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Abreviaturas 

 

1. Aminoácidos  

 

Ala (A) - Alanina 

Arg (R) - Arginina 

Asn (N) - Asparagina 

Asp (D) - Ácido Apártico 

Cys (C) - Cisteína 

Gln (Q) - Glutamina 

Glu (E) - Ácido Glutâmico 

Gly (G) - Glicina 

His (H) - Histidina 

Ile (I) - Isoleucina 

Leu (L) - Leucina 

Lys (K) - Lisina 

Met (M) - Metionina 

Phe (F) - Fenilalanina 

Pro (P) - Prolina 

Ser (S) - Serina 

Thr (T) - Treonina 

Trp (W) - Triptofano 

Tyr (Y) - Tirosina 

Val (V) - Valina 
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2. Outras 

 

ACN - Acetonitrila 

Boc - terc-Butiloxicarbonila 

DCM - Diclorometano 

DIC     - Diisopropilcarbodiimida 

DIEA  - N- Diisopropiletilamina 

DMF   - N,N – Dimetilformamida 

DMSO  - Dimetilsulfóxido 

EDT   - 1, 2-Etanoditiol 

Fmoc   - 9- Fluorenilmetiloxicarbonila 

HATU   - [O-(7-Azabenzotriazol-1-il)-1,1,3,3-tetrametilurônio-hexafluorofosfato] 

HBTU   - (O-Benzotriazollil-N,N,N´,N´-tetrametilurônio-hexafluorofosfato) 

HOAt   - N-Hidroxi-7-azabenzotriazol 

HOBt   - N-Hidroxibenzotriazol 

HPLC   - Cromatografia Líquida de Alta Eficiência 

RC-HPLC    - Cromatografia Líquida de Alta Eficiência em Fase Reversa 

LC/ESI-MS -  Cromatografia Líquida Acoplada a Espectrômetro de  

                         Massas com Ionização por Eletrospray 

MLV    - Multilamellar Vesicles 

NMP  - N-Metilpirrolidona 

Pmc  - 2,2,5,7,8-Pentametil-cromano-6-sulfonila 

SDS     - Docecil Sulfato de Sódio 

SPFS   - Síntese de Peptídeos em Fase Sólida 

SUV  - Small Unilamellar Vesicles 

TBTU   - 2-(1H-Benzotriazol-1-il)-1,1,3,3-tetrametilurônio tetrafluoroborato 
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tBu   - terc-Butila 

TEA      - Trietilamina 

TFA   - Ácido Trifluoroacético 

TFE   - Trifluoroetanol 

TIS   - Triisopropilsilano 

Trt        -  Tritila  

UV-Vis - Ultravioleta Visível 

Z           - ácido ε-aminocapróico 
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Apresentação 

 

 Acaba de ser completado 9 anos de atuação como docente no 

Departamento de Bioquímica e Tecnologia Química do Instituto de Química da 

Universidade Estadual Paulista “Júlio de Mesquita Filho” – UNESP, Campus de 

Araraquara. Somado aos quase 4 anos de atuação docente em outras 

instituições de ensino superior, podemos dizer que já são 13 anos de atuação 

profissional na área acadêmica. Durante este período, venho desenvolvendo 

projetos de pesquisa que envolve a síntese química de peptídeos com atividade 

biológica bem como em estudos de aplicação destes peptídeos em diferentes 

temas relacionados à área de saúde. Além de conduzir estudos que surgiram 

durante o desenvolvimento de meu projeto de doutorado e, posteriormente, de 

pós-doutorado, foram criadas novas linhas de pesquisas aplicadas a diferentes 

temas voltados à saúde. Neste sentido, procurei consolidar uma linha de 

pesquisa robusta focada em demandas de bastante importância tanto para a 

saúde humana como também animal. 

 Nesta tese de Livre-docência está apresentado o estado da arte que 

permitiu o desenvolvimento das diferentes linhas de aplicação dos diferentes 

peptídeos sintéticos, bem como da contribuição que representaram os mais 

relevantes trabalhos desenvolvidos até o presente momento, o qual envolve 

trabalhos de iniciação científica, dissertações e teses de alunos orientados por 

mim durante este período, somado ao aprendizado que pude adquirir durante 

um estágio realizado na University of Birmingham, no Reino Unido durante o ano 

de 2015.    

 O texto aqui apresentado está dividido em três partes: a primeira aborda 

um conteúdo mais voltado ao estado da arte que envolve a obtenção de 

peptídeos através da síntese química, o qual nos permite aplicar estas moléculas 

na área da saúde; a segunda parte visa demonstrar as diferentes áreas de 

aplicação que venho atuando a qual envolve três diferentes classes de peptídeos 

sendo os derivados da toxina CcdB, os derivados de bacteriocinas e os 

derivados da Histatina-5; por fim, a terceira parte desta tese estão anexados os 

principais  frutos desses trabalhos desenvolvidos ao longo desses anos, os quais 

contém artigos científicos e depósito de patente relacionados a esses assuntos. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parte I: 

 Síntese química de peptídeos para 

aplicação na área da saúde 
 

                                                                                                                                                                  



Parte I: Síntese química de peptídeos para aplicação na área da saúde 
_________________________________________________________________________ 

5 

1. Introdução 

O combate a doenças infecciosas vem sendo o objetivo de muitos estudos 

atuais já que as mesmas estão entre as principais causas de morte da população 

humana. Este fato ocorre, em grande parte, pelo surgimento de micro-organismos 

multiresistentes aos medicamentos existentes no mercado, muitas vezes 

relacionados com o uso indiscriminado dos mesmos. Embora haja disponibilidade 

de um grande número de fármacos de última geração no mercado, torna-se ainda 

fundamental a busca de novos compostos no combate às doenças infecciosas 

(LOHNER & STAUDEGGER, 2001), principalmente aqueles com menor 

susceptibilidade à resistência microbiana.  

Diante deste cenário, com relação às infecções bacterianas, devemos 

considerar o fato de que as bactérias possuem habilidade de promover defesas 

contra os fármacos a que são expostas, portanto, capacidade de desenvolvimento 

de resistência. Durante anos, o processo de resistência tem sido contido com 

sucesso, através de modificações nos antibióticos existentes como, por exemplo, 

os -lactâmicos e as quinolonas. Estes tiveram suas performances terapêuticas 

melhoradas e, atualmente, são hábeis, em alguns casos, em superar esta 

resistência. 

No caso de infecções provocadas por fungos, podemos citar o exemplo da 

candidíase, uma infecção comum principalmente observada nas cavidades oral e 

vaginal, na pele, além do esôfago e trato gastrointestinal. O micro-organismo mais 

frequentemente responsável pela doença, pertencente ao gênero Candida, é um 

micro-organismo oportunista presente na microbiota normal do ser humano sem 

ocasionar processos patológicos em indivíduos saudáveis. Mudanças no sistema 

imune do hospedeiro, variações locais do pH e alterações na disponibilidade de 

nutrientes, podem levar à elevadas taxas de reprodução do micro-organismo e o 

aparecimento de patologias associadas ao fungo, como a candidíase 

(BERNARDO et al., 2017; CALDERONE & CLANCY, 2012; DADAR et al., 2018) . 

A candidíase oral é uma das infecções mais recorrentes em pacientes 

imunodeprimidos, como os portadores do vírus da imunodeficiência humana. 

Pode também acometer recém nascidos, pessoas idosas e usuários de próteses 

dentárias (CALDERONE & CLANCY, 2012) . O tratamento de um quadro de 
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candidíase oral geralmente tem duração entre 7 e 14 dias e a administração do 

fármaco pode se dar por via oral ou tópica. Preparações tópicas comuns são 

aquelas contendo antifúngicos azóis, como miconazol e clotrimazol. Os polienos 

nistatina e anfotericina-B também podem ser aplicados topicamente, porém são 

pouco tolerados pelos pacientes e são utilizados em casos de infecções 

provocadas por espécies resistentes aos azóis (CALDERONE & CLANCY, 2012) . 

Como o desenvolvimento de resistência é um processo dinâmico e sua 

contenção depende de diversas medidas sócio-político-econômicas, a busca de 

compostos que possam atuar como novos fármacos a serem utilizados no 

combate às doenças infecciosas provocadas por fungos ou bactérias, torna-se um 

constante desafio para os mais variados grupos de pesquisa em todo o mundo 

(COUTURIER e col.,1998). 

Os peptídeos antimicrobianos (AMPs, na sigla em inglês), mostram-se 

como uma alternativa promissora para o futuro desenvolvimento de novos 

fármacos que combatam infecções microbianas, uma vez que possuem uma 

vasta gama de ação e baixo potencial para desenvolvimento de resistência pelos 

micro-organismos (SHAGAGHI et al., 2018) . 

Um exemplo disso são os peptídeos biologicamente ativos e encontrados 

naturalmente em organismos vivos como plantas, animais e microrganismos 

(TROVATTI et al., 2008). Muitos desses compostos conseguem exercer um 

controle efetivo desses tipos de doenças pelo fato de promoverem atividades 

antimicrobianas específicas e, acima de tudo, que as exerçam através de 

mecanismos de ação alternativos daqueles dos fármacos comercialmente 

disponíveis. 

Por esse motivo, é imprescindível investir em pesquisas, principalmente na 

área da biotecnologia, que possam buscar por novas substâncias naturais ou 

sintéticas que que possam vir a ser novas opções de tratamento de tantas 

doenças que acometem grande parte da população em todo o mundo. 
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2. Química dos peptídeos no desenvolvimento de novos 
fármacos 

Novas substâncias com atividade terapêutica, até alguns anos atrás, eram 

produzidas praticamente por meio de abordagens empíricas e básicas, uma vez 

que os novos compostos eram geralmente sintetizados ou obtidos a partir de 

fontes naturais e testados in vitro e in vivo, de forma randomizada. Esta 

abordagem, por sua vez, necessita de quantidades significativas de produtos para 

os testes biológicos, levando à necessidade da realização de sínteses ou 

extrações por repetidas vezes, tornando todo o processo demorado e muito 

trabalhoso (MARQUARDT & EIFLER-LIMA, 2001). 

Uma das estratégias atualmente utilizada para o descobrimento de um 

novo fármaco, inicia-se com a escolha de um alvo macromolecular, seguida pela 

validação deste alvo e de ensaios bioquímicos e farmacológicos. Posteriormente, 

realiza-se a identificação de um composto-protótipo e, em seguida, parte-se para 

etapas de modificação e otimização deste composto, até a aprovação nos testes 

clínicos em humanos. O tempo total envolvido em todo o processo é de cerca de 

15 anos, sendo que aproximadamente um terço deste tempo corresponde à 

identificação e otimização do composto-protótipo. Os investimentos envolvidos 

neste processo podem atingir cerca de 1 bilhão de dólares (MIERTUS & 

FASSINA, 1999). 

Em decorrência do aumento significativo no prazo de avaliação clínica de 

candidatos a drogas ao longo das duas últimas décadas, os grupos envolvidos 

com estas pesquisas (particularmente as grandes indústrias farmacêuticas) atuam 

sistematicamente visando a diminuição do tempo de desenvolvimento e 

otimização da substância candidata a fármaco. Uma promissora metodologia para 

agilizar os estudos e desenvolvimento de novas substâncias com atividade 

biológica é a síntese de peptídeos. 

 As duas últimas décadas testemunharam um grande avanço das pesquisas 

no campo dos peptídeos biologicamente ativos. O tamanho do mercado de 

peptídeos terapêuticos crescerá em mais de US$ 16 bilhões durante 2019-2023, 

segundo o relatório Global Peptide Therapeutics Market (Technavio Corporation - 

SKU: IRTNTR30538   https://www.technavio.com/report/global-peptide-

therapeutics-market-industry-analysis, acessado em 28/03/2019), publicado em 

https://www.technavio.com/report/global-peptide-therapeutics-market-industry-analysis
https://www.technavio.com/report/global-peptide-therapeutics-market-industry-analysis
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dezembro de 2018. Este relatório baseia-se em informações sobre várias 

empresas, incluindo a Eli Lilly, a Novo Nordisk, a Sanofi, a Takeda 

Pharmaceutical e a Teva Pharmaceutical. 

 Um enorme interesse por esta classe de compostos e por metodologias de 

isolamento, análise, purificação, identificação e quantificação, passaram a ser 

sistematicamente estudadas e aprimoradas. 

 A síntese de moléculas idênticas ou análogas às naturais (derivados 

estruturais com algumas modificações pontuais) permite a realização de estudos 

fisiológicos, químicos, físicos, farmacológicos, bioquímicos e clínicos de grande 

parte dos peptídeos biologicamente ativos conhecidos até o presente momento 

(MACHADO e col., 2004). Além de todas estas características, estas moléculas 

sintéticas, também denominadas miméticos peptídicos, são também utilizadas 

como padrões, permitindo a quantificação dos peptídeos correspondentes 

contidos em extratos brutos ou em frações obtidas durante seus isolamentos dos 

mais variados tipos de microrganismos, plantas ou até mesmo de diferentes 

espécies de animais (GIADA e col., 1998). 

 

3. Síntese química de peptídeos 

Essencialmente, a síntese química de peptídeos pode ser definida, de 

maneira simplificada, como a união de L-α-aminoácidos através da formação de 

ligações peptídicas do tipo amida, a qual se forma com a união de grupos α-

carboxilílico de um aminoácido com o α-amino grupo de um outro aminoácido 

adjacente. O aumento do número de aminoácidos de um peptídeo ocorre com 

repetitivas formações de ligações peptídicas, conforme descrito. Porém, esta 

breve definição não expõe o grau de complexidade e nem a riqueza química 

associada a este processo.  

Como é sabido, os L-α-aminoácidos possuem pelo menos duas funções, 

sendo elas a função amina e a função carboxila. Desta forma, para que a ligação 

peptídica ocorra corretamente entre as funções desejadas de forma direcionada, 

todas as demais funções que o L-α-aminiácido porventura apresentar, deverão 

estar protegidas. Sendo assim, para que ocorra a formação de ligações peptídicas 

subsequentes, será necessário previamente a eliminação de um dos grupos 
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protetores que está bloqueando temporariamente a função que irá reagir para 

formar a nova ligação peptídica. Somado a isto, é necessário observar que 

também existem os aminoácidos trifuncionais, isto é, que apresentam uma 

terceira função localizada em sua cadeia lateral. Para estes casos, além da 

necessidade de haver o protetor temporário da função que irá reagir para a 

formação da ligação peptídica, para estes aminoácidos é necessário existir 

protetores específicos para a função existente na cadeia lateral, os quais devem 

apresentar características químicas distintas dos protetores temporários.  

Com isto, a síntese química de peptídeos requer uma correta 

manipulação de reagentes e uso adequado de metodologias que permita remover 

os protetores temporários das funções que irão completar de maneira eficaz a 

reação de formação da ligação peptídica direcionada, bem como que permita a 

permanência dos grupos protetores das funções presentes nas cadeias laterais 

dos aminoácidos trifuncionais, até o final da síntese do peptídeo desejado. Com 

todos estes detalhes, podemos observar a riqueza de conceitos químicos que a 

síntese de peptídeos apresenta.  

Os primeiros trabalhos que reportaram à comunidade científica a síntese 

química de peptídeos foram os de Fischer e Fourneau, publicado em 1901 e, um 

ano depois o trabalho de Curtius (1902), os quais descreviam todo o processo de 

síntese química de um peptídeo, ocorrendo em solução. Em 1963, Bruce 

Merrifield apresentou à comunidade científica uma metodologia inovadora, que 

renderia à Merrifield quase 20 anos depois de sua publicação, o Prêmio Nobel de 

Química em 1984. Esta metodologia ficou conhecida como Síntese de Peptídeos 

em Fase Sólida (SPFS), a qual veio revolucionar a síntese orgânica clássica (ou 

também conhecida como síntese em solução), por possuir características 

peculiares, uma vez que esta nova metodologia introduziu o uso de polímeros 

insolúveis como suporte (MERRIFIELD, 1963; PINILLA, 1995).  

A SPFS tem como base o crescimento da cadeia peptídica sobre um 

suporte sólido polimérico. O grupo carboxílico C-terminal do peptídeo encontra-se 

unido covalentemente ao polímero e, portanto, o componente que contém esta 

extremidade é insolúvel nos solventes utilizados no processo de síntese 

(MERRIFIELD, 1963; MERRIFIELD, 1985). Assim, o excesso de reagentes e uma 

grande maioria dos produtos secundários podem ser eliminados por simples 
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filtração e lavagens do polímero que contém o peptídeo em crescimento.  Este 

fato influencia favoravelmente para que se possam utilizar grandes excessos de 

reagentes, conseguindo em muitas etapas, rendimentos quase quantitativos. As 

vantagens adicionais são que se minimizam as perdas por manipulação e que 

todo processo sintético pode ser automatizado. 

A metodologia da fase sólida em sua estratégia sequencial é atualmente a 

mais utilizada para a síntese de peptídeos que contém até 60 resíduos de 

aminoácidos. Para a síntese de sequências maiores, costuma-se empregar a 

estratégia convergente. Nesta estratégia, o que se faz é a união de dois 

fragmentos de peptídeos de tamanhos variados, seja totalmente em fase sólida 

ou em solução, ou mediante uma combinação de ambas: síntese dos peptídeos 

protegidos em fase sólida, e posterior acoplamento dos mesmos em solução.  

Os polímeros utilizados na SPFS apresentam-se como partículas de 

tamanho e forma adequados à manipulação e filtração. Como propriedade 

característica, estes polímeros possuem um alto grau de solvatação em solvente 

apolar, permitindo a entrada de reagentes através das partículas, certificando a 

acessibilidade de sítios reativos aos reagentes (Figura 1). Possuem grupos 

funcionais passíveis de sofrer modificações químicas para permitir que o primeiro 

aminoácido possa ser prontamente atacado e ocorra entre ambos, a formação de 

uma ligação covalente.  

 

FIGURA 1. Visualização progressiva de uma resina de Merrifield (PS-DVB 1%) a 
partir de uma unidade macroscópica e as cadeias poliméricas que a compõem. 

 

                               

 

    Grão                                       Feixe               Matriz 

Fonte: adaptado de Marquardt e Eifler-Lima, 2001. 
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Como citado anteriormente, para que o processo de síntese se 

desenvolva de maneira dirigida, é necessária a proteção adequada dos grupos 

funcionais que não estão diretamente envolvidos na reação de formação da 

ligação peptídica. A reação de formação de uma ligação amida entre dois 

aminoácidos é denominada condensação. Por serem removidos a cada 

acoplamento, os protetores das funções amina e ácido carboxílico são ditos 

protetores temporários, enquanto os protetores das cadeias laterias dos 

aminoácidos trifuncionais, que devem permanecer até o final da síntese, são ditos 

permanentes. 

As duas principais estratégias de SPFS baseiam-se na proteção 

temporária do grupamento -amínico dos aminoácidos, com basicamente dois 

protetores (t-Boc e Fmoc), os quais diferenciam-se, principalmente, quanto à 

labilidade ácido-base.  

O grupamento protetor terc-butiloxicarbonila (t-Boc) é eliminado mediante 

acidólise com ácidos de força moderada (TFA 30% em DCM). Neste caso, em 

seguida ao tratamento ácido, deve-se realizar uma neutralização (normalmente 

com DIEA 5% em DCM) para que a função amina fique em sua forma 

desprotonada. A estratégia t-Boc implica ainda na utilização de protetores 

permanentes que sejam estáveis a estes tratamentos ácidos. Protetores tipo 

benzila (Bzl) são bastante utilizados para esta função, os quais requerem para 

sua eliminação, o emprego de ácidos fortes como o ácido fluorídrico (ANDERSON 

& McGREGOR, 1957; CARPINO, 1957).  

Como pode ser observado, a estratégia t-Boc requer a utilização de 

ácidos moderados e fortes ao longo de todas as etapas da síntese de um 

peptídeo. Por este motivo, principalmente pela necessidade da utilização do ácido 

fluorídrico que requer condições especiais de manipulação, esta estratégia vem 

sendo cada vez menos utilizada ao longo dos anos, comparada com a estratégia 

Fmoc.  

O grupamento Fmoc (9-fluorenilmetiloxicarbonila) é eliminado com bases 

de força moderada (geralmente piperidina 20% em DMF). Esta característica da 

estratégia Fmoc permite a utilização de grupos protetores das cadeias laterais dos 

aminoácidos trifuncionais, baseados no grupo terc-butila (tBu), os quais são lábeis 

ao ácido trifluoroacético (CARPINO & HAN, 1972). Com isto as condições de 
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tratamentos durante as etapas da síntese são bem mais brandas comparadas 

coma estratégia t-Boc, o que fez com que a estratégia Fmoc viesse ser mais 

amplamente utilizada.  

Durante a síntese, para que ocorra a formação da ligação peptídica entre 

os aminoácidos adjacentes, é necessário que o componente eletrófilo (C 

carbonílico do ácido) esteja ativado, pois caso contrário, seria formado um sal de 

amônio. Esta ativação do ácido carboxílico, que é a base da formação da ligação 

peptídica, tem sido uma das etapas da síntese de peptídeos que mais evoluiu nos 

últimos anos, justamente pelo interesse em obter bons rendimentos na formação 

da ligação peptídica, mantendo a integridade da cadeia em crescimento, em 

particular do centro estereogênico em α do grupo carboxílico ativado. Desta 

forma, ele pode sofrer ataque pelo grupo amina do aminoácido que permanece 

ligado à resina e, assim, formar a ligação amida (ligação peptídica).  

Os chamados reagentes de acoplamento têm a função de reagir com o 

grupo carboxila livre de um aminoácido e gerar espécies reativas. Os mais 

comumente empregados são as carbodiimidas (SHEEHAN & HESS, 1955). O 

mecanismo envolve a formação da orto-acilisouréia, a qual sofre aminólise por 

parte da amina, para produzir a ligação amida. Se for empregado um segundo 

equivalente de ácido carboxílico, será formado o anidrido simétrico. Do mesmo 

modo, na presença de hidroxilaminas, por exemplo, hidroxibenzotriazol (HOBt) ou 

7-aza-1-hidroxibenzotriazol (HOAt), será obtido um éster ativo. Qualquer uma das 

três espécies reativas, orto-acilisouréia, anidrido simétrico ou éster ativo são bons 

agentes acilantes (Figura 2).  

O processo de acoplamento dos aminoácidos é monitorado através do 

teste de ninidrina (KAISER e col., 1970). Este composto reage com aminas 

primárias levando à formação de um produto de coloração violeta. Desta forma, 

após acoplamento de aminoácidos à cadeia polipeptídica, o teste deve apresentar 

coloração amarela, indicando a ausência de aminas livres, pois o grupamento 

amina apresenta-se protegido e, após desproteção do grupamento amina, deve 

apresentar coloração violeta (Figura 3). 
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FIGURA 2. Mecanismo de formação de ligação peptídica empregando 
carbodiimidas. 

 

Fonte: Marchetto, 2006. 

 

 

 

 

 

FIGURA 3. Teste de ninidrina demonstrando coloração da reação na presença de 
grupos aminas livres ou protegidas com o grupamento Fmoc. 

NH2
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NH
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Fonte: Elaborada pelo próprio autor. 
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Ao final da síntese, os grupos protetores temporários e permanentes 

devem ser removidos e o peptídeo deve ser clivado da resina. Na síntese t-Boc 

isto é feito através do tratamento com um ácido forte, como o ácido fluorídrico e 

na síntese Fmoc, através de tratamento com ácido de força moderada, como o 

ácido trifluoroacético.  

Um esquema geral da SPFS utilizando a estratégia Fmoc, a qual foi a 

utilizada para obtenção dos análogos peptídicos empregados nos estudos 

contidos neste trabalho, é representado na Figura 4. 

 

 
FIGURA 4. Esquema ilustrativo da SPFS. Os círculos azuis, verdes e amarelos 
representam as diferentes cadeias laterais reativas dos aminoácidos (AA), com 
seus respectivos protetores. Os círculos vermelhos representam o protetor do 
grupo amina. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fonte: Elaborada pelo próprio autor. 
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Por fim, é importante novamente ressaltar que a SPFS destaca-se em 

relação à síntese enzimática e à síntese via DNA recombinante pela facilidade de 

purificação do produto e também por ser uma técnica muito eficiente na obtenção 

de peptídeos com até 60 resíduos de aminoácidos, principalmente quando estes 

contêm modificações químicas (amidação, fosforilação, sulfatação, acetilação ou 

ciclização) (MACHADO e col., 2004). 

 

3.1. Purificação e caracterização dos peptídeos sintéticos 

Para uso clínico, consumo alimentar, realização de testes biológicos e 

estudos estruturais ou que explorem a relação estrutura-atividade, são requeridos 

peptídeos com purezas iguais ou superiores a 95%. Independentemente do 

método de síntese empregado, os peptídeos são invariavelmente obtidos em sua 

forma bruta, isto é, apresentando uma série de contaminantes peptídicos 

indesejados, gerados durante o próprio procedimento sintético. Assim, tornou-se 

muito comum combinar técnicas cromatográficas de baixa, média e alta resolução 

para obter peptídeos sintéticos com grau de pureza ideal para as mais variadas 

aplicações (MACHADO e col., 2004). 

As cromatografias líquidas de fase reversa, troca iônica, exclusão e de 

afinidade são as técnicas mais utilizadas na purificação e caracterização dos 

produtos brutos obtidos a partir das sínteses química e enzimática. Nas últimas 

décadas, a cromatografia líquida de alta eficiência em fase reversa (RP-HPLC) 

tornou-se a técnica de maior destaque para este tipo de procedimento (MANT & 

HODGES, 1991). 

A RP-HPLC baseia-se na adsorção dos peptídeos sintéticos a uma matriz 

estacionária hidrofóbica [sílica derivatizada pela introdução de cadeias alquílicas, 

tais como n-butila (C4), n-octila (C8), n-octadecila (C18), fenila, ciclohexila e outros], 

bem como na partição destes solutos entre esta matriz e a fase móvel. A fase 

móvel geralmente empregada é ácida e com baixa força iônica. São utilizados 

gradientes de dois eluentes, sendo geralmente um deles a água acidificada com 

ácido trifluoroacético (TFA), e o outro, acetonitrila (ACN). Para a detecção 

recomenda-se o uso dos comprimentos de onda 220 ou 280 nm (MACHADO e 

col., 2004). 
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É importante ressaltar que o monitoramento da purificação pode ser 

obtido via RP-HPLC acoplada à espectrometria de massas com ionização por 

“electrospray” (LC/ESI-MS). Neste caso, determina-se simultaneamente a 

qualidade e a identidade das diferentes frações a serem analisadas (CAVALIER e 

col., 1998). 

A determinação da composição de aminoácidos é de fundamental 

importância para a caracterização química de um peptídeo sintético 

biologicamente ativo, já que esta técnica possibilita nos fornecer o que chamamos 

de conteúdo peptídico. Este tipo de análise compreende duas etapas distintas: 

hidrólise total e análise do hidrolisado por RP-HPLC ou HPLC de troca iônica. A 

última consiste em separar/derivatizar os aminoácidos do hidrolisado para sua 

identificação com base em padrões de todos os aminoácidos (MANT & HODGES, 

1991). 

 

4. Exploração da relação estrutura-atividade de peptídeos ativos 

Os peptídeos podem ser rapidamente hidrolisados em presença das 

proteases presentes em nosso organismo. Por esta razão é que eles podem 

apresentar baixa atividade, quando administrado por via oral e plasmática. Outras 

características relacionadas à dificuldade de transporte, excreção rápida pelo 

fígado ou rins e baixa seletividade, podem também dificultar sua utilização em 

terapêutica (VEBER & FREIDINGER, 1985). 

Este conhecimento tem impulsionado a realização de estudos que através 

de deleção, adição e modificação racional da sequência de aminoácidos, grupos 

ionizáveis e/ou esqueleto peptídico, visam desenvolver análogos de peptídeos 

biologicamente ativos com propriedades físicas e químicas capazes de aumentar 

ou diminuir os seus potencias de ação, além de alterar as suas estabilidades 

frente a proteases. Este tipo de estudo é chamado de exploração da relação 

estrutura-atividade (SAR) e depende exclusivamente da síntese de peptídeos. 

Muitas vezes, entretanto, o estudo de SAR de um peptídeo biologicamente ativo 

tem como único objetivo elucidar o modo de ação do mesmo (MACHADO e col., 

2004). 

De um modo geral, os análogos sintéticos são inicialmente obtidos com o 

objetivo de se determinar a contribuição individual de cada um dos aminoácidos 
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da sequência natural na expressão da atividade biológica. Em cada etapa 

posterior, eles definem como as cadeias laterais essenciais à atividade devem 

estar dispostas espacialmente (GANTE, 1994). O ponto final é a obtenção, 

mediante sínteses individuais e paralelas ou pela química combinatória, de 

estruturas miméticas que possam ser utilizadas como fármacos (GÜNTHER & 

BECK-SICKINGER, 1992). Recentemente, os peptídeos antimicrobianos 

passaram a ser estudados utilizando este tipo de abordagem (FÁZIO e col., 

2001). 

Com a crescente busca por peptídeos biologicamente ativos e o avanço 

nos estudos que envolvem a relação estrutura-atividade, é possível que em 

poucos anos tenhamos disponível no mercado um maior número de fármacos 

pertencentes a esta classe. Indubitavelmente, isto implicaria em uma melhora da 

qualidade de vida dos pacientes a serem tratados com esta terapêutica, por 

serem compostos menos agressivos, no que se refere a efeitos colaterais, quando 

comparados à enorme gama de análogos fisiológicos que compõem o mercado 

atual.  

Desta forma, a segunda parte desta tese será dedicada em demonstrar as 

linhas de desenvolvimento das pesquisas que temos realizados, bem como a 

contribuição que temos dado, envolvendo a aplicação de derivados de peptídeos 

antimicrobianos em diferentes abordagens na área da saúde.   
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1. Introdução 

 Dentro da incessante busca por novos compostos com atividade biológica 

que possam ser aplicados na área da saúde, nosso grupo de pesquisa da 

Unidade de Síntese, Estrutura e Aplicações de Peptídeos e Proteínas (USEAPP), 

vem investigando diferentes moléculas peptídicas de ocorrência natural, as quais 

possuem mecanismos de ação diferentes nas células alvo.  

Ao longo das últimas duas décadas pudemos perceber que diversas 

estratégias vêm sendo desenvolvidas visando atender a uma demanda crescente 

por métodos alternativos de combate a micro-organismos que causam inúmeras 

doenças infecciosas em humanos e animais. Diante deste contexto, os projetos 

que temos desenvolvido possuem como objetivo central, a busca por novas 

propostas terapêuticas ou até mesmo de combate a infecções provocadas por 

esses micro-organismos. Com isso, destacamos alguns estudos que vêm sendo 

realizados pelo grupo que, por sua vez, tem demonstrando resultados 

promissores para tal objetivo. Estes estudos podem ser divididos em três linhas 

de pesquisa que apresentam as suas particularidades. 

 

2. A toxina natural CcdB e sua ação antibacteriana 

O CcdB é uma proteína de 11,7 kDa, composto por uma seqüência de 101 

resíduos de aminoácidos (Figura 5), codificada pelo locus ccd do Plasmídio F. 

Este, um fator de conjugação bacteriana de 95 kb, amplamente estudado em 

Escherichia coli, está presente em pequeno número nas células. Mesmo assim, é 

conservado nas linhagens bacterianas, pois além de possuir um sistema que 

permite sua distribuição entre as células filhas durante a divisão celular, também 

codifica sistemas de morte celular programada que favorecem as células que o 

contém, causando a morte daquelas que não o receberam durante a divisão 

celular (OGURA & HIRAGA, 1983; MIKI e col., 1984, JAFFÉ e col., 1985).   

Os sistemas de morte celular programada são geralmente constituídos por 

uma toxina estável e uma antitoxina instável que pode ser uma proteína ou um 

RNA, o qual age prevenindo a expressão da toxina, neutralizando sua ação ou 

protegendo seu alvo (HAYES, 2003). Nas células que contém o plasmídio, tanto a 
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toxina quanto a antitoxina são sintetizadas, de modo que ela permanece viável, 

mas naquelas em que ele não está presente, a síntese de ambos deixa de 

acontecer. Como a antitoxina é menos estável que a toxina, ela é rapidamente 

degradada enquanto a toxina permanece na célula causando sua morte. 

 

FIGURA 5. Estrutura primária do CcdB e do CcdA. 

Fonte: Elaborada pelo próprio autor. 
 

 
Em um desses sistemas, o CcdB age como uma toxina e o CcdA, uma 

proteína de 8,7 kDa (Figura 5), como a antitoxina. Na ausência do CcdA, o CcdB 

pode matar a bactéria através de um mecanismo no qual a enzima DNA girase 

está envolvida. 

Os estudos envolvendo esta importante enzima iniciaram durante o 

desenvolvimento do meu mestrado, onde propusemos investigar a possibilidade 

de sintetizar pequenos fragmentos peptídicos de uma das subunidades da DNA 

girase (GyrB), envolvidos diretamente no reconhecimento das cumarinas, ATP e 

DNA, como modelos para estudos estruturais e de interações moleculares. Parte 

destes estudos foram publicados na revista Journal of Peptides Research 

(Garrido, S.S.; Scatigno, A.C.; Trovatti, E.; Carvalho, D.C.; Marchetto, R., 2005 – 

Anexo 1).  

A ação do CcdB sobre a DNA girase foi identificada inicialmente por 

Bernard e Couturier (1992), que descreveram o isolamento, o mapeamento, o 

sequenciamento e as propriedades das bactérias mutantes resistentes à atividade 

citotóxica do CcdB. Essas mutações estão localizadas no gene gyrA (codificador 

da subunidade A da enzima bacteriana). Esses mesmos autores observaram que 

 

MQFKVYTYKRESRYRLFVDVQSDIIDTPGRRMVIPLASARLLSDKVSRELYPVV

HIGDESWRMMTTDMASVPVSVIGEEVADLSHRENDIKNAINLMFWGI 

CcdB 

 

MKQRITVTVDSDSYQLLKAYDVNISGLVSTTMQNEARRLRAERWKAENQEGM

AEVARFIEMNGS FADENRDW 

CcdA 
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nos mutantes resistentes, ao contrário das linhagens sensíveis, havia uma 

supressão da quebra do DNA plasmidial. Essas evidências, juntamente com a 

observação de que o DNA plasmidial isolado de células com superprodução de 

CcdB encontrava-se extensivamente relaxado apontaram a DNA girase como alvo 

desta toxina (MAKI e col., 1992).  

A ação tóxica do CcdB provoca a morte celular através de um processo que 

converte a DNA girase em um agente citotóxico.  Interferindo na atuação da 

enzima, o CcdB induz a clivagem do DNA via DNA girase, ligando-se ao 

complexo “clivável” (DNA-Enzima) e estabilizando-o, o que além de gerar uma 

lesão no DNA, bloqueia a transcrição pela T7 RNA polimerase (CRITCHLOW e 

col., 1997).  

 O modo de ação do CcdB é semelhante ao apresentado por antibióticos da 

classe das quinolonas, isto é, formando um complexo ternário estável Enzima-

CcdB-DNA. Contudo, algumas diferenças importantes podem ser observadas, tais 

como o local de interação com a enzima, a dependência de ATP para a clivagem 

do DNA linear induzida pelo CcdB (BERNARD e col., 1993), o sítio do DNA onde 

a clivagem ocorre e o tamanho mínimo do fragmento de DNA requerido para a 

ocorrência da reação (Figura 6). 

A estrutura cristalina de CcdB foi determinada, em 1999 por Loris e 

colaboradores, que demonstraram que o CcdB aparece como um dímero no 

cristal, de acordo, portanto, com outros pesquisadores que já haviam sugerido 

que a proteína é predominantemente um dímero em solução (VAN MELDEREN e 

col., 1996). Para responder sobre a localização das mutações em GyrA, Loris e 

colaboradores (1999), propuseram que a estrutura dimérica de CcdB interage 

com GyrA, ligando-se no interior de uma cavidade formada entre duas 

subunidades de GyrA (Figura 7). Neste caso, a cadeia lateral do resíduo de Arg-

462 de GyrA, responsável pela interação com o CcdB, apontaria para o interior 

desta cavidade, que por sua vez, aparenta ser ligeiramente pequena para 

acomodar um dímero de CcdB sem conflitos estéricos. Sendo assim, é necessário 

que ela esteja aberta para que a toxina possa entrar e se ligar, possivelmente ao 

resíduo Arg-462 em um processo que envolve a hidrólise do ATP, e cujo resultado 

é a clivagem do DNA (LORIS e col., 1999).  
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FIGURA 6. Mecanismo de envenenamento da DNA girase pelo CcdB. Esquema 
do ciclo catalítico da DNA girase e o provável ponto de interferência pelo CcdB. 
GyrA mostrada em azul, GyrB em verde, DNA em vermelho e CcdB em laranja. 
(a) DNA girase em seu estado de repouso; (b) segmento de DNA ligado 
reversivelmente à enzima; (c) o segmento de DNA é clivado e ambas as partes 
permanecem ligadas covalentemente à GyrA e um segundo segmento de DNA 
pode se ligar a GyrB; (d) fechamento de GyrB, após ligação com ATP e abertura 
de GyrA, permitindo a passagem do segundo segmento de DNA para a 
subunidade GyrA; (e) ligação de CcdB ao complexo enzima-DNA; (f) na ausência 
de ligação ao CcdB, abertura da DNA girase para passagem do segundo 
segmento de DNA; (g) hidrólise de ATP e retorno da enzima ao seu estado de 
repouso . 
 
 
 

 

 

 

Fonte: Adaptado de Minh-Hoa Dao-Thi e colaboradores, J. Mol. Biol., 2005. 
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FIGURA 7. Estrutura Cristalina do complexo DNA girase-CcdB. A estrutura da 
esquerda representa GyrA59 em sua conformação fechada. A estrutura da direita 
representa as mudanças conformacionais em GyrA após ligação do CcdB. A 
abertura na interface superior do dímero propicia um amplo espaço para o dímero 
de CcdB. A α-hélice C-terminal de CcdB encontra-se próxima de Arg462. A 
ligação de CcdB à GyrA previne seu fechamento e, consequentemente, a 
religação ao DNA, resultando num complexo bloqueado. 

 
Fonte: Adaptado de LORIS e colaboradores, J. Mol. Biol., 1999. 

 

Os estudos da estrutura cristalina (LORIS e col., 1999) e a identificação de 

mutantes com perda de atividade killer (BAHASSI e col., 1995) levaram à 

conclusão que o resíduo Arg-462 de GyrA e os três resíduos C-terminais (Trp-99, 

Gly-100 e Ile-101) do CcdB desempenham papel crucial no processo de formação 

do complexo GyrA-CcdB, além de sugerir que o CcdB pode tolerar alterações 

significantes em muitas posições da região amino-terminal sem perder sua 

potência letal. Além disso, a deleção destes três resíduos terminais de CcdB não 

provocou nenhum efeito na auto-repressão de CcdB, CcdA-dependente, 

evidenciando que estes resíduos de aminoácidos não estão envolvidos na 

formação do complexo CcdB-CcdA (LORIS e col., 1999). 

A determinação da estrutura cristalina de CcdB representou um passo 

importante no avanço do processo de elucidação do modo de ação desta toxina. 

No entanto, as informações que podem ser deduzidas são bastante limitadas, 

basicamente porque pouco se sabe a respeito da estrutura do complexo DNA 

girase-CcdB. 

Vários pesquisadores (MAKI e col., 1996; MAXWELL, 1997; COUTURIER e 
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col., 1998 e GABANT e col., 1998) já haviam proposto um maior empenho em 

estudos que envolvam o processo de inativação da GyrA pelo CcdB, como um 

meio de gerar novas ideias para o design de novos peptídeos inibidores da DNA 

girase.  

Neste sentido, a síntese de fragmentos peptídicos análogos ao CcdB, bem 

como o emprego dos mesmos como miméticos em estudos estruturais e em 

estudos de interação envolvendo análogos da DNA girase, passou a ser uma das 

linhas de pesquisa de aplicação de peptídeos na área da saúde que nosso grupo 

vem atuando. Os resultados destas pesquisas podem trazer não somente a 

elucidação do modo de ação deste tipo de substância, mas também poderá 

ajudar no desenvolvimento de novos antibióticos com grande capacidade 

antibacteriana, menor tendência ao aparecimento de resistência e reduzida 

toxicidade às células eucarióticas.  

 

2.1. Nossa contribuição nos estudos envolvendo o CcdB 

 Os trabalhos relacionados à toxina CcdB iniciaram-se com o 

desenvolvimento de meu doutoramento no ano de 2002. Naquele projeto foram 

propostos o design de vários peptídeos com o objetivo de estudar a relação entre 

a estrutura e a atividade antimicrobiana de cada uma das moléculas sintetizadas.  

Os peptídeos sintetizados foram projetados tendo como base a estrutura 

cristalina do CcdB proposta por LORIS e colaboradores (1999). Sendo assim, as 

regiões consideradas foram Ser-84 a Ile-101 (região considerada de importância 

significativa na interação com a DNA girase), Met-68 a Pro-72 (região envolvida 

na formação de prováveis dímeros) além do segmento N-terminal Met-1 a Lys-9 

da toxina. Esta última, além de conter uma estrutura em folha β, pode servir como 

sequência de reconhecimento em mecanismos envolvidos no processo de 

penetração através da parede celular.   

A sequência de aminoácidos da molécula de CcdB alinhada com sua 

estrutura secundária, representando seus diversos segmentos (S), está 

esquematizada na Figura 8. 
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FIGURA 8. Sequência de aminoácidos do CcdB bacteriano alinhado com sua 
estrutura secundária. 

 
Fonte: LORIS e colaboradores, J. Mol. Biol., 1999. 

 

Segundo LORIS e colaboradores (1999), os três resíduos da extremidade 

C-terminal (Trp-99, Gly-100 e Ile-101), desempenham papel fundamental na 

formação do complexo CcdB-GyrA. Mutantes identificados com substancial perda 

de atividade “killer” e, portanto, menor habilidade de formar um complexo com 

GyrA, apresentaram mutações localizadas nesta região. Por outro lado, tais 

mutações não provocaram qualquer efeito na função de auto-repressão de CcdB, 

dependente de CcdA, evidenciando que estes aminoácidos não devem estar 

envolvidos na formação do complexo CcdB-CcdA. Além disso, o resíduo Trp-99, 

juntamente com outros doze resíduos da extremidade C-terminal (Glu-87 a Phe-

98), faz parte da composição da única -hélice presente na estrutura do CcdB 

(Figura 8). 

Além da -hélice e das estruturas -sheet principais, a molécula de CcdB 

também apresenta, entre os seguimentos S6 e S3a da estrutura -sheet principal, 

três segmentos menores em forma de folha, as quais se projetam para fora da 

molécula como uma “asa”.  Esta “asa” envolve os resíduos 41 a 50 que formam 

um loop e permanecem protegidos da ação de proteases, na presença de CcdA 

(VAN MELDEREN e col., 1996). Isso indica que este segmento forma um local de 

reconhecimento provável para o CcdA. 

O monômero CcdB consiste de cinco principais estruturas antiparalelas 

denominadas -sheet. Entre elas, o segmento S6, que é formado pelos resíduos 

Met-68 a Pro-72, e desempenha papel importante na formação da estrutura do 

dímero de CcdB. A interface do dímero é formada pelos resíduos que compõem o 

fragmento S6, além dos três resíduos C-terminais da -hélice. No dímero, o 
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segmento S6 de um monômero interage com o segmento S6 do monômero 

oposto, de maneira antiparalela. A cadeia lateral do resíduo Trp-99 forma uma 

fraca ligação de hidrogênio com Asn-95, além de contatos hidrofóbicos com Lys-

91, ambos do monômero oposto, estabilizando, assim, o dímero formado, 

representado a seguir, na Figura 9. 

 

FIGURA 9. Diagrama representativo do dímero de CcdB. Elementos da estrutura 

secundária são marcados e codificados por cores. Vermelho: estrutura -sheet 

principal com 5 dobras; rosa: folha pregueada menor com 3 dobras; amarelo: -
hélice C-terminal. 

                           

Fonte: LORIS e colaboradores, J. Mol. Biol., 1999. 

 

Com base em todas estas considerações sobre a estrutura da toxina CcdB, 

uma série de peptídeos foram projetados para serem sintetizados e 

posteriormente estudados quanto ao potencial antimicrobiano (Figura 10). 

O peptídeo denominado 2Sa (Figura 10), é composto por dois fragmentos: 

o primeiro contendo a sequência de resíduos de aminoácidos Ile-101 a Ser-84 da 

molécula de CcdB bacteriano e um segundo, contendo o segmento S6, sendo os 

dois fragmentos conectados por um linker, o ácido -aminocapróico (Z). O 

análogo 2Sb possui como estrutura primária, a sequência de aminoácidos de 2Sa, 

conectada, através do mesmo linker (Z), à sequência N-terminal do CcdB, 

contendo nove resíduos (Met-1 a Lys-9). 

Os análogos 2Sac e 2Sbc, diferenciam-se de 2Sa e 2Sb, por terem 

acrescido às respectivas extremidades N-terminal, uma sequência de 

aminoácidos denominada “sequência carreadora”, empregada com grande êxito 
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em processos que envolvem o direcionamento e transporte de moléculas 

peptídicas através da parede celular microbiana. Neste caso, estas sequências 

foram adicionadas, na tentativa de solucionar possíveis problemas de 

permeabilidade, como aqueles anteriormente detectados em trabalhos 

envolvendo outros análogos do CcdB (TROVATTI, 2006). 

 

FIGURA 10. Estrutura primária dos análogos peptídicos sintetizados. 

 

(2Sa) 64MTTDMASVPV73-Z-84SHRENDIKNAINLMFWGI101  

 

(2Sb)  1MQFKVYTYK9-Z-64MTTDMASVPV73-Z-84SHRENDIKNAINLMFWGI101  

 

(2Sac) RRRWF-GG-64MTTDMASVPV73-Z-84SHRENDIKNAINLMFWGI101 

 

(2Sbc) RRRWF-GG-1MQFKVYTYK9-Z-64MTTDMASVPV73-Z-84SHRENDIKNAINLMFWGI101 

 

(3Ca) 64MTTDMACVPV73-Z-84SHRENDIKNAINLMFWGI101  

 

(3Cb)  1MQFKVYTYK9-Z-64MTTDMACVPV73-Z-84SHRENDIKNAINLMFWGI101  

 
               1MQFKVYTYK9-Z-64MTTDMACVPV73-Z-84SHRENDIKNAINLMFWGI101   

(3CbDim)                      ׀ 
               1MQFKVYTYK9-Z-64MTTDMACVPV73-Z-84SHRENDIKNAINLMFWGI101 

 

 

(Hélice 1)      87ENDIKNAINLMFWGI101   

 
(Hélice Acetil)  Acetil-87ENDIKNAINLMFWGI101   

 

(Hélice CE)     85C-Z-87ENDIKNAINLMFWGI101   

 
                 C-Z-87ENDIKNAINLMFWGI101   

(Hélice CE-Dim)  ׀ 
                 C-Z-87ENDIKNAINLMFWGI101   

 

(Hélice IC)     87ENDIKNAINLMFWGI101-Z-C103     

 

                 C-Z-101IGWFMLNIANKIDNE87   

(Hélice IC-Dim)  ׀ 
                 C-Z-101IGWFMLNIANKIDNE87   

 

Fonte : Elaborada pelo próprio autor. 
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Prevendo problemas na formação espontânea de dímeros, pelos análogos 

2Sa e 2Sb, devido basicamente as mudanças conformacionais inerentes à 

alteração da sequência natural do CcdB, também foram projetados os peptídeos 

3Ca e 3Cb, que diferem das primeiras apenas pela substituição do resíduo de 

serina da posição 70, por um resíduo de cisteína. Esta alteração pontual teve 

como objetivo, garantir a formação de um dímero, através da formação de uma 

ligação dissulfeto intermolecular. O resíduo de serina foi escolhido para a 

substituição, por apresentar estrutura molecular muito próxima da cisteína e por 

ser o aminoácido central do segmento denominado S6. Neste caso, escolheu-se o 

peptídeo 3Cb para a síntese do dímero (denominado 3Cb-Dim), de forma que 

estudos comparativos entre ambos, poderia fornecer subsídios para concluir 

acerca da real importância da formação de estruturas diméricas do CcdB, no 

processo de inibição da atividade enzimática. 

As estruturas em hélice representadas na Figura 10, foram projetadas com 

o intuito de explorar da melhor forma possível a função da única hélice que 

compõe a estrutura nativa do CcdB (Figura 8). Neste caso, a sequência Glu-87 – 

Ile-101 foi sintetizada, mantendo-se a extremidade N-terminal livre (Hélice 1) ou 

acetilada (Hélice Acetil), especificamente para avaliar o efeito de uma carga 

positiva nesta extremidade.   

Outras variáveis da hélice Glu-87 – Ile-101, contendo um resíduo de 

cisteína nas posições 85 (Hélice CE) ou 103 (Hélice IC), também foram 

sintetizadas, de modo que pudessem servir de monômeros, na obtenção de 

outros dois dímeros, Hélice IC-Dim e Hélice CE-Dim, que diferem entre si na 

posição da ligação dissulfeto, N- ou C-terminal, e permitindo uma maior ou menor 

exposição dos três resíduos supostamente essenciais para a atividade inibitória 

do CcdB. 

Para a síntese dos dímeros, os peptídeos contendo cisteína na sua 

estrutura primária (3Ca, 3Cb, Hélice CE e Hélice IC) foram submetidos a um 

processo de oxidação pelo ar, em solução levemente alcalina. Os produtos deste 

processo foram dímeros dos respectivos monômeros ligados entre si por ligações 

dissulfeto (Figura 10). Este processo foi acompanhado, empregando-se a técnica 

de cromatografia líquida, avaliando-se o desaparecimento do pico do monômero e 
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o respectivo aparecimento do pico atribuído ao dímero, como exemplificado na 

Figura 11. 

A caracterização dos peptídeos foi realizada através de análises de 

espectrometria de massas e análise de aminoácidos. Os valores de massa 

molecular, obtidos por espectrometria de massas no modo electrospray positivo 

[ES m/z: (M + H)+], bem como os valores obtidos da proporção relativa dos 

aminoácidos, foram coincidentes com o teórico esperado, confirmando a 

identidades das estruturas peptídicas sintetizadas.  

Desta forma, é possível demonstrar que a técnica de síntese química de 

peptídeos é bastante robusta permitindo a obtenção de moléculas bastante 

diversificadas, como as aqui apresentadas.   

 

FIGURA 11. Exemplo do acompanhamento cinético do processo de dimerização. 
(A) monômero precursor puro do análogo 3Cb em condições iniciais de oxidação; 
(B) o mesmo análogo após 72 horas de reação. A conversão em dímero deste 
análogo apresentou rendimento de aproximadamente 70%.  
 

    

Fonte: Elaborada pelo próprio autor. 

 

 Após a síntese de todos os peptídeos propostos, foram iniciados os 

estudos de atividade antimicrobiana. Devido ao fato de os peptídeos terem sido 

projetados com base na estrutura da toxina CcdB, a qual foi reportada por 

Bernard e Couturier (1992) como um importante inibidor da enzima DNA girase, 

os primeiros experimentos que foram planejados foi investigar se cada um dos 

peptídeos apresentava ação inibitória da atividade desta enzima.  

A DNA girase é um membro do grupo das enzimas topoisomerases, as 

quais são responsáveis por controlar e modificar o estado topológico do DNA nas 

(A) (B) 
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células através do relaxamento do DNA superhelicoidal. Baseado nesta 

importante característica da DNA girase, é possível o estudo de interação e 

inibição da mesma por diversos agentes, através da análise da migração das 

diferentes formas do DNA (relaxado e superenovelado), quando submetidas a um 

campo elétrico.  

Desta forma, a capacidade de inibição da reação de superenovelamento 

catalisada pela DNA girase, foi analisada para cada um dos peptídeos 

sintetizados, utilizando-se a técnica de eletroforese em gel de agarose. 

Partindo-se de uma concentração de 250 µM para todos os peptídeos, um 

primeiro ensaio foi realizado com o intuito de avaliar o caráter inibitório da ação da 

DNA girase. Esta concentração foi definida com base em outros trabalhos 

desenvolvidos pelo grupo. A Figura 12 mostra um dos resultados obtidos durante 

estes estudos.   

 

 FIGURA 12. Inibição da atividade de superenovelamento da DNA girase por 
análogos do CcdB a 250 μM. Volume de reação de 30 µL contendo: (coluna A) 
plasmídeo pBr322 relaxado controle; (coluna B) plasmídeo pBr322 relaxado e 
DNA girase (1U) na ausência de inibidor; (colunas C, D, E, F, G, H) plasmídeo 
pBR322 relaxado, DNA girase (1U) e análogos 2Sa, 2Sb, 2Sac, 2Sbc, 3Ca e 3Cb, 
em mesma concentração (250 μM), respectivamente. 

 

                                      

Fonte: Elaborada pelo próprio autor. 

 

É possível observar o efeito dos diferentes análogos sintéticos do CcdB, na 

reação de superenovelamento do DNA mediado pela DNA girase. A ação da DNA 

girase foi inibida completamente pela presença dos análogos 2Sb, 2Sbc, 3Ca e 

pBR322 relaxado 

origem 

 A  B  C   D E F  G  H 

pBR322  
superenovelado 
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3Cb (colunas D, F, G e H), já que não é possível visualizar a existência da banda 

do plasmídeo superenovelado, evidenciando a capacidade de interação deste 

fragmento com a enzima, inibindo sua ação, assim como ocorre com a molécula 

de CcdB nativo. Por outro lado, o análogo 2Sa não foi capaz de inibir a atividade 

da enzima, na concentração de 250 µM (coluna C).  

Observação interessante foi o desaparecimento total das bandas atribuídas 

ao pBR322 relaxado e superenovelado, quando na presença de 2Sac (coluna E). 

Neste caso, é possível observar apenas uma banda presente na origem sendo 

que uma hipótese para este resultado, seria que a presença de 2Sac, nas 

condições do experimento, deve promover a formação de um complexo peptídeo-

enzima-DNA insolúvel, o que impossibilitaria a migração do DNA quando 

submetido à análise por eletroforese. Van Melderen e colaboradores (1996), já 

haviam observado fenômeno semelhante causado pela insolubilidade de um 

complexo CcdA-CcdB e DNA girase, quando ensaiado em concentrações 

crescentes de CcdB. 

A partir deste primeiro ensaio prévio, outro ensaio foi realizado com os 

análogos que apresentaram melhor atividade contra a ação da DNA girase, porém 

agora em menor concentração (150 μM). Neste novo ensaio, a ação dos análogos 

de CcdB foi comparada com a ação da ciprofloxacina, utilizada como um padrão 

de inibição. O resultado obtido pode ser observado na Figura 13. 

É possível notar que o perfil das bandas apresentadas pelos análogos 2Sb, 

2Sbc e 3Cb (colunas D, E e G), está bastante semelhante ao perfil de bandas 

apresentadas pela ciprofloxacina (coluna H), que foi o agente inibidor comercial 

utilizado como padrão comparativo. Sendo assim, podemos concluir que para a 

concentração de 150 μM, esses análogos mostraram-se eficientes na inibição da 

atividade da DNA girase, resultado este não observado para o análogo 3Ca 

(coluna F). 
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FIGURA 13. Inibição da atividade de superenovelamento da DNA girase por 
análogos do CcdB a 150 μM. Volume de reação de 30 µL contendo: (coluna A) 
plasmídeo pBr322 superenovelado controle; (coluna B) plasmídeo pBr322 
relaxado controle; (coluna C) plasmídeo pBr322 relaxado e DNA girase (1U) na 
ausência de inibidor; (colunas D, E, F, G) plasmídeo pBR322 relaxado, DNA 
girase (1 U) e análogos 2Sb, 2Sbc, 3Ca e 3Cb, em mesma concentração (150 
μM), respectivamente; (coluna H) plasmídeo pBr322 relaxado, DNA girase (1 U) e 
ciprofloxacina 150 μM. 

 

 

                                                 

Fonte: Elaborada pelo próprio autor. 

 

 

Visto que alguns dos análogos testados apresentaram resultados que 

aparentam potencialidade em termos de capacidade inibitória da ação de 

superenovelamento do DNA promovido pela DNA girase, decidiu-se por 

selecionar os análogos 2Sb e 3Cb para determinar a concentração mínima de 

inibição. Quanto ao análogo 2Sbc, mesmo apresentando poder inibitório, na 

mesma concentração de 2Sb e 3Cb, devido a inexistência de atividade biológica, 

observada em outros estudos paralelos, não foi empregado nestes ensaios. As 

Figuras 14 e 15 mostram as análises por eletroforese em gel, na presença dos 

análogos 2Sb e 3Cb, respectivamente, empregando-se as mesmas condições 

anteriores, porém, variando-se a concentração dos mesmos. 
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FIGURA 14. Inibição do superenovelamento do DNA pelo peptídeo 2Sb. Volume 
de reação 30 µL; ensaios contendo plasmídeo pBR322 relaxado (0,5 µg) e DNA 
girase (1U). (coluna A), pBR322 relaxado controle; (coluna B) plasmídeo pBr322 
relaxado e DNA girase (1U) na ausência de inibidor; (colunas C até F), contendo 
2Sb nas concentrações de 90, 30, 15 e 10 µM, respectivamente.  
 

     A          B         C          D         E         F 

 

 

Fonte: Elaborada pelo próprio autor. 

 

 
FIGURA 15. Inibição do superenovelamento do DNA pelo peptídeo 3Cb.Volume 
de reação 30 µL; ensaios contendo plasmídeo pBR322 relaxado (0,5 µg) e DNA 
girase (1U). (coluna A), pBR322 relaxado controle; (coluna B) plasmídeo pBr322 
relaxado e DNA girase (1U) na ausência de inibidor; (colunas C até F), contendo 
3Cb nas concentrações de 90, 30, 15 e 10 µM, respectivamente.  
 

                                                            A          B         C          D          E         F 

 

 

Fonte: Elaborada pelo próprio autor. 

 

Através de uma avaliação das Figuras 12, 13, 14 e 15, é possível afirmar 

que o análogo 3Cb é o melhor inibidor da atividade da DNA girase, uma vez que 
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foi o análogo que apresentou a menor concentração para inibição da reação de 

superenovelamento do DNA. Foi possível observar uma grande diferença entre as 

concentrações mínimas inibitórias da atividade da DNA girase entre os análogos 

testados, sendo que para o 3Cb foi de 15 M, para o 2Sb foi cerca de 30 µM, para 

o 3Ca acima de 150 M e, finalmente o 2Sa apresentou inibição à concentrações 

superiores a 250 M.  

A concentração de 15 M, para 3Cb, equivalente a 70 g/mL, 

corresponde a um valor inferior àquele citado por Bernard e colaboradores (1993), 

para a inibição da atividade da DNA girase, utilizando CcdB natural de 

Escherichia coli (100 µg/mL). Este resultado é bastante surpreendente, pois 

evidencia que as sequências escolhidas e mantidas em 3Cb, foram suficientes 

para a manutenção das características estruturais responsáveis pela atividade 

inibitória do CcdB natural. É importante reportar que a sequência de aminoácidos 

do peptídeo 3Cb foi inspirada em um trabalho paralelo desenvolvido pelo grupo, 

onde um outro peptídeo (CcdBET-2) já havia demonstrado resultados 

interessantes, como mostra a publicação na revista Bioorganic & Medicinal 

Chemistry Letters (Trovatti, E.; Cotrin, C.A.; Garrido, S.S.; Barros, R.S.; 

Marchetto, R., 2008 – Anexo 2).  

Aparentemente a substituição do resíduo de serina da posição 70, por 

uma cisteína em 3Cb, produziu um efeito benéfico em relação à atividade do 

peptídeo, reduzindo em 50% a quantidade necessária de peptídeo para produzir o 

mesmo efeito inibitório, quando comparado ao 2Sb. A simplificação estrutural em 

3Cb, somada à maior solubilidade em água, quando comparado ao CcdB natural, 

faz deste análogo um agente potencial para atuar no mecanismo de inibição da 

DNA girase intracelular. 

Através destes resultados iniciais, obtidos por inibição da atividade da 

DNA girase, foi possível observar indícios de uma possível relação estrutura-

atividade entre os peptídeos sintetizados. Considerando que a sequência C-

terminal (Ser-84 – Ile-101), é comum a todos os análogos sintetizados e que os 

que apresentaram maior atividade inibitória desta enzima (os peptídeos 3Cb e 

2Sb), que compartilham  da  mesma sequência  N-terminal (Met-1 – Lys-9), pode-



Parte II: Aplicação de peptídeos sintéticos na área da saúde                        37 
_________________________________________________________________________ 
 

 

 

se especular sobre a importância deste segmento no ajuste destas moléculas 

peptídicas ao sítio de ligação da enzima. 

Além disso, este ajuste molecular parece ser dependente do aminoácido 

que está presente na posição 70. No caso da sequência natural do CcdB, um 

resíduo de serina está nesta posição e faz parte do segmento denominado S6, 

considerado importante para a formação de um dímero de CcdB durante o 

processo de inibição enzimática. A substituição deste resíduo por uma cisteína, 

aumenta a hidrofobicidade da interface do dímero, facilitando os contatos entre as 

cadeias laterais dos aminoácidos essencialmente hidrofóbicos deste segmento, 

permitindo uma maior interação entre dois monômeros. 

Como o objetivo de se introduzir o resíduo de cisteína nesta posição era 

forçar a formação de um dímero, envolvendo o segmento S6, os estudos de 

inibição da atividade da girase foram estendidos com a inclusão do análogo 3Cb-

Dim, obtido a partir da dimerização de seu precursor monomérico 3Cb. Neste 

caso, os resultados foram semelhantes àqueles obtidos com o monômero 3Cb, ou 

seja a mínima concentração necessária para inibir a ação da enzima também foi 

15 μM (Figura 16). 

 

FIGURA 16. Inibição da atividade de superenovelamento da DNA girase por 
análogos do CcdB a 15 μM. Volume de reação de 30 µL contendo: (coluna A) 
plasmídeo pBr322 superenovelado controle; (coluna B) plasmídeo pBr322 
relaxado controle; (coluna C) plasmídeo pBr322 relaxado e DNA girase (1U) na 
ausência de inibidor; (colunas D, E, F) plasmídeo pBR322 relaxado, DNA girase 
(1U) e análogos 3Cb-Dim, 3Cb e 2Sb, em mesma concentração (15 μM), 
respectivamente. 

       A          B         C         D         E          F 

                                       

Fonte: Elaborada pelo próprio autor. 
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Este resultado foi interessante pois permite novamente especular a 

respeito da relação estrutura-atividade do análogo 3Cb. A presença da cisteína na 

posição 70, de fato pode estar favorecendo a interação entre os segmentos S6 de 

dois monômeros deste análogo, de modo a formar uma estrutura dimérica mais 

estável e com ajuste mais adequado à molécula de DNA girase, se comparado ao 

peptídeo 2Sb. Neste caso, o grupo tiol, mais hidrofóbico, aumentaria as forças de 

interação entre os resíduos, reconhecidamente hidrofóbicos, do segmento S6 de 

duas moléculas de 3Cb, favorecendo a formação de um dímero mais estável, tal 

como 3Cb-Dim. Este último, formado por uma ligação dissulfeto intermolecular e, 

portanto não susceptível a influências de forças desestabilizadoras, durante o 

ensaio de atividade, repetiu os resultados obtidos com 3Cb, evidenciando que 

ambos podem estar atuando, através da formação de um complexo peptídeo-

enzima muito semelhante estruturalmente e que a chave para esta atividade é a 

força de interação entre os segmentos S6 de duas moléculas adjacentes, na 

formação da estrutura dimérica mais ativa. 

Pelo simples fato de que os melhores resultados de inibição da DNA girase 

terem sido alcançados em concentração na faixa de 15 µM, procurou-se 

empregar este mesmo valor, para avaliar a atividade da segunda família de 

peptídeos análogos do CcdB, denominados hélices (Figura 10). Para as seis 

sequências avaliadas, nenhuma apresentou poder inibitório na faixa dos 15 µM, 

mostrando-se menos eficientes, em termos de atividade sobre a DNA girase, 

quando comparado com 3Cb e 3Cb-Dim.  

Este resultado mais uma vez evidencia a importância do fator estrutural, na 

atividade dos análogos peptídicos, que dimensionalmente parecem contribuir para 

a inibição da atividade da DNA girase, promovendo um efeito estérico que pode 

prevenir o fechamento da interface do dímero da cadeia A da DNA girase, e 

resultar em um complexo clivável bloqueado (LORIS e col., 1999). 

Em contraste à DNA girase, que possui maior atividade no 

superenovelamento negativo do DNA, a topoisomerase IV atua preferencialmente 

no relaxamento do DNA superenovelado positivamente, bem como no processo 

de desencadeamento do DNA. Assim, é evidente que a topisomerase IV 

desempenha também importante papel no processo de replicação e que a DNA 
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girase não deve ser o único alvo intracelular efetivo para os diversos agentes 

terapêuticos.  

 Este fato nos motivou a testar também a atividade inibitória dos miméticos 

peptídicos que se destacaram nos ensaios realizados com a DNA girase, frente a 

ação da topoisomerase IV. Para isso, a mesma técnica de eletroforese em gel de 

agarose foi utilizada, já que com ela é possível detectar alterações topológicas no 

DNA plasmidial, resultantes de reações catalisadas por esta enzima.  

Deste modo, empregando-se a concentração de 15 µM, ambos peptídeos 

2Sb e 3Cb-Dim, foram ativos na inibição da reação de relaxamento do DNA 

catalisada pela topoisomerase IV, sendo mais eficiente o análogo 3Cb-Dim 

(Figura 17). 

Embora intimamente relacionada com a DNA girase, a enzima 

topoisomerase IV preferencialmente catalisa reações distintas. Neste contexto, a 

capacidade de inibir a atividade de ambas, a uma mesma concentração, como foi 

observado para o peptídeo 3Cb-Dim é um fato inédito, especialmente por se tratar 

de um análogo do CcdB, cuja atividade inibitória foi descrita como sendo superior 

a 15 µM, para ambas as enzimas (SMITH & MAXWELL, 2006). 

 

FIGURA 17. Inibição da atividade de relaxamento da topoisomerase IV dos 
análogos 2Sb e 3Cb-Dim a 15 μM. Volume de reação de 30 µL contendo: (coluna 
A) plasmídeo pBr322 superenovelado controle; (coluna B) plasmídeo pBr322 
superenovelado e topoisomerase IV (1U) na ausência de inibidor; (colunas C e D) 
plasmídeo pBR322 superenovelado, topoisomerase IV (1 U) e análogos 2Sb e 
3Cb-Dim, respectivamente. 

  

                                            

 

Fonte: Elaborada pelo próprio autor. 
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Havia sido reportado um estudo empregando a albicidina, um inibidor da 

atividade da DNA girase, considerado mais potente que muitas quinolonas e 

cumarinas, mostrando que a capacidade de inibição da atividade da 

topoisomerase IV foi cerca de 10 vezes inferior àquela observada para a DNA 

girase (HASHIMI e col, 2007). Conclui-se, portanto que inibidores típicos da DNA 

girase, não inibem ou inibem com menor eficiência as reações catalisadas pela 

topoisomerase IV. 

 Contrariamente, os análogos peptídicos 3Cb e 3Cb-Dim, resultaram em 

eficiências inibitórias equivalentes para as duas enzimas. Trata-se de uma 

característica desejável, uma vez estes compostos, potencialmente poderiam 

atuar como agentes antimicrobianos mais efetivos, capazes de inibir a ação de 

duas enzimas com perfis de atividade distintos. 

 Outros trabalhos envolvendo análogos de CcdB com atividade inibitória 

frente às enzimas DNA girase e topoisomerase IV foram conduzidos pelo nosso 

grupo de pesquisa e os resultados puderam ser publicados nas revistas Journal of 

Peptide Science (Marchetto R.; Garrido, S.S.; Delfino, D.B.; Garcia, A.; Barbosa, 

L.C.B., 2010 – Anexo 3) e Química Nova (Garrido, S.S.; Cotrin, C.A.; Trovatti, E.; 

Marchetto, R., 2010 – Anexo 4). 

 

2.2. Análogos de CcdB biologicamente ativos e as barreiras 

terapêuticas 

Algumas características particulares que podem estar relacionadas a 

alguns peptídeos, tais como: extensão da cadeia de aminoácidos, baixa 

solubilidade em solução aquosa, existência de carga efetiva, alta complexidade 

estrutural, entre outras, geram uma série de dificuldades para a aplicação 

terapêutica relacionada a esta classe de biomoléculas. 

Começamos a notar tal dificuldade quando iniciamos os estudos de 

inibição de crescimento microbiano em meio líquido, em que submetíamos os 

peptídeos derivados estruturalmente do CcdB em ensaios com bactérias. Nestes 

ensaios a atividade antimicrobiana dos peptídeos era avaliada pela análise do 

crescimento bacteriano, em meio líquido, estimado através da determinação 
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turbidimétrica do meio de cultura pós-incubação, na presença dos diferentes 

peptídeos, e comparativamente aos controles positivo e negativo de crescimento, 

sendo que para este último, o antibiótico comercial ciprofloxacina era utilizado 

para certificar a eficiência do método.  

Os primeiros testes foram realizados com os peptídeos que demonstraram 

bons resultados na inibição da atividade tanto da DNA girase, quanto da 

topoisomerase IV. Avaliando os dados demonstrados na Figura 18, observa-se 

que nenhum dos peptídeos testados (2Sb e 3Cb), foi capaz de inibir o 

crescimento das enterobactérias, independentemente da espécie testada, nas 

condições empregadas e comparativamente à ciprofloxacina (antibiótico comercial 

utilizado como padrão em estudos de inibição da DNA girase). Para os outros 

peptídeos testados, o comportamento observado foi semelhante, ou seja, nenhum 

deles apresentou capacidade de inibir o crescimento bacteriano, quando livres em 

solução.  

Interessante é que os análogos 2Sac e 2Sbc (Figura 10), derivados de 2Sa 

e 2Sb, contendo uma sequência N-terminal denominada carreadora, também não 

apresentaram inibição bacteriana. A inclusão da sequência carreadora tinha, por 

finalidade, facilitar a penetração desses peptídeos para o interior das células 

bacterianas, o que permitiria que os mesmos alcançassem seu alvo principal, a 

DNA girase, o que não foi observado, nas condições de ensaio. Além disso, a 

inserção da sequência carreadora, resultou em uma queda sensível na atividade 

inibitória de ambos 2Sa e 2Sb, frente a reação catalisada pela DNA girase, 

conforme observado nos estudos de eletroforese em gel de agarose. 

Independentemente dos peptídeos ensaiados, em geral observava-se que 

nenhum era capaz de reproduzir o efeito inibitório esperado e observado nos 

experimentos de eletroforese em gel. Uma das hipóteses levantadas por nós seria 

a grande probabilidade de os peptídeos não serem capazes de atingir o seu alvo 

intracelular, as enzimas DNA girase e topoisomerase IV. Deste modo, 

começamos a pensar em uma forma de estabilizá-los em solução e, ao mesmo 

tempo, possibilitar a translocação dos mesmos através da membrana. 
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FIGURA 18. Crescimento bacteriano (%) avaliado na presença de alguns 
análogos peptídicos de CcdB. Comprimento de onda da leitura 595 nm; volume 
100 µL por amostra. 
E.c K100 - Escherichia coli K-100; EHEC - Escherichia coli O:157H:7; Streptococcus agalactiae. 

        

    

 

Fonte: Elaborada pelo próprio autor. 
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Diante deste contexto, nosso grupo de pesquisa passou a desenvolver 

estudos que visam encontrar métodos, sistemas ou mecanismos que sejam 

suficientemente adequados e eficientes para estabilizar moléculas peptídicas em 

solução e promover a acessibilidade dessas moléculas ao meio intracelular e, 

consequentemente, aos seus respectivos alvos como as enzimas DNA girase e 

topoisomerase IV. 

Nos últimos anos, estudos envolvendo a procura por novos sistemas de 

bioencapsulação e liberação controlada de fármacos, também conhecido pelo 

termo “drug delivery systems” (DDS), vem sendo foco de muitos grupos de 

pesquisa de diferentes áreas, principalmente pela possibilidade de se estabelecer 

alternativas terapêuticas mais eficientes, as quais possibilitem administrar 

fármacos com diversas aplicações tais como antitumoral, antibiótica, antifúngica 

entre outras, com mais segurança e com efeitos colaterais minimizados. Dentre 

os diferentes tipos de sistemas de bioencapsulação e liberação de fármacos, 

ganharam destaques nos últimos anos, aqueles que possibilitam a formação de 

sistemas com tamanhos de partículas nanoestruturadas, como é o caso dos 

lipossomas.    

Lipossomas foram descritos em 1965 e logo foram propostos como 

sistemas de liberação controlada de fármacos. Podem ser definidos como 

associações coloidais de lipídeos anfipáticos, que se organizam 

espontaneamente em estruturas fechadas do tipo “concha esférica”, onde uma ou 

mais bicamadas fosfolipídicas envolvem parte do solvente em seu interior 

(CHORILLI et al., 2007). Podem ser preparados a partir de misturas lipídicas 

naturais, ou a partir de lipídeos sintéticos disponíveis comercialmente. 

Lipossomas podem ser classificados em termos de tamanho, número de lamelas 

(e sua posição relativa), constituição lipídica (o que também condiciona a sua 

carga), estabilidade e modo de preparação (LICHTENBERG & BARENHOLZ, 

1988). 

A partir da década de 80, foi adotada uma nomenclatura para os 

lipossomas baseada no número de bicamadas lipídicas (lamelas) e tamanho 

(SZOKA & PAPAHADJOPOULOS, 1980).  
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Dentre os lipossomas, os mais utilizados como sistemas de liberação de 

fármacos, são as vesículas unilamelares grandes ou LUV (large unilamellar 

vesicles), de diâmetro superior a 100 nm, bem como as vesículas unilamelares 

pequenas ou SUV (small unilamellar vesicles), com diâmetros inferiores a 100 nm. 

A Figura 19 representa de maneira esquemática os vários tipos de lipossomas. 

 

Figura 19. Representação esquemática de lipossomas. Em (a) modelo de 
lipossomas unilamelar e multilamelar. Em (b) mostrando a base de sua 
classificação em termos de tamanho, número de lamelas e sua posição relativa. 

                              

 

Fonte: Elaborada pelo próprio autor. 

 

 Dentre os diferentes tipos e tamanhos de lipossomas, escolhemos para 

nossos estudos os do tipo SUV, sendo preparados pelo método de extrusão em 

membrana de policarbonato com porosidade específica ao tamanho que se 

pretende obter os lipossomas, sendo que para a maior parte dos estudos 

conduzidos, utilizou-se membranas com poros de 100 nm. 

 Boa parte dos estudos realizados com lipossomas foram tema da 

dissertação de mestrado da aluna Isabelle Cavalini de Oliveira que trabalhou com 

o análogo de CcdB 3Cb, o qual passou a ser denominado CcdBSG-2, bem como 

de outros peptídeos desenvolvidos pelo grupo.  

 Os primeiros ensaios de inibição de crescimento microbiano em meio 

líquido já puderam demonstrar que o sistema lipossomal funcionava para 

promover o transporte dos peptídeos até seu alvo celular. Esta suposição era 

baseada no fato de ao associar os peptídeos ao lipossoma, nota-se a inibição de 

crescimento do micro-organismo em quantidades significativas, o que não era 

observado quando o ensaio era feito com os peptídeos livres em solução, ou até 

b a 
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mesmo quando eram feitos apenas com os lipossomas na ausência dos 

peptídeos.  

No entanto muito precisava ser estudado acerca deste tipo de ensaio, a 

começar pela técnica de detecção do crescimento bacteriano, que não mais 

poderia ser feita por turbidimetria, já que os lipossomas por possuírem em sua 

composição uma mistura de lipídeos, os mesmos interferiam na análise 

turbidimétrica, a qual passou a ser ineficiente para esta metodologia.  

Primeiramente decidiu-se por avaliar a atividade antimicrobiana dos 

peptídeos encapsulados em lipossoma, em meio líquido, através de uma técnica 

qualitativa de detecção do crescimento bacteriano. Esta técnica, que é 

colorimétrica, emprega como indicador de crescimento celular, o reagente 

resazurina, um componente do “Alamar Blue®” que vem sendo utilizado com 

sucesso há muitos anos na detecção da viabilidade celular, como um meio 

alternativo de análise de testes em microplacas (YAJKO e col., 1995; MARTIN e 

col., 2003). 

 A resazurina é um composto que funciona como substrato cromogênico de 

desidrogenases, e age como indicador de reações de oxi-redução, apresentando 

coloração azul em sua forma oxidada, um intermediário rosa ou vermelho e um 

composto pouco colorido em sua forma reduzida, como mostra a Figura 20.  

 

FIGURA 20. Estruturas da resazurina oxidada, semi-reduzida e reduzida. 

 

         resazurina-N-óxido                resofurina                   diidroresofurina 

                    (azul)             (rosa/vermelho)          (pouco colorido) 
 

Fonte: Elaborada pelo próprio autor. 

 

 A redução da resazurina é provocada por flavinas ligadas a enzimas 

relacionadas com o sistema de transporte durante o metabolismo celular. Desta 

forma, os meios de cultura contendo estes metabólitos, resultantes do 

crescimento microbiano, são capazes de reduzir a resazurina em cerca de duas 
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horas de incubação produzindo as formas reduzidas resofurina e a 

diidroresofurina, o que é dependente do grau de redução, evidenciando o 

crescimento bacteriano. A resazurina não reduzida apresenta coloração azul, o 

que indica ausência de crescimento bacteriano no meio (Figura 21). 

   

FIGURA 21. Exemplo de teste de crescimento bacteriano em meio líquido 
avaliado visualmente pela mudança de cor do indicador resazurina. Coluna A -
controle positivo de crescimento; coluna B - controle negativo de crescimento 
utilizando ciprofloxacino; Linha 1- Escherichia coli O:157H:7; Linha 2- 
Escherichia coli  k100; Linha 3- Streptococcus  agalactiae. Volume de 200 µL por 
amostra. 
 

                                        

Fonte: Elaborada pelo próprio autor. 

    

 A princípio esta metodologia parecia ser interessante para avaliação da 

eficiência de nossos sistemas, no entanto percebemos que havia um problema 

nesta metodologia. Por se tratar de um método qualitativo visual, a utilização da 

resazurina como indicador do crescimento microbiano muitas vezes gerava um 

resultado não representativo da real capacidade de inibição do sistema 

lipossomal.     

 Nos casos em que o sistema demonstrava capacidade inibitória parcial do 

crescimento do micro-organismo testado, muitas vezes a coloração encontrada na 

solução era muito parecida com a coloração do controle positivo de crescimento. 

Nestes casos, mesmo havendo um percentual de células mortas no meio, as que 

foram resistentes mantiveram seu metabolismo ativo, produzindo metabólitos 

capazes de reduzir a resazurina presente no meio, gerando um resultado que não 

representava a inibição parcial de crescimento microbiano.  

 A  B 

 Linha 1 

 Linha 2 

 Linha 3 
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 A partir deste momento, tivemos que propor uma metodologia mais 

adequada para ser utilizada com a finalidade de indicar quantitativamente o 

porcentual de células viáveis que restariam no meio líquido após incubação com 

os sistemas lipossomais contendo os peptídeos derivados do CcdB. 

 Com base em um trabalho publicado por Wang e colaboradores em 2010, 

desenvolvemos uma metodologia reprodutível que utiliza o sal brometo de 3-(4,5-

dimetiltiazol-2-il)-2,5-difeniltetrazólio (MTT), o qual é um corante amarelo solúvel 

em água que pode ser reduzido pelo sistema desidrogenase de células ativas 

produzindo cristais de formazan de coloração púrpura que são insolúveis em 

água. Os cristais de formazan formados podem ser quantificados 

espectrofotometricamente por dissolução em um solvente orgânico 

(dimetilsulfóxido – DMSO), e a concentração é diretamente proporcional ao 

número de células metabolicamente ativas na cultura. 

 Esta metodologia permitia separarmos o meio líquido contendo as células e 

também os resíduos de degradação dos sistemas lipossomais que poderiam 

interferir na quantificação.  Através desta metodologia, o importante era 

quantificar o cristal de formazan insolúvel que era produzido como resposta da 

atividade celular. Se nosso sistema estivesse inibindo o crescimento do micro-

organismo, uma menor quantidade de cristal de formazan seria quantificado, 

indicando uma menor quantidade de células viáveis no meio. 

 Após realizados muitos ensaios microbiológicos com nossos sistemas 

lipossomais utilizando esta metodologia, pudemos observar uma boa 

reprodutibilidade dos resultados. Com isso, resolvemos escrever um artigo com 

esta metodologia, o qual foi publicado na revista Eclética Química (Garrido, S.S.; 

Oliveira, I.C.; Zambom, C.R.; Vaz, A.B.S.; Marchetto, R.; Barbosa, L.C.B., 2015 – 

Anexo 5). 

 Um exemplo dos resultados obtidos nos ensaios de inibição de 

crescimento microbiano a partir desta metodologia pode ser observado na Figura 

22. Neste ensaio, foi realizado um estudo comparativo entre dois análogos de 

CcdB, denominados CcdBET-2 e CcdBSG-2, cujas estruturas primárias estão no 

quadro da Figura 22. Os peptídeos testados foram incorporados em diferentes 

formulações de lipossomas, cuja composição está descrita na Tabela 1.  
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FIGURA 22. Resultado do ensaio de inibição de crescimento da enterobactéria 
Escherichia coli O:157H:7 (EHEC). Cada agrupamento de barras representa um 
teste realizado com uma formulação de lipossoma encapsulada a um dos 
peptídeos testados (CcdBET-2 ou CcdBSG-2). As cores das barras representam 
respectivamente o controle positivo de crescimento; o controle negativo de 
crescimento utilizando ciprofloxacina; os volumes adicionados de solução de 
lipossomas contendo o peptídeo encapsulado utilizado em cada teste variando de 
10 µL, 50 µL, 100 µL e 150 µL; aplicação de 100 µL de solução de lipossomas 
preparado na ausência dos peptídeos (lipossoma branco) e aplicação de solução 
de peptídeo livre em solução na concentração de 100 µM. aplicação de 100 µL 
 

 
   

 

Fonte: Elaborada pelo próprio autor. 

 

Tabela 1. Composição lipídica dos lipossomas utilizados nos estudos*. 

 DPPC Chol SA PEG PG 

(+) Lipossoma 10 2 1 - - 

(PEG) Lipossoma 10 2 - 1 - 

(Ø) Lipossoma 10 2 - - 1 

(+) Lipossoma sem colesterol 10 - 1 - - 

*Cada valor está expresso como uma proporção molar. DPPC=dipalmitoilfosfatidilcolina de soja; 

Chol=colesterol; SA=estearilamina; PEG=polietilenoglicol; PG=Lα-palmitoil-glicerol 

 

Fonte: Elaborada pelo próprio autor. 
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Em linhas gerais, houve inibição de crescimento relevante em todos os 

ensaios realizados, indicando que o sistema peptídeo-lipossoma é eficaz e efetivo 

para causar a morte dessa espécie bacterina. Observa-se que há uma quantidade 

significativa de células que não sobreviveram, principalmente para as formulações 

neutra e PEG quando utilizados quantidades de lipossomas correspondentes a 50 

e 100 µL. Estes resultados não dariam para ser observado pelo método qualitativo 

colorimétrico que era anteriormente utilizado, já que a quantidade de células 

viáveis no meio, mesmo quando em baixa quantidade, poderiam promover a 

redução da resazurina, indicando a não eficiência do sistema lipossomal contendo 

os peptídeos. No entanto o que se observa é que os lipossomas são 

relativamente eficientes para promover a fusão com a membrana bacteriana, 

permitindo a liberação dos peptídeos no meio citoplasmático, causando assim a 

morte celular. 

 

2.3. Estudos estruturais e de atividades biológicas de 
metalopeptídeos estruturalmente derivados de CcdB.  

 

Estudos recentes vêm mostrando a capacidade de síntese de uma nova 

classe de moléculas denominada metalopeptídeos, a qual um íon metálico é 

incorporado a um peptídeo, formando assim um complexo estável. Além da 

formação desse complexo estável, os íons metálicos incorporados aos peptídeos 

geralmente mostram um aumento da interação das moléculas de peptídeos com 

seu alvo celular, em especial no caso de o alvo ser uma proteína (MALIPEDDI & 

JAMBUINGAM, 2013; PURI e col., 2015). De modo geral, os complexos metálicos 

parecem exercer sua capacidade inibitória frente as enzimas a partir de uma 

reação de substituição de ligantes com seus alvos biomoleculares, na qual os 

íons metálicos podem se ligar aos átomos de nitrogênio, enxofre ou selênio 

presentes nos resíduos de histidina, cisteína ou selenocisteína das proteínas, 

exercendo assim seus efeitos terapêuticos (CHE & SIU, 2010). 

Neste sentido, motivado pelo recente estágio que havia realizado no 

exterior, bem como com a chegada do aluno de mestrado Caio Silveira Fermiano 

de Proft, propusemos um projeto que envolve a complexação de íons metálicos 
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ao peptídeo mimético da toxina CcdB, denominado CcdBSG-2 (quadro da Figura 

22). 

Desde a demonstração da atividade antitumoral do complexo cisplatina, 

[PtCl2(NH3)2], em 1965, diversos novos fármacos envolvendo a incorporação de 

metais foram desenvolvidos e são utilizados até hoje na clínica médica, como os 

complexos de ouro aplicados no tratamento à artrite reumatoide; o nitroprussiato 

de sódio, um complexo de ferro (III) eficaz no tratamento da hipertensão; 

carbonato de lítio, fármaco com ação antidepressiva, entre outros (ROCHA e col., 

2011). 

Estudos envolvendo a adição de uma região que permite a ligação de 

cobre e níquel em peptídeos antimicrobianos sintéticos e naturais, conhecida 

como ligação amino terminal Cu(II) e Ni(II) (ATCUN), revelaram que estes tornam-

se quatro vezes mais potentes comparados com o peptídeo livre em testes contra 

bactérias e que o provável mecanismo de ação dessa ligação metal-ATCUN é a 

clivagem do DNA ou proteínas a partir da produção de radicais hidroxila 

(HARFORD & SARKAR, 1997) . 

A incorporação de metais em fármacos, portanto, pode ser um grande 

potencial para o desenvolvimento de novas drogas contra diversas enfermidades, 

aumentando muitas vezes o potencial dessas drogas já existentes ou até mesmo 

modificando a forma de ação destas. Diante desta perspectiva, elaboramos um 

projeto em que o íon metálico Cu(II) e o lantanídeo Tb(III) foram utilizados para a 

incorporação com o peptídeo CcdBSG-2, pois, em estudos realizados 

anteriormente (estágio no exterior), estes metais foram os que apresentaram os 

melhores resultados no que diz respeito à cinética de formação do complexo e às 

alterações nos espectros de emissão de fluorescência do peptídeo na presença 

do metal, além de possuírem capacidade de interagir com diversos grupos 

positivos presentes no peptídeo.  

Os resultados obtidos neste projeto demonstram que a complexação do 

peptídeo CcdBSG-2 com os metais Tb(III) e Cu(II) ocorre quando são adicionados 

três equivalentes molares dos metais com relação ao peptídeo e a cinética de 

estabilização do metalopeptídeo formado é de aproximadamente 30 minutos em 

solução aquosa.  
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Os resultados obtidos nos ensaios de inibição enzimática utilizando 

eletroforese em gel de agarose mostraram que o peptídeo CcdBSG-2 (Figuras 23 

e 24), seus metalopeptídeos, Cu(II)-CcdBSG-2 e Tb(III)-CcdBSG-2 (Figuras 25 e 

26) são capazes de inibir as enzimas DNA girase e Topoisomerase IV. No 

entanto, foi possível observar que os complexos de CcdBSG-2 com ambos os 

metais foram capazes de inibir totalmente a ação das enzimas a partir de uma 

concentração de 50 μM, o que representa um ganho real de mais de 50% de 

atividade inibitória em relação ao peptídeo CcdBSG-2 sem a presença dos 

metais. Estes resultados representam um grande potencial para a exploração da 

capacidade de aplicação dessa nova classe de peptídeos para o combate de 

micro-organismos de interesse na área de saúde humana e animal. 

 

Figura 23. Inibição da atividade de superenovelamento da DNA girase pelo 
CcdBSG-2. Volume de reação de 30 µL, contendo: (linha A) controle negativo 
contendo apenas plasmídeo pBR322 no estado relaxado; (linha B) controle 
positivo contendo plasmídeo pBR322 relaxado e DNA girase (1U); (linhas C) 
plasmídeo pBR322 relaxado, DNA girase (1U), e o peptídeo CcdBSG-2. Os 
números 1, 2, 3, 4, 5 e 6 correspondem às concentrações 250, 200, 150, 100, 50 
e 25 μmol/L, respectivamente. 

 

 

Fonte: Proft, C.S.F. (2019) 
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Figura 24. Inibição da atividade de relaxamento da Topoisomerase IV pelo 
CcdBSG-2. Volume de reação de 30 µL, contendo: (linha A) controle negativo 
contendo apenas plasmídeo pBR322 superenovelado; (linha B) controle positivo 
contendo plasmídeo pBR322 superenovelado e Topoisomerase IV (1U); (linhas C) 
plasmídeo pBR322 superenovelado, Topoisomerase IV (1U), e o peptídeo 
CcdBSG-2. Os números 1, 2, 3, 4, 5 e 6 correspondem às concentrações 250, 
200, 150, 100, 50 e 25 μmol/L, respectivamente. 

 

Fonte: Proft, C.S.F. (2019) 

 

 
Figura 25. Inibição da atividade de superenovelamento da DNA girase pelo 
complexo Cu(II)-CcdBSG-2 em (A) e pelo complexo Tb(III)-CcdBSG-2 em (B). Em 
ambas as imagens o volume de reação utilizado foi de 30 µL, contendo: (linha A) 
controle negativo contendo apenas plasmídeo pBR322 no estado relaxado; (linha 
B) controle positivo contendo plasmídeo pBR322 relaxado e DNA girase (1U); 
(linhas C) plasmídeo pBR322 relaxado, DNA girase (1U), e os complexos de 
CcdBSG-2. Os números 1, 2, 3, 4, 5 e 6 correspondem às concentrações 250, 
200, 150, 100, 50 e 25 μmol/L, respectivamente. 

 

Fonte: Proft, C.S.F. (2019) 
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Figura 26. Inibição da atividade de relaxamento da Topoisomerase IV pelo 
complexo Cu(II)-CcdBSG-2 em (A) e pelo complexo Tb(III)-CcdBSG-2 em (B). Em 
ambas as imagens o volume de reação utilizado foi de 30 µL, contendo: (linha A) 
controle negativo contendo apenas plasmídeo pBR322 no estado 
superenovelado; (linha B) controle positivo contendo plasmídeo pBR322 
superenovelado e Topoisomerase IV (1U); (linhas C) plasmídeo pBR322 
superenovelado, Topoisomerase IV (1U), e os complexos de CcdBSG-2. Os 
números 1, 2, 3, 4, 5 e 6 correspondem às concentrações 250, 200, 150, 100, 50 
e 25 μmol/L, respectivamente. 

 

Fonte: Proft, C.S.F. (2019) 

 

3. As bacteriocinas e suas aplicações na área de alimentos  

As bacteriocinas são peptídeos antimicrobianos (PAMs) sintetizadas no 

ribossomo da maioria das bactérias e que têm a capacidade de inibir o 

crescimento de outras espécies bacterianas. Possuem diversas estruturas 

químicas e o seu papel na imunidade inata é essencial. Estes peptídeos são 

geralmente pequenos (3-10 kDa) e são inativados por enzimas proteolíticas. 

Sabe-se, também, que de uma única bactéria, podem ser produzidos diversos 

peptídeos com estas características (AUNPAD & NA-BANGCHANG, 2007). 

Os estudos envolvendo bacteriocinas foram motivados pela chegada da 

aluna de doutorado Aline Buda dos Santos Vaz que possuía formação em 

zootecnia e gostaria de desenvolver um trabalho voltado para sua área de 

formação.  

As bacteriocinas começaram a ser investigadas a partir de 1925 com 

Gratia, pesquisador que fez a descoberta das colicinas produzidas por 

Escherichia coli (FREDERICQ, 1957). Devido ao seu potencial de aplicação como 

conservante natural, um elevado número de bacteriocinas têm sido identificadas e 
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caracterizadas, principalmente aquelas produzidas por bactérias lácticas 

(LEWUS, 1991). 

Por serem descritas como conservantes naturais, a utilização de 

bacteriocinas em alimentos é muito promissora, além disso, vem sendo 

observado uma redução no potencial inibitório de alguns conservantes químicos 

devido ao aparecimento de cepas microbianas multirresistentes, principalmente 

após o uso contínuo desses compostos. Neste sentido, há um grande interesse 

por parte da indústria sobre o potencial de utilização de bacteriocinas como 

conservantes de alimentos, os quais apresentam mecanismos de ação 

específicos e alternativos aos agentes químicos, impossibilitando assim a 

resistência microbiana (RODRIGUES, 2010). 

A segurança microbiológica dos alimentos é uma questão de saúde pública 

que se torna cada vez mais importante. Governos em todo o mundo estão 

intensificando seus esforços para garantir a produção de alimentos seguros, em 

resposta ao crescente aumento de doenças transmitidas por alimentos (DTAs) 

(TAYLOR et al., 2012). De acordo com dados atuais do Ministério da Saúde 

(MS)/Sistema de Informação de Agravos de Notificação (SINAN) entre os agentes 

etiológicos responsáveis pelos surtos de DTAs de entre os anos de 2007 a 2017 

no Brasil, foram 95,9% causado por bactérias, como, E. coli, Salmonella spp., 

Staphylococcus aureus, Bacillus cereus, Coliformes e Clostridium perfringens, 

7,7% foram causados por vírus como rotavírus, norovirus e vírus da hepatite A, 

1,8% por agentes químicos e 1,2% por protozoários (SINAN, 2017). 

O perfil epidemiológico das enfermidades transmitidas por alimentos, 

mudou na última década devido à: expansão dos mercados de consumo, 

globalização econômica, alterações dos hábitos alimentares, aumento no 

consumo de alimentos industrializados ou produzidos fora do lar, intensificação da 

produção, o que dificulta o controle das DTAs pelas autoridades de saúde pública 

(CARDOSO & ARAÚJO, 2003). 

Como exemplo, podemos citar a ocorrência de infecções alimentares em 

seres humanos ocasionadas por microrganismos do gênero Salmonella, a qual 

continua sendo um dos principais problemas para a avicultura. A ingestão de 
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alimentos e água contendo células viáveis da bactéria é a via mais comum de 

infecção do hospedeiro (OMWANDHO & KUBOTA, 2010). 

Outras bactérias frequentemente envolvidas em infecções alimentares 

humanas são as integrantes do gênero Listeria spp. Entre essas, a Listeria 

monocytogenes é a única espécie desse gênero que é patogênica para humanos. 

A listeriose lidera o posto de doenças associadas a alimentos que causam maior 

número de mortes e hospitalizações (91%), envolvendo principalmente gestantes, 

recém-nascidos e pessoas imunocomprometidas (EFSA, 2007). 

Surtos de DTAs resultam em um grande número de pessoas doentes e o 

"recall" de produtos alimentícios (recolhimento e substituição de lotes de produtos 

alimentícios contaminados) pode reduzir a confiança dos consumidores, 

diminuindo a demanda por esses produtos e resultando em perdas econômicas 

significativas para todas as partes da cadeia de abastecimento (BERGER et al., 

2010). 

Diante deste cenário, existe um grande esforço por parte dos 

pesquisadores de áreas multidisciplinares em buscar metodologias alternativas 

para a proteção do alimento e com a garantia da saúde do consumidor final deste 

alimento, que vão desde melhoramentos e desenvolvimento de boas técnicas de 

produção, bem como na conservação dos alimentos. 

 

3.1. Nossa contribuição nos estudos envolvendo bacteriocinas 

 Vários estudos com bacteriocinas são realizados para avaliar o potencial 

das mesmas como conservantes de alimentos. Devido à sensibilidade de algumas 

bacteriocinas à degradação por enzimas proteolíticas bem como pelo fato de não 

alterarem a microflora intestinal, são consideradas seguras para serem aplicadas 

em alimentos (MORENO et al., 2000).  

Consequentemente, a possibilidade de aplicação desta classe de 

peptídeos antimicrobianos como conservantes naturais que não apresentem 

efeito tóxico, torna-se de grande interesse para a comunidade científica, 

principalmente porque são considerados seguros para a saúde humana e animal.  

Dentro deste contexto, uma classe em específico de bacteriocinas nos 

chamou bastante atenção e motivou a elaboração de dois projetos de pesquisa, 
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sendo um para o doutoramento da aluna Aline Buda dos Santos Vaz e outro de 

mestrado da aluna Jesseleine Cristine Monteiro da Silva, as quais propuseram 

investigar a atividade biológica de peptídeos derivados de uma classe específica 

de bacteriocinas que são naturalmente produzidas por bactérias ácido láticas 

(BALs). Pelo fato das BALs produtoras de bacteriocinas ocorrerem naturalmente 

em alimentos fermentados, a adição desta classe de peptídeos antimicrobianos 

como aditivos alimentares pode ser mais facilmente aceita pelas autoridades de 

saúde e pelos consumidores (LEE & KIM, 2011). 

As leucocinas são peptídeos antimicrobianos sintetizados no ribossomo, de 

bactérias ácido láticas como, por exemplo, Lactococcus, Lactobacillus e 

Leuconostoc. Estes peptídeos são capazes de matar ou inibir outras espécies 

bacterianas, geralmente pela formação de poros na membrana celular ou inibindo 

a síntese da membrana celular (WAN et al., 2015). As leucocinas são efetivas 

contra agentes patogênicos alimentares presentes naturalmente nos alimentos. 

Dessa forma, podem atuar na preservação de alimentos já que esses compostos, 

além de serem de origem natural, são geralmente reconhecidos como seguros 

(CHALÓN et al., 2012). 

As leucocinas fazem parte da classe II das bacteriocinas, que são 

produzidas por cepas de bactérias Leuconostoc, que já vem sendo utilizadas na 

indústria de alimentos como culturas "starters" e protetoras. A classe II das 

bacteriocinas pode ser subdividida em quatro subclasses como: as bacteriocinas 

semelhantes a pediocina (classe IIa); bacteriocinas de dois componentes (classe 

IIb); bacteriocinas circulares (classe IIc); as bacteriocinas não modificadas, 

lineares, e não semelhantes a pediocina (classe IId) (PEREZ et al., 2014).  

Como exemplo de leucocinas, podemos citar as leucocinas A e C da classe 

IIa e leucocina B pertencente à classe IIb. A bactéria Leuconostoc mesenteroides 

TA33a é capaz de produzir essas três leucocinas (WAN et al., 2015). Na Figura 

27, é possível observar as diferentes bacteriocinas da classe II e suas respectivas 

sequencias de aminoácidos.  

 

 

 



Parte II: Aplicação de peptídeos sintéticos na área da saúde                        57 
_________________________________________________________________________ 
 

 

 

Figura 27. Sequência de aminoácidos de bacteriocinas da classe II produzidas 
por bactérias da espécie Leuconostoc. 

 

Fonte:  Papathanasopoulos et al. (1998). 

 

Há indícios de que as leucocinas, exibam atividades antimicrobianas 

específicas e, acima de tudo, que as exerçam através de mecanismos de ação 

alternativos aos conservantes químicos disponíveis, devido à alta especificidade 

que essa classe de biomoléculas apresenta em relação ao seu alvo celular, além 

de não serem potencialmente tóxicos ao organismo humano (RODRIGUES, 

2010). Esta é uma característica interessante para aplicação como conservantes 

alimentares, o que diferencia as leucocinas de outras classes de PAMs relatados 

na literatura como hilina a1 (CRUSCA et al., 2011), aureina e mangainina 

(LORENZON, 2015), que apresentam boa atividade antimicrobiana, porém 

acompanhada de alta toxicidade.  

 

3.2. Peptídeos derivados de leucocinas e atividades biológicas 

Neste sentido, desenvolvemos alguns peptídeos baseados nas estruturas 

das Leucocinas TA33a (Figura 27), com o objetivo de realizar estudos 

comparativos quanto à capacidade de inibição dos diferentes peptídeos frente às 
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topoisomerases bacterianas (DNA girase e topoisomerase IV) a fim de explorar 

um dos possíveis mecanismos de ação desses peptídeos, bem como avaliar a 

atividade in vitro de inibição de crescimento contra Listeria monocytogenes, 

Escherichia coli O157:H7, Staphylococcus aureus, Pseudomonas aeruginosa e 

Salmonella sorovar Typhimurium, os quais são micro-organismos importantes na 

área de contaminação alimentar. 

 

Figura 28. Predição da estrutura secundária de leucocinas A-, B- e CTA33a. 
 
 
LeuA-TA33a    KYYGNGVHCTKSGCSVNWGEAFSAGVHRLANGGNGFW 
                          -bb - - - -bbbb - - - - -b - - - -hhhhhhhhhb- - - - - - - -bb  
 
LeuB-TA33a        KGKGFWSWASKATSWLTGPQQPGSPLLKKHR 
                              - - - - -bbbhh- - - - - -bbb- - - - - - - - - -bhh- - - 
 
LeuC-TA33a        KNYGNGVHCTKKGCSVDWGYAATNIANNSVMNGLTG 
                              - - - - - - - b - b - - - - - -b - b - bbb - - - - - - - b bh - - - -                     

b= β-sheet       h= α-hélice 
 

Fonte:  Adaptado de Papathanasopoulos et al. (1998). 

 

As sequências peptídicas sintetizadas (Tabela 2) foram projetadas 

levando-se em consideração algumas características estruturais destas 

leucocinas. O peptídeo LeuB foi sintetizado na íntegra baseado na sequência de 

aminoácidos da Leucocina B-TA33a para análise comparativa com uma estrutura 

de uma leucocina nativa.  

O peptídeo LeuA1 apresenta em sua estrutura os aminoácidos que se 

estruturam em cadeia β da porção N-terminal e também os aminoácidos que se 

estruturam como a única α-hélice da leucocina A-TA33a. Acredita-se que este 

peptídeo possa interagir através de uma dessas regiões, com as topoisomerases 

bacterianas, principalmente pela estrutura em α-hélice, a qual se assemelha com 

outros inibidores proteicos dessa enzima, como é o caso da toxina CcdB, já 

descrita na literatura (LORIS et al.,1999).  

O peptídeo LeuAB2 foi projetado contendo os aminoácidos que se 

estruturam em α-hélice da leucocina A-TA33a, juntamente com os aminoácidos 

que se estruturam em α-hélice da leucocina B-TA33a. Com isso, uniram-se duas 
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regiões distintas de duas proteínas diferentes para avaliar seu efeito de interação 

e possível inibição de topoisomerases bacterianas.  

O objetivo do design desses peptídeos foi produzir moléculas menores 

contendo algumas regiões específicas de leucocinas nativas, mas que mantenha, 

ou mesmo, apresente uma maior capacidade antimicrobiana.  

 

Tabela 2.  Estrutura primária dos peptídeos derivados das leucocinas que foram 
sintetizados e utilizados em alguns dos nossos estudos. 

   Nome do Peptídeo Sequência Primária de Aminoácidos 

LeuB KGKGFWSWASKATSWLTGPQQPGSPLLKKHR 

LeuA1 YGNGVHCTKWGEAFSAGVHRLA 

LeuAB2 GFWSWAAFSAGVHR 

 

Fonte: Elaborada pelo próprio autor. 

 

Após a síntese dos derivados de leucocinas, os mesmos seguiram para 

avaliação de capacidade de inibição de crescimento de espécies bacterianas de 

interesse no campo de contaminação alimentar, ou seja, avaliar a ação dos 

peptídeos diretamente nos micro-organismos que possam contribuir para um 

processo de contaminação do alimento. Com isto podemos avaliar se é possível 

ou não a aplicação de um peptídeo antimicrobiano para a conservação de um 

alimento. 

Durante a evolução destes ensaios microbiológicos, foi possível observar 

que houve uma ação antimicrobiana elevada, havendo diferença significativa para 

todas as concentrações que foram testadas (Tabelas 3 a 7).  

Para as bactérias Gram-negativas Escherichia coli O157:H7 e Salmonella 

Typhimurium, foi possível observar que o peptídeo LeuB apresentou maior 

atividade antimicrobiana, inibindo respectivamente 69% e 71%, dos micro-

organismos viáveis na maior concentração utilizada. O análogo LeuAB2 foi capaz 

de inibir 91% das células viáveis da espécie Pseudomonas aeruginosa, inibindo 

91% na maior concentração testada.  

No caso das bactérias Gram-positivas, o peptídeo LeuA1 foi o que 

demonstrou ter maior propriedade antimicrobiana, inibindo 79% das células 
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viáveis de Listeria monocytogenes e 96% de Staphylococcus aureus, na maior 

concentração testada.  

A relação entre o aumento da concentração de peptídeo e a inibição do 

crescimento bacteriano é bem evidenciada, sendo assim, os percentuais de 

inibição encontrados demonstraram que a atividade sobre o crescimento 

bacteriano é proporcional ao aumento da concentração testada. 

 

 

 Tabela 3. Porcentagem de inibição dos peptídeos para Escherichia coli O157:H7. 

 

*Médias seguidas pela mesma letra maiúscula não diferem, na coluna, pelo teste de Tukey 5%; Médias 

seguidas pela mesma letra minúscula não diferem, na linha, pelo teste de Tukey 5%. 

 

Fonte: Vaz, A. B. S., 2018. 

 

 

 

Tabela 4. Porcentagem de inibição dos peptídeos para Salmonella sorovar 
Typhimurium. 
 

                                           Peptídeos Antimicrobianos* 

Concentrações (µM) LeuB LeuA1 LeuAB2 

200 71% Aa + 0,71 69% Aab + 0,69 59% Ab + 0,59 

150 63% Aa + 0,63 63% Aa + 0,63 58% Aba + 0,56 

100 41% Ba + 0,41 22% Bb + 0,22 45% Ba + 0,44 

50 33% Ba + 0,33 7% Bb + 0,07 16% Da + 0,28 

 

*Médias seguidas pela mesma letra maiúscula não diferem, na coluna, pelo teste de Tukey 5%; Médias 

seguidas pela mesma letra minúscula não diferem, na linha, pelo teste de Tukey 5%. 

 

Fonte: Vaz, A. B. S., 2018. 

 

                                      Peptídeos Antimicrobianos* 

Concentrações (µM) LeuB LeuA1 LeuAB2 

200 69% Aa + 0,16 36% Ab + 0,46 33% Ab + 0,47 

150 50% Aa + 0,30 24% ABb + 0,62 23% ABb + 0,60 

100 23% Ba + 0,65 20% Ba + 0,69 22% ABa + 0,64 

50 22% Ba + 0,66 20% Ba + 0,71 20% Ba + 0,69 



Parte II: Aplicação de peptídeos sintéticos na área da saúde                        61 
_________________________________________________________________________ 
 

 

 

Tabela 5. Porcentagem de inibição dos peptídeos para Pseudomonas auriginosa. 

*Médias seguidas pela mesma letra maiúscula não diferem, na coluna, pelo teste de Tukey 5%; Médias 

seguidas pela mesma letra minúscula não diferem, na linha, pelo teste de Tukey 5%. 
 

Fonte: Vaz, A. B. S., 2018. 

 

Tabela 6. Porcentagem de inibição dos peptídeos para Listeria monocytogenes. 

*Médias seguidas pela mesma letra maiúscula não diferem, na coluna, pelo teste de Tukey 5%; Médias 

seguidas pela mesma letra minúscula não diferem, na linha, pelo teste de Tukey 5%. 
 

Fonte: Vaz, A. B. S., 2018. 

 

Tabela 7. Porcentagem de inibição dos peptídeos para Staphylococcus aureus. 

                                              Peptídeos Antimicrobianos* 

Concentrações (µM) LeuB LeuA1 LeuAB2 

200 40% Ab + 0,40 96% Aa + 0,95 78% Ab + 0,36 

150 24% Bb + 0,24 89% Ba + 0,89 70% Ab + 0,30 

100 7% Cc + 0,07 20% Cb + 0,19 25% Ba + 0,28 

50 3% Ca + 0,03 14% Da + 0,14 17% Ba + 0,15 

 

*Médias seguidas pela mesma letra maiúscula não diferem, na coluna, pelo teste de Tukey 5%; Médias 

seguidas pela mesma letra minúscula não diferem, na linha, pelo teste de Tukey 5%. 
 

Fonte: Vaz, A. B. S., 2018. 

                                             Peptídeos Antimicrobianos* 

Concentrações (µM) LeuB LeuA1 LeuAB2 

200 20% Ac + 0,31 49% Ab + 0,49 91% Aa + 0,91 

150 20% Ac + 0,20 39% Bb + 0,39 51% Ba + 0,72 

100 17% Ab + 0,17 19% Cb + 0,18 38% Ca + 0,64 

50 7% Ba + 0,07 13% Ca + 0,13 12% Da + 0,08 

                                               Peptídeos Antimicrobianos* 

Concentrações (µM) LeuB LeuA1 LeuAB2 

200 41% Ac + 0,41 79% Aa + 0,79 69% Ab + 0,62 

150 41% Ac + 0,40 74% Aba + 0,74 67% Ab + 0,53 

100 28% Bab + 0,28 23% Bb + 0,22 31% Ba + 0,42 

50 9% Cb + 0,08 19% Ca + 0,19 15% Bab + 0,09 
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No caso de bactérias Gram-negativas, um possível modo de ação dos 

PAMS implica na interação prévia com a parede celular, que possui uma 

membrana externa composta de lipopolissacarídeos (LPS) mantido por íons 

magnésio e cálcio, que formam pontes entre os açúcares fosforilados carregados 

negativamente. Sugere-se que os PAMs catiônicos causaram o deslocamento 

destes íons, danificando a membrana externa e facilitando a entrada do peptídeo 

para o espaço periplasmático, permitindo então, a interação dos peptídeos com a 

membrana plasmática (HANCOCK et al., 1995). Este fato pode justificar a elevada 

porcentagem de inibição dos microrganismos Gram-negativos, Escherichia coli 

O157:H7 e Salmonella Typhimurium, pelo análogo LeuB que apresenta maior 

carga positiva, embora a sensibilidade tenha sido maior para Salmonella 

Typhimurium. 

Outra questão importante a ser considerada é com relação às diferentes 

morfologias que as bactérias podem assumir, sendo basicamente três formas: 

cocos, bacilos e espiraladas. Estas diferentes formas bacterianas, por sua vez, 

podem se associar em arranjos que são características de cada gênero ou 

espécie. No caso das bactérias do gênero Streptococcus, os cocos estão 

agrupados em cadeia e as do gênero Staphylococos os cocos se dispõem em 

arranjos irregulares, semelhantes a cachos de uva. O conhecimento das formas e 

dos arranjos das bactérias auxilia na identificação das mesmas e no entendimento 

da sensibilidade ou resistência a certos agentes antimicrobianos.  

Um estudo feito por Silva (2017) evidenciou a relação entre a menor 

porcentagem de inibição antimicrobiana do peptídeo LeuC frente a 

Staphylococcus aureus em decorrência dessas bactérias se agruparem em forma 

de cachos. Uma das hipóteses sugerida é a diminuição da superfície de contato 

para os peptídeos atuarem, principalmente nas células localizadas nas porções 

mais internas dos cachos, as quais podem continuar a se desenvolverem e 

multiplicarem. No entanto, este fato não foi observado nos estudos que 

conduzimos, já que os resultados de inibição desta espécie bacteriana foram 

bastante significativos, atingindo 96% de inibição pelo peptídeo LeuA1 e 78% de 

inibição pelo peptídeo LeuAB2, ambos a uma concentração de 200 µM.  
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Até o presente, nisina é a única bacteriocina comumente aplicada na 

preservação de alimentos (GÁLVEZ et al., 2007). Porém, a mesma, apresenta 

amplo espectro inibitório apenas contra bactérias Gram-positivas, como Listeria e 

Staphylococcus. Os resultados deste trabalho mostraram que peptídeos 

derivados de leucocinas, especialmente LeuB, apresentam capacidade inibitória 

do crescimento de bactérias Gram-negativas, as quais são citadas como um dos 

agentes etiológicos de maior contágio em alimentos. 

As bacteriocinas podem apresentar ação bactericida ou bacteriostática 

sobre as bactérias. Em virtude disso, também foi realizado o ensaio “Time Kill”, o 

qual oferece informações importantes referentes à velocidade de ação dos 

peptídeos em estudo. Este teste foi realizado utilizando o dobro da maior 

concentração testada, o que corresponde a 400 µg/mL, pois foi a que apresentou 

maior inibição no ensaio de microdiluição em placas, de acordo com a 

metodologia descrita na norma M26-A do National Committee for Clinical 

Laboratory Standards (NCCLS, 1999). Os resultados dos testes foram plotados 

em gráficos, os quais estão representados nas figuras 29 a 33. 

 

Figura 29. Atividade antibacteriana dos análogos (400 µg/ml) frente Escherichia 
coli O157:H7 pelo ensaio Time-Kill. [Controle de crescimento: CMH + Escherichia 
coli O157:H7; ciprofloxacina (100µg/mL)]. 

 
Fonte: Vaz, A. B. S., 2018. 
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Figura 30. Atividade antibacteriana dos análogos (400 µg/ml) frente Salmonella 
Typhimurium pelo ensaio Time-Kill. [Controle de crescimento: CMH + Salmonella 
Typhimurium; ciprofloxacina (100 µg/ml)]. 

 
Fonte: Vaz, A. B. S., 2018. 

 

 

 

Figura 31. Atividade antibacteriana dos análogos (400 µg/ml) frente 
Pseudomonas aeruginosa pelo ensaio Time-Kill. [Controle de crescimento: CMH + 
Pseudomonas aeruginosa; ciprofloxacina (100 µg/ml)]. 

 
Fonte: Vaz, A. B. S., 2018. 
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Figura 32. Atividade antibacteriana dos análogos (400 µg/ml) frente Listeria 
monocytogenes pelo ensaio Time-Kill. [Controle de crescimento: CMH + Listeria 
monocytogenes; ciprofloxacina (100 µg/ml)]. 
 

 

Fonte: Vaz, A. B. S., 2018. 

 

 

Figura 33. Atividade antibacteriana dos análogos (400 µg/ml) frente 
Staphylococcus aureus pelo ensaio Time-Kill. [Controle de crescimento: CMH + 
Staphylococcus aureus; ciprofloxacina (100 µg/ml)]. 
 

 
Fonte: Vaz, A. B. S., 2018. 



Parte II: Aplicação de peptídeos sintéticos na área da saúde                        66 
_________________________________________________________________________ 
 

 

 

Nos ensaios realizados com as bactérias Gram-negativas (Escherihia coli 

O157:H7, Salmonella sorovar Typhimurium e Pseudomonas aeruginosa), foi 

possível notar que houve um pequeno aumento na absorbância, indicando o 

crescimento microbiano, após 18 horas de ensaio.  

Por outro lado, para as bactérias Gram-positivas (Listeria monocytogenes e 

Staphylococcus aureus), os valores de absorbância permaneceram constantes 

até o final do tempo de amostragem (24 horas), evidenciando um possível efeito 

bacteriostático dos análogos, LeuA1, LeuAB2 e LeuB, frente a estes micro-

organismos.  

O fato de as bactérias Gram-negativas apresentarem morfologia de 

membrana distinta, pode fazer com que estes micro-organismos apresentem uma 

resistência maior a agentes antimicrobianos. O fato de apresentarem uma dupla 

membrana representa uma barreira extra, dificultando que os agentes 

antimicrobianos atuem no controle de crescimento das mesmas. Esta diferença 

na característica morfológica destas bactérias pode ser a razão pela qual 

apresentaram maior resistência aos peptídeos utilizados nestes estudos, 

comparado com as bactérias Gram-positivas, após o período de incubação de 24 

horas. 

Com estes estudos, é possível observar que, de maneira geral, os 

peptídeos estudados podem aumentar o tempo de latência dos micro-organismos 

e consequentemente minimizar a taxa de crescimento, podendo ser eficiente para 

aumentar a vida de prateleira de alimentos perecíveis, em decorrência do controle 

do crescimento microbiano. 

O conjunto destes resultados nos motivou a depositar a patente intitulada 

“Métodos de obtenção de bacteriocinas e uso das mesmas” - Número do 

Processo: BR 10 2017 004956 6 (anexo 6). Esta patente mostra a potencialidade 

de aplicação de peptídeos derivados de bacteriocinas no controle de crescimento 

de micro-organismos importantes na área de alimentos, propondo assim uma 

nova classe de bioconservantes alimentares. 

Outros trabalhos envolvendo as bacteriocinas foram e estão sendo 

conduzidos pelos alunos de mestrado Jesseleine Cristine Monteiro da Silva e 

Leonardo Alves dos Santos. Estes projetos estão possibilitando novos 
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conhecimentos nesta linha de pesquisa o que nos faz acreditar na possibilidade 

futura de aplicação de peptídeos antimicrobianos baseados nas bacteriocinas na 

bioconservação de alimentos.  

 

4. A Histatina-5 e o combate da candidíase bucal  

A candidíase é uma infecção comum, principalmente observada nas 

cavidades oral e vaginal, na pele, além do esôfago e trato gastrointestinal. O 

micro-organismo mais frequentemente responsável pela doença, pertencente ao 

gênero Candida, o qual está presente naturalmente na microbiota do ser humano, 

sem ocasionar processos patológicos em indivíduos saudáveis. Porém, em 

pacientes que estão imunodeprimidos ou debilitados de alguma maneira, o micro-

organismo encontra uma forma de se multiplicar causando infecções locais ou 

sistêmicas (CALDERONE E FONZI, 2001). Sequelas da colonização de mucosa, 

particularmente do trato gastrointestinal, podem incluir penetração do sistema 

vascular por células de Candida e disseminação hematogênica (COLE et al., 

1996). Estas células podem infectar uma variedade de órgãos em indivíduos 

imunocomprometidos, podendo assim causar disseminação e/ou doença 

sistêmica (CANNON E CHAFFIN, 1999). 

Dentre os micro-organismos do gênero Candida, o mais comum é a 

Candida albicans. Sua habilidade de sobrevivência está ligada ao fato de ser um 

microrganismo comensal. Ou seja, está presente em diversos locais, 

anatomicamente distintos, resistindo a fatores e condições diferenciadas, mas 

sem causar patologias (CALDERONE E FONZI, 2001). 

A patogenicidade dessa espécie envolve mecanismos atribuídos aos 

fatores de virulência, como a capacidade de se defender do sistema imunológico 

do hospedeiro, aderência, formação de biofilme em tecidos ou em dispositivos 

médicos, e produção de enzimas hidrolíticas prejudiciais como proteases, 

fosfolipases e hemolisina (SARDI et al., 2013). 

Por se tratar de uma espécie polimórfica de micro-organismo, Candida 

albicans se alterna entre a forma de levedura e a forma de hifa. Enquanto a forma 

de levedura está mais comumente associada a doenças sistêmicas, as hifas 

estão mais aptas a aderir e colonizar o tecido hospedeiro e são, portanto, 
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frequentemente observadas em infecções fúngicas na mucosa oral (CALDERONE 

E FONZI, 2001). 

Quando se trata de infecções na mucosa oral, há aumento no número de 

pessoas predispostas ao desenvolvimento do fungo se levado em consideração 

fatores como idade (recém-nascidos e idosos), trocas de epitélio, tabagismo, 

alterações hormonais e salivares, alterações de barreira de mucosa, alterações 

nutricionais, alterações imunológicas e, em especial, usuários de próteses 

dentárias (BARBEDO E SGARBI, 2010). 

Nesse caso, as próteses dentárias tornam-se verdadeiros reservatórios de 

Candida albicans quando não higienizada de forma correta, e está mais 

susceptível à formação de biofilmes uma vez que a natureza da superfície dessas 

próteses facilita a afinidade do micro-organismo e auxilia sua aderência. Além 

disso favorece a reprodução do mesmo e a transição de um estágio de vida para 

outro de maior virulência, como no caso da Candida albicans, a passagem de 

levedura para a forma de hifas. 

Na forma de hifas, Candida albicans são mais adeptas a aderência no 

tecido do hospedeiro, formando biofilmes que agem como um revestimento 

impermeável e protetor (CHANDRA et al., 2001). Nesta forma, o micro-organismo 

se torna resistente também a ações de fagocitose do sistema imunológico do 

hospedeiro, aumentando o tempo de tratamento e muitas vezes inviabilizando a 

total eliminação dos micro-organismos (MOFFA et al., 2015b). 

Neste contexto, as células de biofilme demostraram resistência aos 

antifúngicos mais comumente utilizados, como polienos (nistatina e anfotericina B) 

ou azóis (itraconazol, miconazol, fluconazol) (HAWSER E DOUGLAS, 1995; 

CHANDRA et al., 2001). Por outro lado, existe também fármacos de efeito 

sistêmico, como fluconazol e anfotericina B, que demostram maior efetividade no 

tratamento de tais infecções, porém seus níveis de toxicidade são maiores e não 

devem ser utilizados em doses constantes ou rotineiras (CANNON et al., 2007; 

JOHNSON et al., 1995). 

Por esse motivo, a busca por novas opções de tratamento e inclusive por 

novos fármacos estão em constante desenvolvimento principalmente na área da 

biotecnologia. Um exemplo disso são os peptídeos biologicamente ativos e 
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encontrados naturalmente em organismos vivos como plantas, animais e 

microrganismos (TROVATTI et al., 2008). 

Os peptídeos antimicrobianos da família das Histatinas compõem o grupo 

de peptídeos mais abundantes presentes na saliva humana e possuem 

características multifuncionais, pois apesar de possuírem forte atividade 

antifúngica e antibacteriana contra muitas espécies presentes na microbiota oral, 

também são de grande importância para a manutenção de sua homeostase, 

auxilia na cicatrização de feridas e na re-epitelização oral (BAEV et al., 2002; 

HELMERHORST et al., 2001). Esta família de peptídeos recebeu o nome de 

Histatinas por possuírem muitos resíduos do aminoácido histidina.  Um dos 

peptídeos desta família que destacamos neste projeto, é denominado Histatina-5 

(Figura 34), que possui de 3 a 4 KDa e apresentam carga positiva em pH 

fisiológico.  

Figura 34. Sequência primária de aminoácidos da Histatina-5. 

 

Fonte: Elaborada pelo próprio autor. 

 

O mecanismo de ação da Histatina-5 envolve o lançamento de ATP para o 

meio extracelular, por meio de sua interação com as mitocôndrias presentes na 

célula do microrganismo (HELMERHORST et al., 1999; BAEV et al., 2002). 

A falta de energia para a respiração celular por si só já causa a morte 

celular, mas alguns estudos mostraram que além de causar o efluxo de ATP a 

Histatina-5 também gera espécies reativas de oxigênio (ERO´s) no interior da 

célula, interferindo na fase G1 do ciclo celular como pode ser visto na Figura 35. 
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Figura 35.  Mecanismo de ação da Histatina-5 na Candida albicans. Histatina-5 
permeia a membrana celular (A), é atraída para a mitocôndria (B), induz ao 
lançamento de ATP (C) e prejudica a respiração celular (E). Perda de ATP ativa 
um mecanismo de morte celular (D). Histatina-5 gera espécies oxigênio reativas 
(G) e detém a fase G1 do ciclo celular do núcleo (F). 

 

Fonte: Kavanagh & Dowd (2004). 

 

Do mesmo modo, a atividade in vitro da Histatina-5 testada diretamente 

contra células de Candida albicans demonstrou que o fungo apresenta 

suscetibilidade a Histatina-5 em doses de 25 a 800 µg/mL. Assim, uma vez 

demonstrada sua eficácia contra micro-organismos patógenos, sua utilização para 

possíveis tratamento contra candidíase oral e em outras mucosas é promissor 

(MOFFA et al., 2015b). 

Porém, durante os estudos com Histatina-5, foi notada diferença entre a 

quantidade de proteínas presente na secreção salivar coletada diretamente da 

glândula parótida e a encontrada na saliva já presente na cavidade oral. A 

secreção glandular possuí quantidades maiores de Histatina-5 do que a presente 

na saliva da cavidade oral e desaparece rapidamente quando dissolvida no 

volume total da saliva na cavidade oral. A presença de enzimas proteolíticas da 

própria saliva humana é a explicação para essa diferença de conteúdo entre 

ambas as secreções (MOFFA et al., 2015a). 

Também ocorre interações entre as proteínas na própria saliva e a 

Histatina-5, que pode se complexar com a enzima amilase salivar por exemplo, 

perdendo sua ação antifúngica (MOFFA et al., 2015a). 
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Uma solução para ambos os problemas, é o desenvolvimento de um 

sistema lipossomal de liberação controlada e transportador que, ao encapsular a 

Histatina-5, a proteja da ação de enzimas proteolíticas e impeça a complexação 

com outras proteínas. Desse modo, a biodisponibilidade do peptídeo no local de 

ação seria aumentada e seu efeito fungicida seria intensificado (RON-DOICH et 

al., 2016). 

O objetivo principal dos sistemas de liberação controlada é manter a 

concentração do fármaco na faixa terapêutica por um tempo prolongado, 

utilizando-se uma única administração. A diferença de concentração plasmática 

efetiva em função do tempo entre sistemas convencionais e sistemas de liberação 

controlada, por exemplo, explica a maior biodisponibilidade do fármaco na 

corrente sanguínea (Figura 36).  

 

Figura 36. Perfis de liberação de fármacos em função do tempo: convencional vs. 
controlada. 
 

 

Fonte: Garrido (2007) 
 
 

Este mesmo comportamento é esperado para a liberação do peptídeo 

Histatina-5 associado a lipossomas quando aplicados no local de ação, o que 

resultaria maior eficiência no combate ao micro-organismo. 

Os lipossomas já são empregados na terapêutica há mais de 40 anos, 

apresentando muitas vantagens, entre elas a biocompatibilidade já que 

apresentam os mesmos constituintes estruturais que as membranas biológicas, 

entre eles os fosfolipídeos. O mais utilizado é a fosfatidilcolina, pois tende a 

formar uma bicamada estável em solução aquosa, mas utiliza-se também 
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colesterol, lipídeos catiônicos ou aniônicos e polímeros como o polietilenoglicol 

(PEG) (CHORILLI et al, 2007). 

A vantagem dos lipossomas está relacionada também com uma maior 

duração do efeito terapêutico do fármaco (ARAUJO et al., 2003), prolongando sua 

liberação no local de ação e permitindo também que doses maiores sejam 

administradas sem os riscos da toxicidade, proporcionando maior janela 

terapêutica e menos administrações do fármaco ao longo do tratamento 

(FRÉZARD et al., 2005). 

Outras características físico-químicas dos lipossomas, tais como tamanho 

em nanoescala, biodegradabilidade, biocompatibilidade, caráter hidrofóbico e 

hidrofílico, baixa toxicidade e imunogenicidade, faz com que este tipo de nano-

sistema de carreamento de fármacos seja classificado como um dos mais 

eficientes e com várias formulações já aprovadas para o tratamento de doenças, 

inclusive resultando em aumentos significativos na eficiência de terapias para 

tratamento de câncer (ALAVI et al.; 2017) 

Há vários relatos na literatura que evidenciam aplicações de lipossomas 

associados à diferentes tipos de fármacos para o combate efetivo de micro-

organismos patogênicos. Yanhong Li e colaboradores (2015), utilizaram sistemas 

lipossomais associados a dois antibióticos diferentes (daptomicina e 

claritromicina), para o combate de infecções provocadas por Staphylococcus 

aureus resistente a meticilina (MRSA). Os resultados demonstraram que a 

associação de daptomicina em lipossomas mostrou um aumento significativo da 

atividade anti-MRSA in vitro e reduziu significativamente a carga bacteriana de 

MRSA e aumentou a sobrevivência do hospedeiro in vivo (Li et al., 2015).  

Lipossomas podem ser classificados em três principais grupos: a) 

lipossomas multilamelares (MLV), formados por várias bicamadas concêntricas, 

com diâmetro entre 400 a 3.500 nm, b) lipossomas pequenos unilamelares (SUV), 

constituídos por apenas uma bicamada como membrana com diâmetro variando 

de 20 a 50 nm e c) lipossomas grandes unilamelares (LUV), constituídos por 

apenas uma bicamada, apresentando diâmetro entre 100 a 1.000 nm (CHORILLI 

et al., 2007). Os lipossomas que serão desenvolvidos neste projeto estão 

classificados dentro do grupo dos LUV.  
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Assim, o uso de lipossomas como carreadores de fármacos requer 

métodos que permitam a caracterização e controle de fatores como preparação, 

tamanho das vesículas, composição, estabilidade e taxa de encapsulação de 

fármacos, visto que estes fatores influenciam diretamente no comportamento dos 

lipossomas em meio biológico 

 

4.1. Nossa contribuição nos estudos envolvendo Histatina-5 

Conforme foi mencionado, a capacidade de algumas espécies Candida 

tornarem-se resistentes a medicamentos convencionais, principalmente pelo fato 

de serem capazes de formar biofilmes, faz com que a busca por novas opções de 

tratamento e por novos medicamentos seja necessário.  Neste sentido, os 

peptídeos biologicamente ativos e antifúngicos da família das Histatinas, entre 

eles a Histatina-5, passou a ser um importante objeto de estudos desenvolvido 

pelo nosso grupo de pesquisa. 

Atualmente, há diversos estudos que puderam contar com nossa 

participação, avaliando o potencial antifúngico do peptídeo Histatina-5 

confirmando sua ação promissora (MOFFA et al., 2015b – Anexo 7). No entanto, 

Histatina-5 é considerado um composto instável no ambiente oral devido ao fato 

de sofrer ação de proteases encontradas na cavidade oral, geralmente secretadas 

por microrganismos presentes na flora bucal e, também por sofrer inativação 

parcial ou total devido a formação de complexos com outras proteínas e enzimas 

presentes na boca, como, por exemplo, a amilase salivar, que ao se ligar com 

Histatina-5, forma um complexo que não apresenta atividade antifúngica (MOFFA 

et al., 2015a – Anexo 8). 

Neste sentido, nosso objetivo vem sendo o desenvolvimento e a 

caracterização de sistemas lipossomais contendo o peptídeo antifúngico 

Histatina-5 e alguns peptídeos estruturalmente derivados da Histatina-5, para 

promover o transporte e liberação controlada destes peptídeos antifúngicos, 

promovendo assim um aumento do tempo de ação dos mesmos no combate das 

células de Candida albicans.  

Para se atingir tal objetivo, nos propusemos inicialmente utilizar diferentes 

técnicas de preparo de lipossomas, os quais foram caracterizados por distribuição 
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de tamanho e potencial zeta utilizando técnica de espalhamento de luz (light 

scattering), buscando um método que permita obter lipossomas mais 

homogêneos possíveis nos parâmetros avaliados. 

Além disso, estudos de eficiência de encapsulação de Histatina-5 nos 

lipossomas produzidos foram realizados com o intuito de avaliar a melhor 

metodologia que permita uma maior encapsulação do peptídeo no lipossoma, o 

que permitiria uma maior capacidade de liberação do mesmo ao longo do tempo. 

A avaliação da eficiência de liberação controlado dos sistemas lipossomais 

produzidos foi realizada a partir de ensaios de liberação de Histatina-5 in vitro, 

utilizando um sistema que permite quantificar ao longo do tempo, a quantidade de 

Histatina-5 que está sendo disponibilizada no meio utilizado em cada ensaio. 

A eficiência antifúngica dos lipossomas contendo Histatina-5 foi avaliada 

através de ensaios microbiológicos in vitro onde os lipossomas produzidos foram 

colocados diretamente em contato com as células de Candida albicans. O objetivo 

desses estudos foi observar se a capacidade antifúngica de Histatina-5 é mantida 

ao longo de períodos prolongados de ensaio, o que seria interessante do ponto de 

vista de aplicação desses sistemas no tratamento da candidíase oral.  

Para a realização desses estudos propostos, o peptídeo análogo 

0WHistatina-5 foi projetado e sintetizado com a adição do aminoácido triptofano 

(W) em sua sequência, conforme pode ser visto na Tabela 8. A sequência original 

foi mantida e somente o aminoácido triptofano foi inserido na extremidade N-

terminal. Por se tratar de um aminoácido fluorescente, com excitação no 

comprimento de onda de 280 nm e emissão de fluorescência no comprimento de 

onda de 360 nm, a sua adição ao peptídeo em questão permitiu seu 

monitoramento por técnica de fluorescência, a qual apresenta maior sensibilidade. 

 

Tabela 8. Sequência primária de aminoácidos do peptídeo Histatina-5 e do 
peptídeo análogo 0WHistatina-5. 

 

Nome Sequência primária dos resíduos de aminoácidos 

Histatina-5        D S H A K R H H G Y K R K F H E K H H S H R G Y 

0WHistatina-5  W D S H A K R H H G Y K R K F H E K H H S H R G Y 

 

Fonte: Elaborado pelo próprio autor. 



Parte II: Aplicação de peptídeos sintéticos na área da saúde                        75 
_________________________________________________________________________ 
 

 

 

Foram produzidas 3 formulações distintas de lipossomas pela técnica de 

hidratação de filme lipídico, compostos por dipalmitoilfosfatidilcolina de soja 

(DPPC); colesterol (Chol); polietilenoglicol (PEG) e 1-palmitoil-2-oleoil-sn-glicero-

3-fosfo-rac-1-glicerol (POPG), conforme proporções descritas na Tabela 9. 

 

Tabela 9. Composição lipídica dos lipossomas. 
 

Preparações 

de lipossomas 
DPPC Chol PEG POPG 

1 40 mg 2 mg - - 

2 40 mg 2 mg 1 mg - 

3 40 mg 2 mg - 1 mg 

 

DPPC: Dipalmitoilfosfatidilcolina de soja 

Chol: colesterol 

PEG: polietilenoglicol; POPG:1-palmitoil-2-oleoil-sn-glicero-3-fosfo-rac-1-glicerol 

 

Fonte: Elaborado pelo próprio autor. 

 

As misturas de lipídeos correspondentes a cada uma das formulações são 

inicialmente dissolvidas em clorofórmio e após, transferidas para tubos de ensaio. 

Em seguida o solvente é evaporado lentamente sob fluxo de nitrogênio para a 

formação de um fino filme lipídico na parede do tubo. Posteriormente, o solvente 

residual é eliminado sob vácuo por aproximadamente 12 horas. 

Foram utilizadas três técnicas distintas para o preparo dos lipossomas com 

o intuito de comparar as diferentes técnicas em aspectos de eficiência de 

encapsulação do peptídeo, estabilidade, homogeneidade das partículas e 

tamanhos dos lipossomas. As técnicas utilizadas foram a extrusão, a sonicação e 

a técnica de freeze-thaw. Sendo assim, os resultados serão divididos com base 

na metodologia de preparo utilizado. 

É importante também destacar que para a realização dos estudos 

envolvendo a eficiência de encapsulação do peptídeo nos lipossomas produzidos, 

foi necessário desenvolvermos um método analítico para quantificação do 

peptídeo. Por este motivo foi sintetizado o peptídeo 0W-Histatina-5 contendo o 

aminoácido triptofano, tornando possível a quantificação do mesmo através da 

técnica de espectroscopia de fluorescência. Neste sentido, os resultados 
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referentes às diferentes técnicas de preparação de lipossomas, são relacionados 

ao peptídeo 0W-Histatina-5. 

 

Preparação de lipossomas pelo método de extrusão 

 

Neste método, o filme lipídico obtido para cada das formulações propostas 

é hidratado com tampão Tris HCl, 10 mM, pH 7,4 contendo o peptídeo 0W-

Histatina-5 na concentração de 80 µM, ou somente tampão no caso de 

lipossomas brancos, para serem utilizados como controle. Para conseguir o 

desprendimento total da mistura de lipídeos da parede do tubo, são feitas 

agitações suaves (manualmente), alternadas com agitações vigorosas 

(mecanicamente em agitador tipo Vortex), obtendo desta forma uma suspensão 

de vesículas multilamelares grandes (MLV´s).  

As MLV´s foram submetidas ao processo de extrusão, num total de 40 

ciclos, utilizando extrusor equipado com membrana de policarbonato Nuclepore® 

(GE Heathcare Life Sciences) com poros de 100 nm de diâmetro, para a sua 

conversão em vesículas unilamelares grandes (LUV´s), além de padronização do 

tamanho dos lipossomas.   

 

Preparação de lipossomas pelo método de sonicação 

 

No método de sonicação, o filme lipídico é hidratado da mesma maneira 

que descrito anteriormente. No entanto, para a obtenção de SUV´s, as MLV´s são 

submetidos à sonicação, utilizando sonicador de haste de titânio (Q700 da 

QSonica®).  

Os ciclos de sonicação possuem duração de 4 minutos, sendo que a cada 

2 minutos a solução fica em repouso durante 1 minuto. O tubo onde os 

lipossomas são sonicados permanece em banho de gelo para evitar o 

aquecimento excessivo. Após os ciclos de sonicação, a amostra é centrifugada a 

13000 rpm, a 25 ºC, durante 15 minutos, de modo a sedimentar as partículas de 

titânio liberadas durante a sonicação. 
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Preparação de lipossomas pelo método de freeze-thaw 

 

A hidratação dos filmes lipídicos na metodologia de freeze-thaw é realizada 

da mesma maneira que que é feita na metodologia de extrusão e sonicação. No 

entanto, a suspensão de vesículas obtidas é submetida a 6 ciclos de 

congelamento/aquecimento. O congelamento é realizado utilizando nitrogênio 

líquido, com temperatura de aproximadamente −195 °C e o aquecimento é 

realizado em banho maria a 60 °C.  Em seguida, as suspensões são colocadas 

em banho ultrassônico pelo tempo total de 5 minutos, para auxiliar na formação 

final dos lipossomas e garantir estabilidade para as vesículas MLV´s formadas por 

esta metodologia. 

 

Após a preparação dos lipossomas, a caracterização física das vesículas 

foi realizada por meio da técnica de espalhamento dinâmico de luz (light 

scattering), o qual determinou o raio hidrodinâmico das vesículas, potencial zeta e 

índice de polidispersividade (IPD). Tais parâmetros estão relacionados com as 

características físico-químicas dos lipossomas produzidos. Foi utilizado o 

equipamento ZetaSizer Nano NS; Malvern Instruments UK, com fonte de laser 

He-Ne 4,0 mW, 633 nm, do laboratório de Farmacotécnica e Tecnologia 

Farmacêutica da Faculdade de Ciências Farmacêuticas de Araraquara/UNESP. O 

potencial zeta, que indica a carga de superfície dos lipossomas, também foi 

analisado pelo mesmo equipamento. 

Cada suspensão de lipossomas, contendo o peptídeo 0W-Histatina-5 

encapsulado e sem o peptídeo (brancos), foram diluídas em tampão Tris HCl 10 

mM, pH 7,4 numa proporção de 1:10. Todas as leituras foram realizadas em 

triplicado a 25° C, e os resultados foram expressos como média ± desvio padrão. 

As Tabelas 10 e 11 mostram os resultados de tamanho médio, IPD e 

potencial zeta para as diferentes formulações de lipossomas obtidos por 

sonicação e a Figura 37 compara os tamanhos médios obtidos para os 

lipossomas brancos e encapsulados. 

Comparando os resultados obtidos para os lipossomas brancos e 

encapsulados preparados pelo método de sonicação, nota-se um aumento no 
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diâmetro médio dos lipossomas quando encapsulados com o peptídeo, dando 

indícios de que houve a interiorização do mesmo no lipossoma.  

Também pode-se perceber menor negatividade do potencial zeta, o que 

pode indicar maior estabilidade físico-química nos lipossomas encapsulados se 

comparado aos lipossomas brancos. Isto pode ser explicado pelo fato de o 

potencial zeta das vesículas estar mais próximo de ± 30 mV, o qual é considerado 

ideal por resultar em lipossomas estáveis e sem agregação devido a forças 

repulsivas entre as vesículas. (SATO, et al, 2017; EBRAHIMI, et al, 2015).  

Outra observação a ser considerada é o valor positivo de carga global do 

peptídeo 0W-Histatina-5, que possivelmente influência na carga final dos 

lipossomas, tornando-os menos negativos. 

 

Tabela 10. Diâmetro médio dos lipossomas, IPD e potencial zeta; 
lipossomas brancos obtidos após 4 minutos de sonicação em amplitude de 18%. 

 

Sonicação - Lipossomas brancos 

Formulação 
Diâmetro médio 

(nm) 
IPD Zeta (mV) 

DPPC/Chol 88,06 0,371 -51,38 

DPPC/Chol/PEG 96,36 0,382 -56,36 

DPPC/Chol/POPG 82,19 0,287 -56,46 

 

Fonte: Elaborado pelo próprio autor. 

 

 

 

 

Tabela 11. Diâmetro médio dos lipossomas, IPD e potencial zeta; 
lipossomas contendo 0W-Histatina-5 obtidos após 4 minutos de sonicação em 

amplitude de 18%. 
 

Sonicação - Lipossomas com 0W-Histatina-5 

Formulação 
Diâmetro médio 

(nm) 
IPD Zeta (mV) 

DPPC/Chol 144,3 0,255 -48,6 

DPPC/Chol/PEG 147,4 0,124 -51,5 

DPPC/Chol/POPG 133,6 0,241 -52,3 

 

Fonte: Elaborado pelo próprio autor. 
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Figura 37. Comparação do diâmetro médio dos lipossomas brancos e 
encapsulados com o peptídeo 0W-Histatina-5 obtidos após sonicação. 

 

 
Fonte: Elaborado pelo próprio autor. 

 

As Tabelas 12 e 13 indicam os resultados obtidos para a caracterização 

dos lipossomas preparados pelo método de extrusão. O estudo foi realizado com 

a mesma dinâmica anterior, isto é, foram comparados os lipossomas brancos e os 

lipossomas encapsulação com o peptídeo 0W-Histatina-5. A Figura 38 contém os 

dados comparativos do diâmetro médio dos lipossomas brancos e encapsulados. 

Também foi observado aumento no tamanho médio dos lipossomas 

encapsulados obtidos por extrusão, o que pode indicar que o peptídeo se 

encontra no compartimento aquoso interno do lipossoma, por ser uma molécula 

hidrossolúvel (NII, et al, 2005). 

O potencial zeta para as formulações obtidas por extrusão, tanto brancas 

quanto encapsuladas, estão mais próximo de ± 30 mV, indicando maior 

estabilidade físico-química se comparadas com o potencial zeta dos lipossomas 

sonicados. Outro resultado que contribui para indicar melhor estabilidade dos 

lipossomas extrusionados quando comparados com os lipossomas sonicados, é o 

valor de IPD, que para os lipossomas extrusionados é menor do que para os 

lipossomas sonicados. Um IPD menor, indica melhor polidispersividade das 
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vesículas e melhor homogeneidade, o que impede a formação de aglomerados 

(SATO, et al, 2017).  

De modo geral pode se dizer que houve aumento na faixa de 10% a 20% 

para os lipossomas obtidos por extrusão e na faixa de 50% quando obtidos por 

sonicação. O mesmo resultado obtido por MOHAN e colaboradores (2016), que 

observou aumento na faixa de 30% a 90% após encapsular peptídeos em 

lipossomas.  

 

Tabela 12. Diâmetro médio dos lipossomas, IPD e potencial zeta; 
lipossomas brancos obtidos após extrusão com membrana de policarbonato de 

poro de 100 nm. 
 

Extrusão - Lipossomas Brancos 

Formulação 
Diâmetro médio 

(nm) 
IPD Zeta (mV) 

DPPC/Chol 106,13 0,128 -49,82 

DPPC/Chol/PEG 97,14 0,099 -38,53 

DPPC/Chol/POPG 105,09 0,113 -42,68 

 

Fonte: Elaborado pelo próprio autor. 

 

 

 

Tabela 13. Diâmetro médio dos lipossomas, IPD e potencial zeta; 
lipossomas com 0W-Histatina-5 obtidos por extrusão, com membrana de 

policarbonato de poro de 100 nm. 
 

Extrusão - Lipossomas com 0W-Histatina-5 

Formulação 
Diâmetro médio 

(nm) 
IPD Zeta (mV) 

DPPC/Chol 116,6 0,081 -43,0 

DPPC/Chol/PEG 119,2 0,087 -42,2 

DPPC/Chol/POPG 112,6 0,068 -47,4 

 

Fonte: Elaborado pelo próprio autor. 
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Figura 38. Comparação do diâmetro médio dos lipossomas brancos e 
encapsulados com o peptídeo 0W-Histatina-5, obtidos após 30 ciclos de extrusão 

com membrana de policarbonato, poros de 100 nm. 

 
Fonte: Elaborado pelo próprio autor. 

 

As duas técnicas utilizadas foram bem-sucedidas para obtenção de 

lipossomas na faixa de tamanho desejada, de 100 nm até 200 nm, e com boa 

homogeneidade considerando os valores de IPD. O potencial zeta obtido pelas 

duas técnicas também está na faixa desejada, e indica estabilidade físico-química 

dos lipossomas obtidos.  

Porém, deve ser levado em conta o fato da técnica de sonicação necessitar 

de alta energia para diminuir o tamanho das vesículas presentes e torná-las 

homogêneas, o que acarreta em aumento de temperatura na solução contendo as 

vesículas, podendo degradar os lipídeos presentes. Por outro lado, esse fato pode 

ser vantajoso se os lipídeos forem sonicados acima de sua temperatura de 

transição de fase, auxiliando no processo de formação das vesículas e tornando-

as mais estáveis (NEW, R.R.C, 1990).  

Outra questão é com relação ao tamanho médio dos lipossomas obtidos 

por sonicação, pois não se consegue controlar ou pré-definir o tamanho desejado, 

sendo necessário vários ajustes com relação a potência média do equipamento, 

amplitude e tempo de sonicação. Já na técnica de extrusão, o tamanho é 

facilmente controlado por meio de membranas de policarbonato, que contém 
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poros de tamanhos já conhecidos. Por outro lado, a quantidade de ciclos de 

extrusão também deve ser previamente determinada, pois um número muito 

elevado de ciclos pode levar a produção de lipossomas cada vez menores, uma 

vez que a passagem pelos poros da membrana é forçada de tal forma que as 

vesículas maiores já formadas são quebradas e formadas em tamanhos cada vez 

menores (NEW, R.R.C, 1990).  

Na tentativa de se obter lipossomas de tamanho médio maior e através de 

uma metodologia mais simples, a técnica freeze-thaw foi escolhida para ser 

comparada com as metodologias de extrusão e sonicação. 

Para a utilização da técnica de freeze-thaw, duas novas formulações de 

lipossomas foram produzidas (Tabela 14), devido ao fato das formulações 

DPPC/Chol, DPPC/Chol/PEG e DPPC/Chol/POPG não se mostrarem adequadas 

para esta metodologia.  Imediatamente após o preparo foi observado a formação 

de precipitado e separação de fases, indicando a não formação dos lipossomas. 

Provavelmente a técnica de freeze-thaw não produz as condições necessárias 

para se atingir as temperaturas de transição de fase dos lipídeos dessas 

formulações, provocando este efeito observado. 

 

Tabela 14. Composição lipídica dos lipossomas produzidos pela técnica freeze-
thaw. 

 

Formulação POPG (mg) PEG (mg) Chol (mg) 

T3 2 6 - 

T4 2 6 2 

 

Fonte: Elaborado pelo próprio autor. 

 

Após o preparo utilizando o método de freeze-thaw descrito anteriormente, 

os lipossomas foram caracterizados por espalhamento de luz dinâmico para 

determinar o tamanho médio, índice de polidispersividade (IPD) e potencial zeta. 

Os resultados das análises estão apresentados na Tabela 15, a qual contém os 

valores comparativos obtidos para os lipossomas encapsulados ou não. 
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Tabela 15. Comparação das médias e desvio padrão para os valores de tamanho 
médio, IPD e potencial zeta das formulações T3 e T4 obtidas por freeze-thaw. 

 

 Lipossomas não encapsulados Lipossomas encapsulados 

Formulação 
Tamanho 

médio (nm) 
IPD 

Potencial 

zeta (mV) 

Tamanho  

médio (nm) 
IPD 

Potencial 

Zeta (mV) 

T3 137,8 ± 15,4 0,201 ± 0,1 -54,0 ± 11,7 278,6 ± 29,1 0,427 ± 0,03 -72,6 ± 3,1 

T4 221,3 ± 17,9 0,235 ± 0,04 -64,0 ± 10,0 397,3 ± 61,8 0.513 ± 0,11 -70,2 ± 5,4 

 

Fonte: Elaborado pelo próprio autor. 

 

É possível notar que a formulação T3 apresentou tamanho médio maior do 

que os encontrados para os lipossomas produzidos por extrusão e sonicação, 

sendo de 137,8 nm quando não encapsulados e 278,6 nm, após encapsulação 

com o peptídeo 0W-Histatina-5. O tamanho maior após encapsulação sugere que 

o peptídeo pode estar no compartimento interno aquoso dos lipossomas ou entre 

suas bicamadas lipídicas, uma vez que a técnica de freeze-thaw produz 

lipossomas multilamelares (MLV’s), enquanto que a extrusão produz lipossomas 

unilamelares (LUV’s), conforme ilustrado na Figura 39 (COSTA et al., 2014). 

 

Figura 39. Lipossomas; (A) lipossomas grandes unilamelares (LUV); (B) 
lipossomas multilamelares (MLV). 

 

Fonte: Adaptado de Costa et al. (2014). 

 

A formulação T4 apresentou tamanhos médios ainda maiores, de 221,3 nm 

e 397,3 nm, não encasulado e encapsulado, respectivamente. A presença de 

colesterol nesta formulação pode ter deixado a bicamada lipídica mais rígida e 

menos compactada, se comparado com os tamanhos de T3, sem colesterol e por 
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isso com bicamada lipídica mais fluída e mais susceptível compactação (ROY et 

al., 2016). 

Após a caracterização física dos lipossomas produzidos pelas diferentes 

metodologias descritas, foram conduzidos estudos de avaliação da eficiência de 

encapsulação (EE) do peptídeo 0W-Histatina-5 nos lipossomas. Para isso, foi 

necessário o desenvolvimento de uma metodologia analítica adequada que 

permitisse estimar a quantidade de peptídeo que realmente foi incorporado no 

lipossoma, comparado à quantidade total de peptídeo utilizado na solução de 

preparo dos mesmos. Neste sentido, é importante destacar novamente que foi 

exatamente por este motivo que propusemos a síntese do análogo 0W-Histatina-

5, o qual possui um resíduo do aminoácido triptofano (W) na extremidade amino-

terminal, o qual nos possibilitou utilizar a técnica de espectroscopia de 

fluorescência para auxiliar nesta quantificação. Esta técnica, além de ser mais 

sensível, o que possibilita a quantificação de menores quantidades do composto 

desejado, também é mais adequada, haja visto que por estarmos trabalhando 

com um sistema complexo que contém uma mistura de lipídeos provenientes das 

vesículas e mais um peptídeo disperso nesta mistura, a utilização de 

espectroscopia de absorção UV-Vis poderia trazer interferência nos resultados, já 

que a faixa de absorção destes componentes da mistura podem ser comuns.  

Basicamente, esta metodologia desenvolvida se divide em duas etapas: i) 

etapa de separação do peptídeo não encapsulado dos lipossomas realizada em 

coluna de vidro de 20 cm de comprimento empacotada com resina Sephadex® G-

50; ii) etapa de quantificação do peptídeo encapsulado através de 

espectrofluorimetria.  

Após o processo de incorporação do peptídeo 0W-Histatina-5 nos 

lipossomas pelas técnicas de sonicação, extrusão e freeze-thaw, a separação do 

peptídeo não encapsulado foi efetuada através de cromatografia de exclusão (ou 

gel filtração), aplicando-se 500 µL de lipossomas em uma coluna contendo 

Sephadex® G-50 empacotada com tampão Tris HCl 10 mM, NaCl 150 mM, pH 7,4 

mantendo-se fluxo constante de 1,5 mL.min-1. Desta forma são coletadas cerca de 

25 frações de 1 mL cada, as quais são posteriormente analisadas em 

espectrofluorímetro com excitação em 280 nm, varredura de 300 nm a 500 nm, 
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para monitoramento do peptídeo não encapsulado. Para monitoramento dos 

lipossomas, as frações são analisadas em espectrofotômetro no comprimento de 

onda de 410 nm. Este procedimento é realizado para todas as composições dos 

lipossomas produzidos tanto contento o peptídeo, quanto lipossomas produzidos 

na ausência do peptídeo (lipossomas Branco) para análise comparativa dos 

resultados. 

O monitoramento das frações por espectrofluorimetria, permite observar a 

separação dos lipossomas contendo o peptídeo encapsulado e o peptídeo livre, 

isto é, a quantidade de peptídeo que não foi encapsulado. As frações contendo 

lipossomas são então reunidas em um único recipiente, congeladas em nitrogênio 

líquido e liofilizadas por 72 horas. Em seguida é realizada a ruptura dos 

lipossomas utilizando 3 mL de metanol. A solução resultante desse procedimento 

é analisada em espectrofotômetro em 280 nm. A absorbância da amostra de 

lipossomas encapsulados foi descontada da absorbância da amostra de 

lipossomas brancos, e o valor resultante aplicado na curva analítica padrão do 

peptídeo 0W-Histatina-5 em metanol, para determinação da concentração do 

peptídeo.  

Uma vez determinada a quantidade de peptídeo encapsulado, a eficiência 

de encapsulação é calculada de acordo com a equação 1, na qual o total 

encapsulado se refere a quantia de peptídeo encontrado no interior do lipossoma 

após ruptura com metanol e o total adicionado se refere a quantia de peptídeo 

adicionado no início do processo de encapsulação (80 μM), utilizando a técnica de 

extrusão, sonicação ou freeze-thaw. 

 

 

 

 

Nas Tabelas 16 e 17 abaixo são mostrados os resultados da eficiência de 

encapsulação obtidos pelos lipossomas produzidos pelas diferentes técnicas 

estudadas. 
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Tabela 16. Eficiência de encapsulação de 0W-Histatina-5 nos lipossomas 
produzidos pela técnica de extrusão e sonicação. 

 

Formulação 
EE (%) 

Sonicação 

EE (%) 

Extrusão 

DPPC/Chol 10,09 6,69 

DPPC/Chol/PEG 24,66 18,86 

DPPC/Chol/POPG 9,19 16,48 

 

Fonte: Elaborado pelo próprio autor. 

 

 

Tabela 17. Eficiência de encapsulação de 0W-Histatina-5 nos lipossomas das 
formulações T3 e T4 produzidos pela técnica de freeze-thaw. 

 

Formulação EE (%)  

T3 35,02 

T4 20,12 

 

Fonte: Elaborado pelo próprio autor. 

 

A eficiência de encapsulação esperada para moléculas hidrossolúveis é 

baixa, na faixa de 20%, uma vez que é característica dessas moléculas estar 

solubilizada no compartimento aquoso interno do lipossoma. Por isso, uma 

molécula polar apresenta dificuldade de vencer a bicamada lipídica dos 

lipossomas para, finalmente, conseguir atingir o compartimento interno aquoso.  

Dessa forma, para os lipossomas produzidos pelas técnicas de extrusão e 

sonicação, a eficiência de encapsulação para o peptídeo 0W-Histatina-5 está 

dentro da faixa esperada por se tratar de uma molécula solúvel, a qual apresenta-

se dissolvida no compartimento aquoso do lipossoma. Os resultados obtidos para 

eficiência de encapsulação corroboram com as medidas dos diâmetros médios 

dos lipossomas, uma vez que é observado um aumento do diâmetro médio dos 

lipossomas contendo 0W-Histatina-5, o que pode indicar que este peptídeo está 

no interior do lipossoma (NII, et al, 2005). 

Alguns estudos afirmam que a fluidez ou rigidez da bicamada lipídica 

interferem na eficiência de encapsulação, ocorrendo diminuição da eficiência de 
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encapsulação quanto mais rígida for a bicamada lipídica (ROY, et al, 2016). 

Desse modo a adição de alguns lipídeos podem modular esta característica da 

bicamada, como é o caso do colesterol, que ao ser adicionado na formulação dos 

lipossomas, diminui a fluidez da membrana, tornando-a mais rígida. Dessa forma, 

visto que todas as formulações de lipossomas estudadas possuem colesterol em 

sua composição, pode-se explicar a baixa eficiência de encapsulação obtida 

devido a adição do colesterol. 

De forma geral, a formulação contendo PEG foi a com maior eficiência de 

encapsulação se comparada com as demais, nas duas técnicas de obtenção 

utilizadas. A utilização de PEG em lipossomas reduz a captação dessas vesículas 

pelo sistema imune humano, aumentando seu tempo na circulação sanguínea e 

sua estabilidade (RON-DOITCH, et al, 2016). Outra vantagem de se utilizar PEG 

é conferir melhor adesão dos lipossomas em células de mucosa (JORAHOLMEN, 

M. W., et al, 2016), aumentando, inclusive, sua capacidade de penetração nesses 

tecidos.  

Por sua vez, a simplicidade da técnica de freeze-thaw para o preparo dos 

lipossomas, permite a produção de lipossomas de maneira mais rápida do que as 

técnicas de extrusão e sonicação, além de não necessitar de equipamentos 

específicos para a produção. Além disso os lipossomas obtidos por esta técnica 

apresentaram tamanhos maiores do que quando produzidos por extrusão ou 

sonicação e ainda apresentaram maiores resultados de eficiência de 

encapsulação de 0W-Histatina-5. 

A mudança da composição lipídica juntamente com a mudança da técnica 

de produção dos lipossomas proporcionou um grande aumento da eficiência de 

encapsulação, que ultrapassou 30% para a formulação T3 e chegou a 20% para a 

formulação T4. A ausência de colesterol na formulação T3 facilitou a 

encapsulação do peptídeo devido a fluidez da bicamada lipídica, já T4 pode ter 

apresentado menor eficiência de encapsulação por possuir este componente em 

sua bicamada.  

Por se tratar de uma técnica que produz lipossomas multilamelares, o 

peptídeo pode estar localizado entre as bicamadas lipídicas da estrutura por 
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haver mais espaços aquosos. Desse modo, tanto a técnica quanto às novas a 

formulações utilizadas, favoreceu a eficiência de encapsulação de 0W-Histatina-5.    

 

4.2. Estudos de cinética de morte celular para Candida albicans 

Os estudos de cinética de morte celular, foram realizados com o intuito de 

verificar a eficácia dos sistemas lipossomais em controlar o crescimento do micro-

organismo C. albicans por longos intervalos de tempo, que é o objetivo central da 

aplicação dos sistemas lipossomais propostos.  

Os resultados para estes estudos podem ser vistos nas Figuras 40, 41 e 

42, e mostram que durante 12 horas o peptídeo inibiu o crescimento do micro-

organismo de forma semelhante ao fluconazol. Foi utilizada uma dose de 257,8 

µg/mL de 0W-Histatina-5 e uma dose de 512 µg/mL de fluconazol, demostrando 

que 0W-Histatina-5 em uma dosagem menor do que fluconazol é capaz de 

realizar a mesma inibição. Esse resultado está de acordo com MOFFA et al., 

(2015b), que encontrou inibição na faixa de 800 a 25 µg/mL para Histatina-5. Ao 

incubar o peptídeo com C. albicans por somente 1,5 horas, MOFFA et al., (2015b) 

obteve redução aproximada de 2 logs na UFC/mL. No gráfico da Figura 40, é 

possível observar que após 12 horas a redução foi de 4 logs na UFC/mL. Isso 

demostra que com tempo prolongado de tratamento com o peptídeo 0W-Histatina-

5, é possível obter uma maior redução do crescimento do micro-organismo, 

comparado ao peptídeo nativo Histatina-5. 

No entanto, MOFFA et al., (2015b) comprova que Histatina-5 sofre ação 

proteolítica quando presente na saliva humana, além de complexação com a 

enzima amilase salivar, o que gera a diminuição da ação antifúngica do peptídeo. 

Esses dois efeitos ocorrem rapidamente, assim que o peptídeo é misturado ao 

conteúdo total da saliva humana. A intenção de encapsular este peptídeo em 

lipossomas consiste na tentativa de protege-lo dessas ações indesejadas, 

permitindo que ação antifúngica ocorra por um período prolongado quando 

aplicado em seu local de ação. 
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Figura 40. Resultado do teste de cinética microbiana para o peptídeo 0W-
Histatina-5 livre (não encapsulado). 

 

Fonte: Zambom, C. R., 2019. 

 

Os resultados dos testes para os sistemas lipossomais desenvolvidos pelas 

técnicas de extrusão e sonicação (figuras 41 e 42, respectivamente) demostram 

atividade prolongada para todas as formulações produzidas. Para facilitar a 

montagem das figuras, as formulações DPPC/Chol, DPPC/Chol/PEG e 

DPPC/Chol/POPG foram denominadas F1, F2 e F3, respectivamente. 

Na figura 41A, após 24 horas de incubação, houve a redução de 3 logs na 

UFC/mL, que se manteve constante durante as 72 horas de teste, chegando a 

uma redução de 4 logs na UFC/mL ao final. 

Para os lipossomas obtidos por sonicação, figura 42A, após 24 horas de 

incubação a redução foi de 4 logs para F2 e F3 e de 2 logs para F1. Também 

houve manutenção dessa redução ao longo das 72 horas de teste. Para F2 e F3, 

a redução foi de 6 logs no tempo de 72 horas. 

É importante destacar ainda que os lipossomas vazios (Figura 41B e Figura 

42B) não demonstraram inibição para C. albicans. Assim, as formulações 

sozinhas não afetaram o crescimento do micro-organismo sendo, de fato, o 

peptídeo 0W-Histatina-5, o responsável pelo efeito antifúngico. 
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Figura 41. Resultados do teste de cinética microbiana para as formulações de 
lipossomas F1, F2 e F3 produzidos por extrusão; (A) lipossomas encapsulados 
com 0W-Histatina-5; (B) lipossomas na ausência do peptídeo 0W-Histatina-5 
(lipossomas brancos). 
 
 

 

 

 

Fonte: Zambom, C. R., 2019. 
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Figura 42. Resultados do teste de cinética microbiana para as formulações de 
lipossomas F1, F2 e F3 produzidos por sonicação; (A) lipossomas encapsulados 
com 0WHistatina-5; (B) lipossomas na ausência do peptídeo 0W-Histatina-5 
(lipossomas brancos). 
 

 

 

 

Fonte: Zambom, C. R., 2019. 

 

A 
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Outra observação importante é que HAN e colaboradores (2016), 

conseguiu reportar uma inibição próxima de 100% das células de C. albicans 

tratando-as com solução de Histatina-5 de concentração 16 µg/mL, após um 

tempo total de 1 hora. Isto demostra que o peptídeo Histatina-5 age muito bem 

nos primeiros momentos após adição ao meio. Dessa forma, nosso estudo 

demostra que o uso de um sistema nanocarreador, como os lipossomas, são 

capazes de prolongar o tempo de ação antifúngica do peptídeo, inibindo o 

crescimento do micro-organismo pelo tempo de 72 horas. 

Estes estudos trouxeram resultados bastante interessantes e puderam ser 

organizados e submetidos a um importante periódico da área, tendo sido 

publicado recentemente (ZAMBOM et al., 2019 – Anexo 9).  

 

4.3. Estudos do efeito sinérgico entre o peptídeo 0W-Histatina-5 e 
antifúngicos comerciais na inibição de Candida albicans 

 Uma outra estratégia que possui potencial no combate ao desenvolvimento 

de resistência antimicrobiana são as terapias combinatórias, nas quais são 

administrados dois ou mais fármacos que possuam ação contra o micro-

organismo alvo (CUI et al., 2015) . Além de diminuir o surgimento de mecanismos 

de resistência por parte dos micro-organismos, as terapias combinatórias têm a 

vantagem de permitir a diminuição da dose de administração dos fármacos sem 

alteração da atividade antimicrobiana e, como consequência, promover a redução 

dos efeitos toxicológicos dos fármacos (CUI et al., 2015).  

 A ocorrência de efeito sinérgico entre fármacos em terapia combinatória 

está, no geral, associada a diferentes mecanismos de ação de cada um dos 

fármacos (HOF et al., 2000) . Hof e colaboradores (2000) exploraram o efeito 

sinérgico entre Histatina-5 e alguns análogos e o antifúngico anfotericina-B (AmB) 

e obtiveram resultados satisfatórios, com os peptídeos sendo capazes de 

potencializar a atividade antifúngica da AmB mesmo quando presentes em 

concentrações abaixo da concentração inibitória mínima. 

 Um dos métodos utilizados para investigar a ocorrência de sinergia entre 

dois compostos é o método checkerboard, no qual é testada a susceptibilidade de 

um micro-organismo à combinações de diferentes concentrações dos fármacos. 
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Os dados de inibição do crescimento são então avaliados de acordo com 

modelos, que baseiam o sinergismo na diferença entre a inibição esperada 

(ymodelo) e a inibição observada (yobservado) para uma combinação. O que diferencia 

um modelo do outro é o cálculo de ymodelo.  

 No trabalho que desenvolvemos, foram utilizados esses modelos para 

avaliar o efeito sinérgico entre o peptídeo 0W-Histatina-5 e os fármacos 

comerciais nistatina (Nys) e fluconazol (Flu), a fim de obter a melhor combinação 

para o combate de C. albicans. 

Primeiramente é necessário estabelecer a concentração inibitória mínima 

(CIM) para o peptídeo 0W-Histatina-5 e para os fármacos, a qual consiste na 

concentração capaz de produzir inibição mínima de 90% no crescimento de C. 

albicans no período de 48 horas. Este teste foi realizado com três cepas de C. 

albicans diferentes, sendo elas: C. albicans ATCC 10231, C. albicans ATCC 

90028 e C. albicans ATCC 18804. 

Pela leitura da DO, no comprimento de onda de 570 nm, o valor de CIM foi 

de 258 µg.mL-1 (80 µmol.L-1) para as três cepas testadas. A cepa C. albicans 

ATCC 10231 apresenta um perfil de resistência ao fluconazol e, portanto, o fato 

de o valor de CIM do peptídeo ser o mesmo para ela e para as cepas não-

resistentes se torna bastante interessante do ponto de vista de combate às cepas 

que apresentam resistência a antifúngicos comerciais. O valor de CIM obtido se 

encontra dentro da faixa de concentrações relatada por Moffa e colaboradores 

(2015b) e é bastante semelhante ao relatado por Zambom e colaboradores 

(2019) . 

Para Nys, os valores de CIM obtidos foram 4 µg.mL-1 (4,3 µmol.L-1) para C. 

albicans ATCC 10231 e para C. albicans ATCC 90028. Já para a cepa C. albicans 

ATCC 18804, o valor obtido foi de 2 µg.mL-1 (2,2 µmol.L-1). Os resultados foram 

concordantes para o método de leitura de DO e para o método da resazurina e os 

valores são muito semelhantes aos relatados por Sardi e colaboradores (2016)  

para a cepa C. albicans ATCC 90028. 

Para Flu, pelo método de leitura de DO não foi possível observar inibição de 

90% do crescimento de nenhuma das cepas no intervalo de concentrações 

testado. Porém, pelo método de resazurina, foi possível determinar um valor de 
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CIM 4 µg.mL-1 (13 µmol.L-1) para a cepa C. albicans ATCC 90028. Os valores são 

próximos aos relatados por Sardi e colaboradores (2016). Para as demais cepas, 

o método da resazurina não indicou inibição significativa para nenhuma 

concentração de Flu. Tal observação já era esperada para a cepa C. albicans 

ATCC 10231 que, como destacado anteriormente, apresenta um perfil de 

resistência ao fluconazol. 

As matrizes de inibição obtidas através da média das duplicatas do método 

checkerboard para cada combinação estão representadas na Figura 43. 

 

Figura 43. Matrizes de inibição média obtidas no ensaio checkerboard. À 
esquerda, resultados para a associação 0W-Histatina-5/Nys e à direita, para a 
associação 0W-Histatina-5/Flu. A concentração do peptídeo está representada 
em µmol.L-1 e a concentração dos fármacos está representada em µg.mL-1.  

 

Fonte: Fonseca, F. H., 2019. 

 

Inicialmente, a partir das matrizes de inibição, foi calculado a concentração 

inibitória fracionária (CIF). Para esse cálculo, foi utilizada a menor combinação de 

concentrações fármaco/peptídeo que promoveu inibição maior ou igual a 90% 

(CIMC) e a CIM dos fármacos e do peptídeo agindo individualmente, 

anteriormente relatadas. Para a combinação 0W-Histatina-5/Nys, a condição de 
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90% de inibição foi satisfeita pela combinação 129 µg.mL-1/1 µg.mL-1, o que 

resulta em um valor de CIF igual a 0,75. Para a combinação 0W-Histatina-5/Flu, a 

condição de 90% de inibição foi satisfeita pela combinação 65 µg.mL-1/1 µg.mL-1, 

o que resulta em um valor de CIF igual a 0,5. O valor obtido para ambas as 

combinações é indicativo de um efeito aditivo entre o peptídeo e cada um dos 

fármacos (SARDI et al., 2016).  

A partir dos cálculos realizados pela plataforma também é gerado um mapa 

de contorno que relaciona a pontuação de sinergismo para cada uma das 

combinações fármaco/peptídeo. Esse gráfico está representado na Figura 44 e 

nele é possível visualizar as combinações mais sinérgicas. O interesse nessas 

regiões está justamente na possibilidade de definir a concentração de peptídeo e 

fármaco nos sistemas lipossomais. 

 

Figura 44. Mapa de contorno representando os diferentes valores de δ obtidos no 
ensaio checkerboard. À esquerda, resultados para a associação 0W-Histatina-
5/Nys. À direita, para a associação 0W-Histatina-5/Flu. A concentração do 
peptídeo está representada em µmol.L-1 e a concentração dos fármacos está 
representada em µg.mL-1.  

 

Fonte: Fonseca, F. H., 2019. 

 

Na Figura 44 (esquerda), na qual está representada a combinação 0W-

Histatina-5/Nys, apesar da pontuação média indicativa de antagonismo, é 
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possível observar uma região de sinergismo centrada na CIM do peptídeo e na 

concentração de 1 µg.mL-1 de Nys. 

Para a combinação 0W-Histatina-5/Flu, na Figura 44 (direita), a região de 

maior sinergismo se encontra em valores acima da CIM do fármaco. Porém, 

mesmo fora dessa região, ainda foram observadas pontuações de sinergismo 

bastante significativas, como a observada para a combinação de 2 µg.mL-1 de Flu 

com 129 µg.mL-1 do peptídeo.  

Os ensaios de checkerboard permitiu verificar uma interação sinérgica entre 

o peptídeo 0W-Histatina-5 e os fármacos nistatina e fluconazol, sendo observada 

uma interessante combinação com concentrações dos fármacos bem abaixo da 

CIM definida para cada um deles e, com relação ao peptídeo, em concentrações 

que não ultrapassam a CIM definidas para as três cepas estudadas de C. 

albicans. 

Com a realização dos ensaios de avaliação do efeito sinérgico, foi dado 

início ao processo de produção dos sistemas lipossomais, com o peptídeo 

encapsulado, baseado nos valores de concentrações do peptídeo e dos fármacos 

obtidos a partir do ensaio checkerboard. Serão realizados os ensaios de 

caracterização física dos lipossomas, bem como o estudo de estabilidade e de 

cinética de liberação. Por fim, será avaliado o potencial de inibição do crescimento 

de C. albicans dos sistemas produzidos, através do ensaio time-kill, a fim de 

observar a capacidade de ação prolongada do sistema. 

Talvez a contribuição mais importante que os estudos envolvendo o 

peptídeo Histatina-5 puderam demonstrar, é a viabilidade de aplicação do mesmo 

no combate prolongado do micro-organismo Candida albicans, o que vinha sendo 

considerado um grande desafio para este peptídeo, já que a taxa de degradação 

demonstrada para o mesmo no ambiente bucal é alta, bem como a capacidade 

que Histatina-5 apresenta em interagir com a amilase salivar, formando um 

complexo que inativa a capacidade antifúngica do peptídeo. Neste sentido, 

acreditamos que os estudos envolvendo sistemas lipossomais e sinergismo 

deverão ser continuados com o objetivo de demonstrar a aplicabilidade desta 

classe de biomoléculas na área de saúde. 

 



Parte II: Aplicação de peptídeos sintéticos na área da saúde                        97 
_________________________________________________________________________ 
 

 

 

5. Referências bibliográficas 

ALAVI, M.; KARIMI, N.; SAFAEI, M. Application of various types of liposomes in 
drug delivery systems. Adv. Pharm. Bull., vol. 7, p. 3-9, 2017. 
 
ARAÚJO, D.R; PINTO, L.M.A; BRAGA, A.F.A; PAULA, E. Formulações de 
anestésicos locais de liberação controlada: Aplicações Terapêuticas. Revista 
Brasileira de Anestesiologia, vol. 53, n. 5, p. 663-671, 2003. 
 
AUNPAD R & NA-BANGCHANG K. Pumilicin 4, a novel bacteriocin with anti-mrsa 
and anti-vre activity produced by newly isolated bacteria Bacillus pumilus strain 
WAPB4. Current Microbiology, n. 55, p. 308-313, 2007. 
 
BAEV, D.; LI, X. S.; DONG, J.; KENG, P.; EDGERTON, M. Human salivary histatin 
5 causes disordered volume regulation and cell cycle arrest in Candida albicans. 
Infect. Immun, n. 70, p. 4777-4784, 2002. 
 
BAHASSI, E. M.; SALMON, M. A.; VAN MELDEREN, L.; BERNARD, P.; 
COUTURIER, M. F plasmid CcdB killer protein: ccdB gene mutants coding for 
non-cytotoxic proteins which retain their regulatory functions. Mol. Microbiol., v. 
15,       
p. 1031-1037, 1995. 
 
BARBEDO, L. S.; SGARBI, D. B. G. Candidíase. DST Rev, v. 22. n.1, p. 22-38, 
2010. 
CALDERONE, R. A.; FONZI, W. A. Virulence factors of Candida albicans. Trends 
in Microbiology, v. 9, n. 7, p. 327–335, jul. 2001.  
 
BERGER, C. N.; SODHA, S. V.; SHAW, R. K.; GRIFFIN, P. M.; PINK, D.; HAND, 
P.; FRANKEL, G. Fresh fruit and vegetables as vehicles for the transmission of 
human pathogens. Environmental Microbiology, Chichester, v. 12, n. 9, p. 2385-
2397, 2010. 
 
BERNARD, P.; COUTURIER, M. Cell killing by the F plasmid CcdB protein 
involves poisoning of DNA-topoisomerase II complexes. J. Mol. Biol., v. 226, n. 3, 
p. 735-745, 1992. 
 
BERNARD, P.; KÈSDY, K. E.; VAN MELDEREN, J. S.; WYNS, L.; PATO, M. L.; 
HIGGINS, P. N.; COUTURIER, M. The F plasmid CcdB protein induces efficient 
ATP-dependent DNA cleavage by gyrase. J. Mol. Biol., v. 234, p. 534-541, 1993. 
 
CALDERONE, R.A; FONZI, W.A. Virulence factors of Candida albicans. TRENDS 
in Microbiology, v. 9, n. 7, p. 327-335, 2001. 
 
CANNON, R. D.; CHAFFIN, W. L. Oral colonization by Candida albicans. Crit. 
Ver. Oral Biol. Med., vol. 10, p. 359–383, 1999. 
 



Parte II: Aplicação de peptídeos sintéticos na área da saúde                        98 
_________________________________________________________________________ 
 

 

 

CANNON, R.D; LAMPING, E; HOLMES, A.R; NIIMI, K; TANABE, K; NIIMI, M; et 
al. Candida albicans drug resistace another way to cope wiht stress. 
Microbiology, vol. 153, n. 7, p. 3211-3217, October, 2007. 
 
CARDOSO, L.; ARAÚJO, W. M. C. Parâmetros de qualidade em produtos prontos 
para consumo imediato e congelados artesanais comercializados no distrito 
Federal no período de 1997-2001. Higiene Alimentar, v. 17, n. 109, p. 40-44, 
2003. 
 
CHALÓN, M. C.; ACUÑA, L.; MORERO, R. D.; MINAHK, C. J.; BELLOMIO, A. 
Membrane-active bacteriocins to control Salmonella in foods: are they the definite 
hurdle. Food Research International, v. 45, n. 2, p. 735-744, 2012. 
 
CHANDRA, J.; MUKHERJEE, P. K.; LEIDICH, S. D.; FADDOUL, F. F.; HOYER, L. 
L.; DOUGLAS, L. J.; et al. Ghannoum, antifungal resistance of candidal biofilms 
formed on denture acrylic in vitro. J. Dent. Res., v.  80, p. 903–908, 2001. 
 
CHE, CHI-MING; SIU, FUNG-MING. Metal complexes in medicine with a focus on 
enzyme inhibition. Current Opinion in Chemical Biology, v. 14, p. 255-261, 
2010. 
 
CHORILLI, M; RIMÉRIO, T.C; OLIVEIRA, A.G; SCARPA, M.V. Estudo da 
estabilidade de lipossomas compostos de fosfatidilcolina de soja e fosfatidilcolina 
de soja hidrogenada adicionados ou não de colesterol por método turbidimétrico. 
Latin American Journal of Pharmacy, vol. 26, p. 31-37, 2007. 
 
COLE, G. T.; HALAWA, A. A.; ANAISSIE, E. The role of the gastrointestinal tract 
in hematogenous Candidiasis: from the laboratory to the bedside. Clinical 
Infectious Diseases, v. 22 (Suppl 2), p. S73-87, 1996. 
 
COSTA, A. P.; XU, X.; BURGESS, D. J. Freeze-anneal-thaw cycling of unilamellar 
liposomes: effect on encapsulation efficiency. Pharmaceutical Research, v. 31, 
p. 97–103, 2014.  
 
COUTURIER, M.; BAHASSI, M.; VAN MELDEREN, L. Bacterial death by DNA 
gyrase poisoning. Trends in Microbiology, v. 6, p. 269-275, 1998. 
 
CRITCHLOW, S. E.; O’DEA, M. H.; HOWELLS, A. J.; COUTURIER, M.; 
GELLERT, M.; MAXWELL, A. The interaction of the F-plasmid killer protein CcdB 
with DNA gyrase: induction of DNA cleavage and blocking of transcription. J. Mol. 
Biol., v. 273,    p. 826-839, 1997. 
 
CRUSCA, E. Jr.; REZENDE, A. A.; MARCHETTO, R.; MENDES-GIANNINI, M. J.; 
FONTES, W.; CASTRO, M. S.; CILLI, E. M. Influence of N-terminus modifications 
on the biological activity, membrane interaction, and secondary structure of the 
antimicrobial peptide Hylin-a1. Biopolymers, v. 96, n. 1, p. 41-48, 2011. 
 



Parte II: Aplicação de peptídeos sintéticos na área da saúde                        99 
_________________________________________________________________________ 
 

 

 

CUI, J. et al. Synergistic combinations of antifungals and anti-virulence agents to 
fight against Candida albicans. Virulence, v. 6(4), p. 362–371, 2015. 
 
DAO-THI, M.-H.; VAN MELDEREN, L.; DE GENST, E.; AFIF, H.; BUTS, L.; 
WYNS, L.; LORIS, R. Molecular basis of gyrase poisoning by addiction toxin 
CcdB. J. Mol. Biol., v. 248, p. 1091-1102, 2005. 
 
EBRAHIMI, H. A.; JAVADZADEH, Y.; HAMIDI, M.; JALALI, M. B. Repaglinide-
loaded solid lipid nanoparticles: effect of using different surfactants/stabilizers on 
physicochemical properties of nanoparticles. DARU Journal of Pharmaceutical 
Sciences, v. 23(1), p. 46, 2015. 
EFSA - European Food Safety Authority. The Community Summary Report On 
Trends And Sources Of Zoonoses, Zoonotic Agents, Antimicrobial Resistance And 
Foodborne Outbreaks In The European Union In 2007.  
 
FONSECA, F. H. Avaliação do efeito sinérgico entre o peptídeo 0W-Histatina-
5 e antifúngicos comerciais em sistemas lipossomais na inibição de 
Candida albicans. 2019. Instituto de Química - Universidade Estadual Paulista 
Júlio de Mesquita Filho, 2019. 
 
FREDERICQ, P. Colicins. Annu Review Microbiology, v. 11, p. 7–22, 1957. 
 
FRÉZARD, F; SCHETTINI, D.A; ROCHA, O.G.F; DEMICHELI, C. Lipossomas: 
propriedades físico-químicas e farmacológicas, aplicações na quimioterapia à 
base de antimônio. Química Nova, vol. 28, n. 3, p. 511-518, 2005. 
 
GABANT, P.; SZPIRER, C. Y.; COUTURIER, M.; FAELEN, M.  Direct selection 
cloning vectors adapted to the genetic analysis of Gram-negative bacteria and 
their plasmids.  Gene, v. 207, p. 87-92, 1998. 
 
GÁLVEZ, A.; ABRIOUEL, H.; LÓPEZ, R. L.; OMAR, N. B. Bacteriocin-based 
strategies for food biopreservation. International Journal of Food Microbiology, 
v.120, p. 51-70, 2007. 
 
GARRIDO, S. S. NOVOS INIBIDORES PEPTÍDICOS DE TOPOISOMERASES 
BACTERIANAS ESTRUTURALMENTE DERIVADOS DA PROTEÍNA CcdB. 
2007. Instituto de Química - Universidade Estadual Paulista Júlio de Mesquita 
Filho, 2007.  
 
HAN, J.; JYOTI, M. A.; SONG, H.-Y.; JANG, W. S. Antifungal Activity and Action 
Mechanism of Histatin 5-Halocidin Hybrid Peptides against Candida ssp. PLOS 
ONE, v. 11(2), e0150196, 2016. 
 
HANCOCK, R. E.; FALLA, T.; BROWN, M. Cationic bactericidal peptides. 
Advanced Microbiology Physiology, v.37, p.135-175, 1995. 
HASHIMI, S. M.; WALL, M. K.; SMITH, A. B.; MAXWELL, A.; BIRCH, R. G. The 
phytotoxin albicidin is a novel inhibitor of DNA gyrase. Antimicrob. Agents 
Chemother., v. 51, p. 181-187, 2007. 



Parte II: Aplicação de peptídeos sintéticos na área da saúde                        100 
_________________________________________________________________________ 
 

 

 

 
HARFORD, C.; SARKAR, B. Amino Terminal Cu(II)- and Ni(II)-Binding (ATCUN) 
Motif of Proteins and Peptides:  Metal Binding, DNA Cleavage, and Other 
Properties. Acc. Chem. Res., v. 30, p. 123-130, 1997.   
 
HAYES, F. Toxins-antitoxins: plasmid maintenance, programmed cell death, and 
cell cycle arrest. Science, v. 301, p. 1496-1499, 2003. 
 
HAWSER, S. P.; DOUGLAS, L. J. Resistance of Candida albicans biofilms to 
antifungal agents in vitro. Antimicrob Agents Chemother, v. 39, p. 2128-2131, 
1995. 
 
HELMERHORST, E. J.; BREEUWER, P.; VAN’T HOF, W.; WALSGREEN-
WETERINGST, E.; OOMEN, L.; VEERMAN, E.; AMERONGEN, A. V.; ABEE, T. 
The cellular target of Histatin 5 on Candida albicans is the energised 
mitochondrion. J. Biol. Chem, n. 56, p. 7286-7291, 1999. 
HELMERHORST, E. J.; TROXLER, R. F.; OPPENHEIM, F. G. The human salivary 
peptide histatin 5 exerts its antifungal activity through formation of reactive oxygen 
species. Proc. Natl Acad.Sci, n. 98, p. 14637-14642, 2001. 
 
HOF, W. VAN’T et al. Synergistic effects of low doses of histatin 5 and its 
analogues on amphotericin B anti-mycotic activity. Antonie van Leeuwenhoek, v. 
78(2), p. 163–169, 2000. 
 
JAFFÉ, A.; OGURA, T.; HIGARA, S.  Effects of the ccd funtion of the F Plasmid on 
bacterial growth.  J. Bacteriol., v. 163, p. 841-849, 1985 
 
JOHNSON, E.M; WARNOCK, D.W; LUKER, J; PORTER, S.R; SCULLY, C. 
Emergence pf azole drug resistance in Candida species from HIV-infected patients 
receiving prolonged fluconazol therapy for oral candidosis. Journal of 
Amtimicrobial Chemotherapy, vol. 35, n. 1, p. 103-114, 1995. 
 
JORAHOLMEN, M. W.; BASNET, P.; GANESH A.; SKALKO-BANET, N. 
PEGylated liposomes for topical vaginal therapy improve delivery of interferon 
alpha. European journal of pharmaceutics and biopharmaceutics, v. 113, 
2016. 
 
KAVANAGH, K.; DOWD, S. Histatins: antimicrobial peptides with therapeutic 
potential. Journal of Pharmacy and Pharmacology, n. 56, p. 285-289, 2004.  
 
LEE, H.; KIM, H. Lantibiotics, Class I Bacteriocins from Genus Bacillus. Journal 
Microbiology Biotechnology, n. 21, p. 229-235, 2011. 
 
LEWUS, C. B.; KAISER, A.; MONTVILLE, T. J. Inhibition of food-borne bacterial 
pathogens by bacteriocins from lactic acid bacteria isolated from meat. Applied 
Environment Microbiology, v. 57, n.6, p. 1683-1688, 1991. 
 



Parte II: Aplicação de peptídeos sintéticos na área da saúde                        101 
_________________________________________________________________________ 
 

 

 

LORENZÓN, E. N. Efeitos da dimerização na estrutura e atividade biológica 
dos peptídeos antimicrobianos Aureína 1.2 e Magainina 2. 2015. 117 f. Tese 
(Doutorado em Biotecnologia) - Instituto de Química, Universidade Estadual 
Paulista, Araraquara, 2015. 
 
LORIS, R.; DAO-THI, M. H.; BAHASSI, E. M.; VAN MELDEREN, L.; 
POORTMANS, F.; LIDDINGTON, R.; COUTURIER, M.; WYNS, L. Crystal 
structure of CcdB, a topoisomerase poison from E-coli. J. Mol. Biol., v. 285, p. 
1667-1677, 1999. 
 
LI, Y.; SU, T.; ZHANG, Y.; HUANG, X.; LI, J.; LI, C. Liposomal co-delivery of 
daptomycin and clarithromycin at an optimized ratio for treatment of methicillin-
resistant Staphylococcus aureus infection. Drug Deliv., v. 22(5), p. 627–637, 
2015.  
 
LICHTENBERG, D.; BARENHOLZ, Y.  Liposomes: preparation, characterization, 
and preservation.  Methods Biochem. Anal., v. 33, p. 337-462, 1988. 
 
MAKI, S.; TAKIGUCHI, S.; MIKI, T.; HORIUCHI, T.  Modulation of DNA 
supercoiling activity of Escherichia coli DNA gyrase by F plasmid proteins. J. Biol. 
Chem., v. 267, n. 17, p. 12244-12251, 1992.  
 
MAKI, S.; TAKIGUCHI, S.; HORIUCHI, T.; SEKIMIZU, K.; MIKI, T.  Partner 
switching mechanisms in inactivation and rejuvenation of Escherichia coli DNA 
gyrase by F plasmid proteins LetD (CcdB) and LetA (CcdA).  J. Mol. Biol., v. 256, 
p. 473-482, 1996. 
 
MALIPEDDI, H.; JAMBULINGAM, R. Docking, synthesis and anticancer activity of 
metallo peptides using solution phase peptide technique. Int. J. Pharm. Sci. Rev. 
Res., v. 21(2), p. 1-6, 2013. 
 
MARTIN, A.; CAMACHO, M.; PORTAELS, F.; PALOMINO, J. C.  Resazurin 
microtiter assay plate testing of Mycobcterium tuberculosis susceptibilities to 
second-line drugs: rapid, simple, and inexpensive method. Antim. Agents and 
Chem., v. 47,  n. 11, p. 3616-3619, 2003. 
 
MAXWELL, A.  DNA gyrase as a drug target.  Trends in Microbiology, v. 5, p. 
102-109, 1997. 
 
MOFFA, E.B; MACHADO, M.A.A.M; MUSSI, M.C.M; XIAO, Y; GARRIDO, S.S; 
GIAMPAOIO, E.T; SIQUEIRA, W.L. In vitro identification of histatin 5 salivary 
complexes. PLoS ONE, vol. 10, p. 1-13, 2015a. 
 
MOFFA, E.B; MACHADO, M.A.A.M; MUSSI, M.C.M; XIAO, Y; GARRIDO, S.S; 
GIAMPAOIO, E.T; SIQUEIRA, W.L. Histatin 5 inhibits adhesion of C. albicans to 
reconstructed human oral epithelium. Frontiers in Microbiology, vol. 6, p. 1-7, 
2015b. 
 



Parte II: Aplicação de peptídeos sintéticos na área da saúde                        102 
_________________________________________________________________________ 
 

 

 

MOHAN, A.; MCCLEMENTS, D. J.; UDENIGWE, C. C. Encapsulation of bioactive 
whey peptides in soy lecithin-derived nanoliposomes: Influence of peptide 
molecular weight. Food Chemistry, v. 213, p. 143–148, 2016.  
 
MORENO, I. Efeito e modo de ação das bactericinas produzidas por Lactococcus 
lactis subsp. lactis ITAL 383, ATCC 11454 e CNRZ 150 contra Listeria innocua 
LIN 11. Ciência Tecnologia Alimentos, v. 19, n. 1, p. 23-28, 2000. 
 
MIKI, T.; YOSHOIKA, K.; HORIUCHI, T. Control of cell division by sex factor F in 
Escherichia coli. I. The 42.84-43.6 F segment couples cell division of the host 
bacteria with replication of plasmid DNA. J. Mol. Biol., v. 174, p. 605-625, 1984. 
 
NCCLS- National Committee for Clinical Laboratory Standards. Methods for 
determining bactericidal activity of antimicrobial agents: Approved guideline M26-
A. Wayne, Pennsylvania, USA, 1999. 
 
NEW, R.R.C. Liposomes: a practical approach. Oxford University Press, New 
York, p.33-161, 1990. 
 
NII, T.; ISHII, F. Encapsulation efficiency of water-soluble and insoluble drugs in 
liposomes prepared by the microencapsulation vesicle method. International 
Journal of Pharmaceutics, v. 298(1), p. 198–205, 2005. 
 
OGURA, T.; HIRAGA, S. Mini F plasmid gene that couple host cell division to 
plasmid proliferation. Proc. Nat. Acad. Sci., v. 80, p. 4784-4788, 1983. 
 
OMWANDHO, C. O. A.; KUBOTA, T. Salmonella enterica sorovar Enteritidis: a 
Mini-review of contamination routes and limitations to effective control. Japan 
Agricultural Research Quarterly, v. 44, n. 1, p. 7-16, 2010. 
 
PAPATHANASOPOULOS, M.A.; DYKES, G.A.; REVOL-JUNELLES, A.M.; 
DELFOUR, A.; VON HOLY, A.; HASTINGS, J.W. Sequence and structural 
relationships of leucocins A-, B- and C-TA33a from Leuconostoc mesenteroides 
TA33a. Microbiology, v. 144, p. 1343-1348, 1998.  
 
PEREZ, R. H.; ZENDO, T.; SONOMOTO, K. Novel bacteriocins from lactic acid 
bactéria (LAB): various structures and applications. Microbial Cell Factories, v. 
13, 2014. 
 
PROFTI, C. S. F. Síntese, estudos estruturais e de atividades biológicas de 
metalopeptídeos estruturalmente derivados da toxina CcdB. 76 f. 2006. 
Dissertação (Mestrado em Biotecnologia) – Instituto de Química, Universidade 
Estadual Paulista, Araraquara, 2019. 
 
PURI, S.; LI, R.; RUSZAJ, D.; TATI, S.; EDGERTON, M. Iron Binding Modulates 
Candidacidal Properties of Salivary Histatin 5. Journal of Dental Research, v. 
94(1), p. 201–208, 2015. 
 



Parte II: Aplicação de peptídeos sintéticos na área da saúde                        103 
_________________________________________________________________________ 
 

 

 

ROCHA, D.P.; PINTO, G.F.; RUGGIERO, R.; OLIVEIRA, C.A.; GUERRA, W.; 
FONTE, A.P.S.; TAVARES, T.T.; MARZANO, I.M.; PEREIRA-MAIA, E.C. 
Coordenação de metais a antibióticos como uma estratégia de combate à 
resistência bacteriana. Química Nova, v. 34, n. 1, p. 111-118, 2011 
 
RODRIGUES, T. T. Revisão bibliográfica da utilização de bacteriocinas como 
conservantes alimentícios na última década. 53 f. Monografia de conclusão de 
curso (Graduação em farmácia) – Unochapecó, Chapecó. 2010. 
 
RON-DOICH, S; SAWODNY, B; KUHBACHER, A; DAVID, M.M.N; SAMANTA, A; 
PHOPASE, J; BURGUER-KENTISCCHER, A; GRIFFITH, M; GOLOMB, G; RUPP, 
S. Reduced cytotoxicity and enhanced bioactivity of cationic antimicrobial peptides 
liposomes in cell cultures and 3D epidermis model against HSV. Journal of 
Controlled Release, 2016. 
 
ROY, B.; GUHA, P.; BHATTARAI, R.; NAHAK, P.; KARMAKAR, G.; CHETTRI, P.; 
PANDA, A. K. Influence of lipid composition, pH, and temperature on 
physicochemical properties of liposomes with curcumin as model drug. Journal of 
Oleo Science, v. 65(5), p. 399–411, 2016.  
 
SARDI, J. C. O, SCORZONI, L.; BERNARDI, T.; FUSCO-ALMEIDA A. M.; 
GIANNINI,M. J. S. M. Candida species: current epidemiology, pathogenicity, 
biofilm formation, natural antifungal products and new therapeutic options. Int. J. 
Med. Microbiol., v. 62, p. 10-24, 2013. 
 
SARDI, J. C. O.; GULLO, F. P.; FREIRES, I. A.; PITANGUI, N. S.; SEGALLA, M. 
P.; FUSCO-ALMEIDA, A. M.; ROSALEN, P. L.; REGASINI, L. O.; MENDES-
GIANNINI, M. J. S. Synthesis, antifungal activity of caffeic acid derivative esters, 
and their synergism with fluconazole and nystatin against Candida spp. 
Diagnostic Microbiology and Infectious Disease, v. 86(4), p. 387–391, 2016. 
 
SATO, M. R.; OSHIRO JUNIOR, J. A.; MACHADO, R. T. A.; DE SOUZA, P. C.; 
CAMPOS, D. L.; PAVAN, F.; DA SILVA, P. B.; CHORILLI, M. Nanostructured lipid 
carriers for incorporation of copper(II) complexes to be used against 
Mycobacterium tuberculosis. Drug Design, Development and Therapy, v. 11, p. 
909–921, 2017. 
 
SILVA, J. C. M. Síntese, caracterização e estudos da atividade biológica de 
peptídeos antimicrobianos derivados de Leucocinas TA33a. 2017. 75 f. 
Dissertação (Mestrado em Biotecnologia) – Instituto de Química, Universidade 
Estadual Paulista, Araraquara, 2017. 
 
Sistema de Informação de Agravos de Notificação (SINAN – Ministério da Saúde), 
2017. Surtos de doenças transmitidas por alimentos no Brasil. Acessado em: 
09 de junho de 2017.  
Disponível em: 
http://portalarquivos.saude.gov.br/images/pdf/2017/maio/29/Apresentacao-Surtos-
DTA-2017.pdf. 

http://portalarquivos.saude.gov.br/images/pdf/2017/maio/29/Apresentacao-Surtos-DTA-2017.pdf
http://portalarquivos.saude.gov.br/images/pdf/2017/maio/29/Apresentacao-Surtos-DTA-2017.pdf


Parte II: Aplicação de peptídeos sintéticos na área da saúde                        104 
_________________________________________________________________________ 
 

 

 

 
SMITH, A. B.; MAXWELL, A. A strand-passage conformation of DNA gyrase is 
required to allow the bacterial toxin, CcdB, to access its binding site. Nucleic 
Acids Res., v. 34, p. 4667-4676, 2006. 
 
SZOKA, F, Jr.; PAPAHADJOPOULOS, D. Comparative properties and methods of 
preparation of lipid vesicles (liposomes). Annu. Ver. Biophys. Bioeng., v. 9, p. 
467-508, 1980. 
 
TAYLOR, A. W.; COVENEY, J.; WARD, P. R.; HENDERSON, J.; MEYER, S. B.; 
PILKINGTON, R.; GILL, T. K. Fruit and vegetable consumption - the influence of 
aspects associated with trust in food and safety and quality of food. Public Health 
Nutrition, v. 15, p. 208-217, 2012. 
 
 
TROVATTI, E. Síntese e estudos de inibição da atividade da DNA girase por 
análogos peptídicos da toxina bacteriana CcdB. 109 f. 2006. Tese (Doutorado 
em Biotecnologia) – Instituto de Química, Universidade Estadual Paulista, 
Araraquara, 2006. 
 
TROVATTI, E.; COTRIM, C.; GARRIDO, S.S.; BARROS, R.S.; MARCHETTO, R. 
Peptides based on CcdB protein as novel inhibitors of bacterial topoisomerases. 
Biorganic & Medicinal Chemistry Letters, v. 18, n. 23, p. 6161-6164, 2008. 
 
VAN MELDEREN, L.; THI, M. H. D.; LECCHI, P.; GOTTESMAN, S.; COUTURIER, 
M.; MAURIZI, M. R. ATP-dependent degradation of CcdA by Lon protease - 
Effects of secondary structure and heterologous subunit interactions.  J. Biol. 
Chem., v. 271, p. 27730-27738, 1996.  
 
VAZ, A. B. S. Síntese, caracterização, atividade biológica e sinérgica de 
peptídeos antimicrobianos análogos às bacteriocinas de Leuconostoc 
mesenteroides TA33a. 99 f. Tese (Doutorado em Biotecnologia) - Instituto de 
Química, Universidade Estadual Paulista, Araraquara, 2018. 
 
WAN, X.; SARIS, P. E. J.; TAKALA, T. M. Genetic characterization and expression 
of leucocin B, a class IId bacteriocin from Leuconostoc carnosum 4010. Research 
in Microbiology, v. 166, n. 6, p. 494-503, 2015. 
 
WANG, H.; CHENG, H.; WANG, F.; WEI, D.; WANG, X. An improved 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) reduction assay for 
evaluating the viability of Escherichia coli cells. Journal of microbiological 
Methods, v. 82, p. 330-333, 2010. 
 
YAJKO, D. M.; MADEJ, J. J.; LANCASTER, M. V.; SANDERS, C. A.; OWTHON, 
V. L.; GEE, B. Colorimetric method for determining MICs of antimicrobial agents 
for Mycobacterium tuberculosis. J. Clin. Microbiol., v. 33, p. 2324-2327, 1995. 
 



Parte II: Aplicação de peptídeos sintéticos na área da saúde                        105 
_________________________________________________________________________ 
 

 

 

ZAMBOM, C. R. Desenvolvimento e caracterização de lipossomas com 
diferentes composições lipídicas contendo o peptídeo antifúngico 
0WHistatina-5. 2018. Instituto de Química - Universidade Estadual Paulista Júlio 
de Mesquita Filho, 2018. 
 
ZAMBOM, C. R. et al. A Novel Antifungal System With Potential for Prolonged 
Delivery of Histatin 5 to Limit Growth of Candida albicans. Frontiers in 
Microbiology, v. 10, 2019. 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parte III: 

 Anexos 
 

                                                                                                                                                                  



 

 

 

 

 

 

 

 

ANEXO 1 
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Abstract: Bacterial DNA gyrase, has been identified as the target

of several antibacterial agents, including the coumarin drugs. The

coumarins inhibit the gyrase action by competitive binding to the

ATP-binding site of DNA gyrase B (GyrB) protein. The high in vitro

inhibitory potency of coumarins against DNA gyrase reactions has

raised interest in studies on coumarin–gyrase interactions. In this

context, a series of low-molecular weight peptides, including the

coumarin resistance-determining region of subunit B of

Escherichia coli gyrase, has been designed and synthesized. The

first peptide model was built using the natural fragment 131–146

of GyrB andwas able to bind to novobiocin (Ka ¼ 1.8 ± 0.2 · 105/M)

and ATP (Ka ¼ 1.9 ± 0.4 · 103/M). To build the other sequences,

changes in the Arg136 residue were introduced so that the binding

to the drug was progressively reduced with the hydrophobicity of

this residue (Ka ¼ 1.3 ± 0.1 · 105/M and 1.0 ± 0.2 · 105/M for Ser

and His, respectively). No binding was observed for the change

Arg136 to Leu. In contrast, the binding to ATP was not altered,

independently of the changes promoted. On the contrary, for

peptide–coumarin and peptide–ATP complexes, Mg2+ appears to

modulate the binding process. Our results demonstrate the crucial

role of Arg136 residue for the stability of coumarin–gyrase complex

as well as suggest a different binding site for ATP and in both cases

the interactions are mediated by magnesium ions.
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Introduction

The intracellular target of the coumarin group of antibac-

terial agents is DNA gyrase. Gyrase is an essential bacterial

protein of the topoisomerase family which uniquely cata-

lyses the negative supercoiling of DNA using the free energy

released by ATP hydrolysis (1,2). The structural and bio-

chemical functions of the Escherichia coli DNA gyrase have

been extensively studied. This enzyme consists of two pro-

teins, A (GyrA) and B (GyrB), of molecular masses 97- and

90-kDa, respectively, which form an A2B2 active complex

(1,3). The A subunit is functionally divided into a 64-kDa

N-terminal and a 33-kDa C-terminal domain, mainly

involved in DNA breakage-reunion and DNA wrapping,

respectively (4,5). The B protein contains a 43-kDa

N-terminal domain, which includes the ATP-binding site,

and a 47-kDa C-terminal domain which interacts with GyrA

and DNA (6,7). The N-terminal domain includes two sub-

domains (24-kDa N-terminal part and 19-kDa C-terminal

part). The ATP-binding site is located in the first subdomain

(7).

Because gyrase is an essential enzyme in prokaryotes but is

not found in eukaryotes, it is an ideal target for several classes

of antibacterial agents, including the quinolone and couma-

rin groups (8,9). The coumarins (e.g. novobiocin; Fig. 1A) are

naturally occurring compounds that inhibit the gyrase action

by competitively binding to the ATP-binding site (10–13).

Information regarding the amino acid residues important

in coumarin interaction has come firstly from studies on

coumarin-resistant bacterial strains. Point mutations of

GyrB that confer resistance to the coumarins all lies at the

24-kDa subdomain of GyrB protein. One residue in partic-

ular, Arg136, appears to play an important role in deter-

mining coumarin resistance as mutations at this residue

have been found in several coumarin-resistant clinical iso-

lates of E. coli (14,15). X-ray crystallographic studies (16–18)

have also been revealing Arg136 as a fundamental residue for

coumarin interactions, as well as an indirect link of the

enzyme with the ATP (3).

The coumarins are powerful inhibitors of the gyrase

supercoiling and ATPase reactions however, they have not

enjoyed the same pharmaceutical success as the quinolo-

nes: toxicity, permeability and solubility problems have

prevented widespread clinical use. Despite this, the interest

regarding the production of new biologically active products

has stimulated additional studies on molecular mechanism

of coumarin binding, including a better understanding of

the key contacts between the coumarins and the enzyme. In

studies for this purpose, the 43- and 24-kDa N-terminal

fragments of GyrB prepared from different E. coli strains

have been frequently employed (6,7,12,13,17,19), but short

peptides have not been used.

Recently, we have reported the synthesis of a 4.2-kDa

peptide as a suitable model to study gyrase–coumarin and

gyrase–ATP interactions (20). To corroborate the possibility

of using short synthetic peptides as models to carry out

interactions and structural studies and to elucidate more

details about the importance of Arg136 residue in the drug–

protein and ATP–protein interactions, the drug- and ATP-

binding properties of short synthetic peptides (Fig. 1B) bearing

a series of mutations in this position have been determined.

Affinity chromatography (21) and fluorescence quenching

techniques (20,22) were exploited to perform the binding

studies. Evidence is presented suggesting that the Arg136

residue is at the coumarin and not at the ATP-binding site of

gyrase, however both binding sites are in overlapping. A

model with Mg2+ bridges between the guanidinium group of

Arg136 and the lactone coumarin ring of the drug is proposed.

Experimental Procedures

N-a-Fluorenylmethoxycarbonyl-amino acids, 4-(2¢,4¢-
dimethoxyphenyl-Fmoc-aminomethyl)-phenoxyacetamido-

norleucyl-4-methylbenzhydrylamine resin (Rink amide

MBHA resin; 0.55 mmol/g) and 2-(1H-Benzotrizole-1-

CH3
H

3
C

O

CH
3

OH

O

NH

O

OH
CH3

O
OCH3

O

NH2

O
OH

O

CH3

Ac-E131LVIQR136EGKIHRQIYE146-NH2 agbN

Ac-E131LVIQS136EGKIHRQIYE146-NH2 agbS

Ac-E131LVIQH136EGKIHRQIYE146-NH2 agbH

Ac-E131LVIQL136EGKIHRQIYE146-NH2 agbL

B

A

Figure 1. Structures of (A) novobiocin and (B) sequences of the synthetic

peptide fragments of gyrase B protein.
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yl)-1,1,3,3-tetramethyl-uronium hexafluorophosphate

(HBTU) were supplied by Novabiochem (Läufelfingen,

Switzerland). Epoxy-activated Sepharose 6B (19–40 lmol/

mL), ATP-agarose (1.3 lmol/mL) and single-stranded DNA-

cellulose (3.5 lg/g) were provided by Sigma-Aldrich Com-

pany (St Louis, MO, USA). N,N-diisopropylethylmine

(DIEA) and trifluoroacetic acid (TFA) were supplied by Fluka

Chemical Corp. (New York, NY, USA). Dichloromethane

(DCM; Sigma-Aldrich) was peptide synthesis grade and used

directly. N,N-dimethyl formamide (DMF), supplied by

Mallinckrodt (Phillipsburg, NJ, USA), was bubbled with

nitrogen to remove volatile contaminants and kept stored

over activated 4 Å molecular sieves. 1-Methyl-2-pyrrolidone

(NMP) and acetonitrile (ACN) were purchased from Carlo

Erba (Rodano, Milan, Italy). Novobiocin (sodium salt) was

also provided by Sigma-Aldrich.

Spectroscopic measurements

Ultraviolet absorbance and fluorescence measurements

were made on a Shimadzu (Kyoto, Japan) UV-visible 1601PC

spectrophotometer and a Varian (Palo Alto, CA, USA) Cary

Eclipse fluorescence spectrophotometer, respectively, both

equipped with a thermostated sample compartment, using a

1.5 mL quartz cell for a magnetic stirrer with a 1.0 cm path

length. The fluorescence excitation and emission slit widths

were set for 5 nm bandpass, for all measurements.

Peptide synthesis

All peptides whose sequences are reported in Fig. 1B were

synthesized manually by the solid-phase method according

to the standard Fmoc protocol (23) using Rink amide MBHA

resin and HBTU/DIEA as coupling reagents. The functional

side chains of Fmoc-amino acids were protected by the fol-

lowing groups: But for Glu, Ser and Tyr, Trt for His and Gln,

Pmc for Arg and Boc for Lys. Couplings were performed in all

cases using 4 eq of Fmoc-amino acid and 4 eq of coupling

reagents in DMF/NMP (1 : 1, v/v) for 1 h. The assembly was

monitored by the qualitative Kaiser test and, if positive, the

process was repeated with a 50% of reactants. Acetylation

was performed with acetic anhydride and DIEA (10 eq each)

in DMF, for 30 min. Cleavage and total deprotection of the

peptide from the resin were performed with reagent K (TFA/

water/phenol/thioanisole/EDT, 82.5 : 5 : 5 : 5 : 2.5, v/v),

10 mL/g peptidyl-resin, 2 h treatment at room temperature.

Crude peptides were precipitated in cold diethyl ether and

centrifuged (four times), dissolved in 10% aqueous acetic

acid and lyophilized. Yields of crude peptides (in weight)

ranged between 78 and 90%.

Purification of peptides was carried out by preparative

high-performance liquid chromatography (HPLC) on a

Waters (Milford, MA, USA) chromatograph using a reverse-

phase Vydac-C18 column (25 · 2.5 cm; 10 lm; 300 Å) with

a linear gradient of 30–60% of solvent B (A: water, 0.1%

TFA; B: ACN 60% in water, 0.1% TFA) over 90 min. The

flow rate was 10 mL/min and UV detection at 220 nm.

Analytical HPLC was carried out on a Varian (Palo Alto,

CA, USA) ProStar apparatus employing a Nucleosil C18

reverse-phase column (25 · 0.46 cm; 5 lm; 300 Å) with a

5–70% linear gradient of solvent B (A: water, 0.045% TFA;

B: ACN, 0.036% TFA) over 30 min, flow rate 1.0 mL/min

and UV detection at 220 nm.

Amino acid analysis found are in concordance with the

theoric (hydrolysis: 6 m aqueous HCl solution at 110 �C
for 72 h; analyzer: Beckman (Fullerton, CA, USA) System

6300). The identity of the peptides was confirmed by

electrospray mass spectrometry (ESI-MS) on a ZMD model

apparatus from Micromass (Manchester, UK).

Affinity chromatography studies

Novobiocin immobilized on Sepharose

Novobiocin was immobilized on epoxy-activated Sepharose

as previously reported (20). Briefly, 100 mg of novobiocin in

8 mL of 0.3 m carbonate buffer (pH 9.5) was added to 1.2 g

of the polymeric support. The mixture was left for 20 h at

37 �C when ethanolamine was added for blocking the

epoxy-groups excess. After washings, a 1 mL column was

packed and equilibrated with standard buffer (10 mm Tris-

HCl, pH 7.2/20 mm NaCl/5 mm MgCl2). Peptide sample

(500 lL of a 100 lm standard buffer solution) was added to

the column. After 1 h at room temperature and gentle

rocking, washings with standard buffer were performed

until no fluorescence at 304 nm (excitation at 280 nm) was

detected. The peptide elution was carried out with 0.4 m

NaCl and the column was finally washed with 4 m NaCl

and equilibrated with standard buffer.

ATP immobilized column

A 1 mL column was packed with a commercial ATP-

agarose and equilibrated with standard buffer. Peptide

sample (500 lL of a 100 lm standard buffer solution) was

left in the column for 1 h at room temperature under gentle

rocking. Further washings with standard buffer were
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performed until no fluorescence at 304 nm (excitation at

280 nm) was detected. The peptide elution was carried out

with 0.4 m NaCl. The column was washed with 4 m NaCl

before equilibration.

DNA immobilized column

A 1 mL column packed with single-stranded DNA-cellu-

lose was employed for this assay. The procedures of equi-

librium, washings and elution of peptides were the same as

described above for the ATP immobilized column.

Binding experiments

Novobiocin binding to peptide

The quenching of peptide fluorescence by novobiocin was

determined as a function of drug concentration as follows.

Aliquots (2–50 lL) from a concentrated novobiocin stock

solution (100 lm) were added to a solution of 100 lm

(1.5 mL) of each peptide in standard buffer, maintained at

37 �C. Prior to measuring the peptide fluorescence, the

samples were homogenized and equilibrated in the cell

holder for 6 min with the excitation shutter closed. The

excitation wavelength was 280 nm with emission meas-

ured at 304 nm. The observed fluorescence intensities were

corrected for loss of signal because of dilution effect and for

optical filtering effects caused by a possible optical

absorption of the novobiocin in the emission region (24).

The data were represented in a Stern-Volmer plot, for static

quenching, where the relative peptide fluorescence (F
0
/F)

was plotted against the novobiocin concentration [NB]

whose slope is equal to the association constant (Ka) for

complex formation (22), according to the equation:

F0=F ¼ 1þ Ka½NB�

In this equation, F0 and F are the fluorescence intensities

of peptides in the absence and presence of novobiocin,

respectively.

Fluorescence quenching data, obtained by intensity

measurements alone, can be explained by either a dynamic

or static process. To distinguish them, the temperature

dependence of quenching analysis was used. Dynamic

quenching depends upon diffusion. Because higher temper-

atures result in larger diffusion coefficients, the bimolecular

quenching constants are expected to increase with the

increasing temperature. In contrast, increased temperature

is likely to result in decreased stability of complexes, and

thus lower values of the static quenching constants. So, for

static quenching, the increase in the temperature of analysis

results in a decrease in the slope of the Stern-Volmer plots. A

careful examination of the absorption spectra of the fluoro-

phore was also employed as an additional method to identify

static quenching. In contrast to dynamic quenching, ground

state complex formation will frequently result in perturba-

tion of the absorption spectra of the fluorophore.

ATP binding to peptide

The ATP binding was quantified by measuring the decrease

in the fluorescence intensity of peptides as a function of ATP

concentration. Aliquots (2–50 lL) from a concentrated ATP

stock solution (5 mm) were added to a solution of 100 lm

(1.5 mL) of each peptide in standard buffer. Experimental

conditions such as temperature, equilibrium, fluorescence

measurements and corrections as well as data analysis were

the same as described above for Novobiocin Binding.

Competitiveness assays

For studies of competitiveness binding of novobiocin and

ATP, the peptide model agbN (100 lm) in standard buffer

was incubated with an equal molar excess of novobiocin for

1 h at 37 �C under gentle rocking. Aliquots (2–50 lL) from a

concentrated ATP stock solution (5 mm) were then added to

the mixture. Fluorescence was measured (excitation,

280 nm; emission, 304 nm) after the addition of each aliquot

as described for the binding assays. Alternatively, agbN was

incubated for 1 h at 37 �C, with an equal molar excess of

ATP. Then aliquots (2–50 lL) of a concentrated novobiocin

solution (100 lm) were added and the fluorescence measured

at the same excitation and emission wavelength. Prior to all

measurements of the peptide fluorescence, the samples were

homogenized and equilibrated in the cell holder for 6 min

with the excitation shutter closed. The observed fluores-

cence intensities were also corrected for loss of signal be-

cause of a dilution effect and for optical filtering effects

caused by novobiocin or ATP absorption in the emission

region. The data were represented in a Stern-Volmer plot and

compared with the studies carried out without previous

incubation with novobiocin or ATP, respectively.

Results

Design strategy

Four low-molecular weight peptides were selected and

synthesized according to the solid-phase procedure: agbN,
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agbS, agbH and agbL (Fig. 1B). The agbN was selected

because its amino acid sequence reproduces the amino acid

sequence of the 131–146 segment (16 residues) of E. coli

gyrase B (GyrB) protein, including the Arg136 residue,

thankfully essential for coumarin interactions.

Analysis of coumarin-resistant bacterial strains from

several species has identified mutation point to coumarin

resistance that maps to the 24-kDa amino-terminal sub-

domain of GyrB protein (8). The most prevalent of these

are mutations of an arginine residue at the position 136.

This latter residue was already implicated in coumarin

binding as nine independent coumarin-resistant isolates

of E. coli have mutations at Arg136 (to His, Ser, Leu or

Cys) (15,16). The most important contacts anchoring the

coumarins in the 24-kDa gyrase domains are located in

the region covering the ATP-binding site, including resi-

dues around Arg136. The crystal structure determination

of this N-terminal subdomain (residues 2–220) complexed

with novobiocin (16) as well as with chlorobiocin (17) has

revealed that the binding sites of ATP and the drug overlap

partially.

According to these considerations, the peptide model

agbN was built using the strand sheets 131–135 and

139–146 and the loop residues (136–138) that connect them.

The agbS, agbH and agbL peptides are analogues of agbN in

which the arginine residue at position 136 was substituted

by Ser, His and Leu residues, respectively. All peptides were

acetylated at the N-terminus and have a carboxamide group

at the C-terminus in order to mimic the presence of amide

bonds at these positions in the protein. In addition, it was

decided not to include any fluorescent probe on the

peptides, basically to maintain the primary structure as

close as possible to the structural features of coumarin- and

ATP-binding sites in the GyrB protein.

The peptides were synthesized and purified as described

in the Experimental Procedures. After purification, 7.3 mg

(15% overall yield), 7.6 mg (12% overall yield), 8.1 mg (17%

overall yield) and 7.7 mg (16% overall yield) of agbN, agbS,

agbH and agbL, respectively, were obtained. HPLC: Rt,

14.4 min, 14.9 min, 15.1 min and 20.1 min to agbN, agbS,

agbH and agbL, respectively. ESI-MS: m/z (M + H)+ ¼ 2051

(agbN), 1982 (agbS), 2033 (agbH) and 2009 (agbL); MT ¼
2051.4, 1982.3, 2032.3 and 2008.3, respectively.

Affinity chromatography measurements

Bearing in mind that affinity chromatography is a good

qualitative analysis method, assays based on this technique

were designed for interaction processes identification. The

first assay was performed using the novobiocin bound to the

polymeric support. To this aim epoxy-activated Sepharose

was used, in which the drug was anchored by its nucleo-

philic phenolic hydroxy group of the 4-hydroxy-3-(3-me-

thyl-2-butenyl)-benzoic acid moiety under weakly alkaline

conditions (20).

The peptides were detected following the fluorescence

emission at 304 nm (excitation at 280 nm). The chroma-

tographic behaviours of peptides using the drug-immobi-

lized column are shown in Fig. 2A. In the magnesium

presence, agbN had affinity for the novobiocin column, as

demonstrated by their elution when the ionic strength was
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Figure 2. Affinity chromatography experiments with novobiocin (A) and ATP (B) bound to the polymeric support. Samples: agbN, s; agbS, •;
agbH, D; agbL, m. The columns were equilibrated with the buffer 5 mm Tris-HCl, pH 7.2/20 mm NaCl/5 mm MgCl2. Elution was carried out with

the same buffer containing 0.4 or 4 m NaCl as indicated. The peptide elution was monitored by the intrinsic fluorescence of peptide fragments

(excitation at 280 nm and emission at 304 nm). Fractions having fluorescence values out of scale are not presented (AU, arbitrary units).
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increased. For the peptide mimics of the mutant GyrB (agbS

and agbH), the affinity was relatively smaller than agbN.

On the contrary, the mutant agbL peptide, differently from

the others, was not retained in the column. All results were

dependent on the presence of Mg2+. The peptides were

unable to bind to the resin in a control experiment carried

out using unmodified Sepharose.

The binding of the peptides to ATP was assessed using an

ATP affinity column. According to the chromatographic

profiles shown in Fig. 2B, all peptides independently of

residue at position 136, were retained in the column and

were eluted with 0.4 m NaCl. Thus, ATP binds apparently

with a similar affinity to both agbN and its variable

mutants. In regard to magnesium ions, no appreciable

affinity between peptides and the column with ATP

immobilized was observed when the experiments were

carried out in the absence of this ion. Unlike ATP immo-

bilized column, the agbN as well as its mutagenic forms

were not retained in the DNA-cellulose column, evidencing

that the peptides are not able to interact with DNA, inde-

pendently of the magnesium presence. Control assays car-

ried out using unmodified resins showed no retention of

peptides to the columns.

Binding studies

The affinity chromatography studies revealed interactions

among the peptide mimic agbN and novobiocin or ATP.

The interesting point was that the novobiocin interactions

were dependent on the amino acid residue at position 136.

This result prompted us to determine the binding parame-

ters for the systems mentioned above. The binding param-

eters were studied by following the quenching of the

intrinsic fluorescence of the peptides upon binding of the

novobiocin or ATP (25). The plot of the relative peptide

fluorescence intensity at the emission wavelength of

304 nm (kex ¼ 280 nm) as a function of total novobiocin or

ATP, is shown in Fig. 3. The association constant (Ka) val-

ues shown in the Table 1 were obtained from the slope of

the Stern-Volmer plot for identified static quenching (22),

according to equation described in the Experimental Pro-

cedures. The reported values of Ka are the mean values of at

least five measurements with the standard deviation.

As already found using affinity chromatography, novo-

biocin and ATP bind to agbN in the presence of Mg2+. A

preferential binding of the drug to peptide was observed in

this case (about 80-fold in relation to ATP, entry �a� of

Table 1). The binding of the novobiocin to agbS and agbH

was very close, but smaller than agbN. On the contrary, no

binding of novobiocin to the peptide mimic agbL was

observed (entry �d� of Table 1), however the binding of ATP

was identical independently of the peptide sequence

(Ka @ 2.0 · 10
3/m), which is in agreement with our obser-

vations using affinity chromatography.

Competitiveness assays

To clarify definitively the role of Arg136 residue in the

coumarin–protein and ATP–protein interactions and to

address the question as to whether coumarin binds to peptide

mimic agbN competitively with ATP, as described for GyrB

protein (16) and its fragments (13,20), the binding of novo-

biocin and ATP to the agbN peptide (Fig. 4) was examined by

fluorescence quenching. When the agbN peptide was

1

1.6

0 2 4

Novobiocin (µM)

F0
/F

A

1

1.4

0 50 100 150 200

ATP (µM)

F0
/F

B

Figure 3. Binding determinations using Stern-Volmer plots. 150 nmol of

agbN, s; agbS, •; agbH, D; agbL, m and (A) novobiocin (0.13–3.23 lm) or

(B) ATP (6.65–161.30 lm). Fluorescence was measured (excitation,

280 nm; emission, 304 nm) after each aliquot addition for each peptide

sample. The slope of the linear Stern-Volmer plot represents the

association constant for static quenching. For dynamic quenching the

slope represents the Stern-Volmer quenching constant.
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pre-incubated with ATP and novobiocin subsequently added

for fluorescence quenching analysis, no change in the Stern-

Volmer plot was observed if compared with the plot obtained

without ATP pre-incubation (Fig. 4A). Consequently the

association constants were apparently the same for both

cases (1.8 · 10
5/m), suggesting that ATP does not affect

novobiocin binding. On the contrary, when agbN was pre-

incubated with novobiocin and ATP subsequently added

for the fluorescence intensity analysis, a lower slope of the

Stern-Volmer plot was observed and the association constant

was smaller than the corresponding value, obtained without

pre-incubation with novobiocin (Fig. 4B).

Discussion

The Arg136 residue of the DNA GyrB protein constitutes the

principal point of interactions of the enzyme and the cou-

marin drugs. Affinity chromatography and fluorescence

quenching experiments presented here confirm the

important features about the role of the Arg136 residue in

the mechanism of action of the coumarins.

It is already known that intracellular target of coumarin

group of antibiotics is DNA gyrase and that these com-

pounds inhibit the supercoiling and ATPase reactions of

gyrase (11,26). It is established that the residue Arg136 of the

gyrase is a key interaction in terms of the stability of the

protein–coumarin complex (18,27), and also that the ATP-

and coumarin-binding sites are in close proximity (9,16).

Also, its clear that the DNA presence is not required for

ATP and coumarin binding but the binding of DNA to B

protein is essential for ATP hydrolysis (28).

A similar behaviour, from a qualitative point of view was

recently found for a 4.2-kDa synthetic peptide (20). Here,

we found a parallel behaviour for agbN, the new peptide

mimic of wild-type GyrB. Thus, agbN is able to bind

novobiocin and ATP, independently of the DNA presence

(Fig. 2A,B), consistent with the notion that N-terminal part

of the B protein, including Arg136 residue is concerned with

Table 1. Comparative bindinga

Entry Peptide

Ka (·103/M) Kd (lM)

Novobiocin ATP Novobiocin ATP

a agbN 180 ± 20 1.9 ± 0.4 5.5 ± 0.5 526 ± 90

b agbS 130 ± 10 2.1 ± 0.3 7.7 ± 0.8 476 ± 70

c agbH 100 ± 20 2.0 ± 0.3 10.0 ± 0.9 500 ± 75

d agbL –b 1.8 ± 0.2 –b 555 ± 65

a. Fluorescence-binding assays were performed as described in the Experimental Procedures. Reaction mixtures contained 100 lM of one of the
peptides and various amounts of novobiocin or ATP. The association constant (Ka) was determined by Stern-Volmer plots (22). The values of the
dissociation constant, Kd (¼1/Ka), are also shown.
b. Quenching identified as dynamic quenching, therefore no binding was observed.
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A

Figure 4. The binding of novobiocin (A) and ATP (B) to the agbN pep-

tide. The peptide (100 lm) was incubated with an equal molar excess of

ATP for 1 h and novobiocin (0.13–3.23 lm) added (A). The peptide

(100 lm) was incubated with an equal molar excess of novobiocin (NB)

for 1 h and ATP (6.65–161.30 lm) was added (B). Fluorescence was

measured (excitation, 280 nm; emission, 304 nm) after each aliquot

addition. The slope of the linear Stern-Volmer plot represents the

association constant for static quenching.

Garrido et al. Coumarin binding to synthetic peptides

508 J. Peptide Res. 65, 2005 / 502–511



novobiocin and ATP interactions and DNA is not required

in order to promote these interactions. As already reported

in the literature for B protein, Mg2+ was required in order to

promote the interactions among the involved species (6,29).

The elution of agbN from novobiocin affinity column by

mild conditions suggests that hydrogen bonds, and not

ionic interactions, are the main determinants of peptide–

drug binding. Studies carried out with 24-kDa protein, also

suggested that ionic interactions are not likely to be

important for drug binding (12). Once Mg2+ ion plays an

important role for peptide–drug interactions, it is possible

that the Mg2+ acts as a bridge between the guanidinium

group of Arg136 and the lactone coumarin ring of the drug.

In this model, two water molecules coordinated with Mg2+

forms hydrogen bonds to the guanidinium group of Arg136

and other two with the ester and carbonyl oxygens of the

coumarin ring (Fig. 5). It is possible that in the molecular

adjustment, the 2¢-hydroxyl group of novobiose forms one

direct hydrogen bond to the carbonyl oxygen of Gln143. The

3¢-carbamoyl group of novobiose forms one water-mediated

hydrogen bonds with Mg2+ coordinate with the side chain

of Glu146. In addition, the ether oxygen that bridges the

coumarin rings and the novobiose sugar can form a hydro-

gen bond to an ordered water molecule, which in turn forms

a hydrogen bond to the side chain of Gln143. The interaction

of the agbN with the drug produced a quenching in the

peptide fluorescence (Fig. 3A), identified by temperature

dependence and absorption spectra analysis as static

quenching. Thus, the association constant for peptide–drug

complex was 1.8 · 10
5/m, lower than the one reported for

24- and 43-kDa DNA gyrase fragments (Ka � 10
7/m)

(6,17,18) but of the same order of magnitude as the recent

reported 4.2-kDa synthetic GyrB fragment (20).

Differently from the novobiocin–agbN complex, in the

ATP binding electrostatic interactions could be involved. In

this case, the phosphate group binds by ionic interactions

with Mg2+ which in turn also binds by ionic interactions

with the side chains of glutamic acid residues specifically at

the positions 131 and 146. ATP binding could also be sta-

bilized by other interactions considering that the adenine

rings can make a number of polar contacts with the peptide,

in particular with Tyr145. The affinity chromatography

elution conditions already suggested a weak ATP binding,

which was confirmed by the association constant of the

ATP–agbN complex (1.9 · 10
3/m). Interesting is the fact

that the association constant for gyrase is two orders of

magnitude higher than the peptide (30), the same difference

observed for the complexes of the peptide or protein with

the drug. In addition, the binding of the novobiocin to agbN

is apparently much tighter than for ATP; the Ka for ATP is

@103/m compared with 10
5/m for the novobiocin, in agree-

ment with data described for gyrase (@105/m for nucleotides

and 10
7–109/m for coumarins) (10,30,31) and for the short

synthetic peptide AGYRB (@103 and 10
5/m for ATP and

novobiocin respectively) (20).

Regarding the interactions with DNA, recent studies

with two peptide fragments of GyrB, with an invariable

C-terminal fragments 753–770 (20), confirmed the proposal

that the residues surrounding Arg760 are related directly to

the recognition and/or transportation of DNA to the DNA-

binding domain of A subunit of gyrase. The interaction lack

between agbN and the DNA described here intensifies this

hypothesis.

For mutagenic forms of agbN, novobiocin binding was

progressively reduced with the hydrophobicity of the resi-

due at the position 136 (@30 and 50% for Ser and His

respectively). Novobiocin did not bind to agbL, as revealed

by the affinity chromatography and fluorescence quenching

techniques (Fig. 2A,entry �d� of Table 1). This behaviour is

in agreement with several experimental data (8,15,18,32) for

the novobiocin and GyrB fragments with a mutation in

Arg136, that confers coumarin resistance. In those cases, the

GyrB fragments showed greatly reduced drug binding.

Apparently the affinity of novobiocin to the peptide is

related to the number of hydrogen bonds of the drug to
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Figure 5. Proposed hydrogen bonds (dashed lines) between novobiocin

and amino acid residues in agbN. In the proposed model the Mg2+ acts

as bridge between the guanidinium group of Arg136 and the lactone

coumarin ring of the drug. Other water-mediated hydrogen bonds act in

the molecular adjustment of the novobiocin to its binding site.
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amino acid residue at position 136. Ser and His, unlike Arg,

forms only a single hydrogen bond with water molecules

coordinated with Mg2+ which in turn form two hydrogen

bonds with the ester and carbonyl oxygens of the coumarin

ring (Fig. 5). However, in the experimental conditions, Ser

amino acid acts as a hydrogen bond donor while His as

hydrogen bond acceptor, resulting in the little difference in

the novobiocin binding observed for agbS and agbH. The

lack of the hydrogen bond between novobiocin and the Leu

mutant peptide can also explain the reduced affinity dis-

played by this peptide. With the increase of the hydro-

phobicity of the residues at position 136 (Arg <

Ser £ His < Leu) (33–35), there is a decrease in the ten-

dency of the hydrogen bonds formation and consequently in

the novobiocin binding. Thus, apparently there is a rela-

tionship between the number of hydrogen bonds of novo-

biocin to the peptide and the corresponding binding affinity,

consistent with X-ray crystallographic data on the complex

between the 24-kDa protein and novobiocin (16).

As with agbN, a decrease in the fluorescence intensity of

peptide as a function of the drug concentration was

observed for all peptide mimics of mutagenic GyrB

(Fig. 3A). But differently from agbN and its mutagenic

forms agbS and agbH, the temperature dependence studies

and absorption spectra analysis for agbL identified that the

quenching was dynamic quenching, resulting from colli-

sional encounters between species and was not due to

complex formation. Therefore, the slope of the Stern-

Volmer plot is not equal to the association constant, but

just the quenching constant. This result intensifies the

hypothesis that the affinity of novobiocin to its binding site

depends on the hydrogen bonds, as the absence of this

important interaction promoted a complete loss of binding

when Arg136 was changed to Leu.

On the contrary, the mutations at the critical position

136 did not produce any change in the ATP binding (Figs 2B

and 3B; columns 4 and 6 of Table 1). This implies that

possibly this residue is not a part of the ATP-binding site. In

fact, a number of the mutations that confer coumarin

resistance to DNA gyrase (14,15) lies at the periphery of the

ATP-binding site.

Studies from different researches have been suggesting

that the ATPase activity of DNA gyrase is inhibited in a

competitive manner by novobiocin (10,13,31). If so, recent

studies (20) together with the results of competitiveness

presented here, the use of short peptides as agbN could be a

suitable approach to evaluate the competitive nature of the

inhibition of the gyrase by novobiocin. The results of

competitiveness assays indicate that, within the limits of

experimental error, novobiocin prevent the ATP binding,

indicating overlapping binding sites, supporting the idea

that the novobiocin is competitive with ATP. This con-

clusion is also consistent with crystallographic studies of

the structure of the complex between the 24-kDa protein

and coumarin drugs (16,17).

In conclusion, we have corroborated that the use of

short peptides including sequences of GyrB provides an

alternative way to study and better understand the key

contacts between the coumarins or ATP and the enzyme,

which are especially important for a rational drug design.

Moreover, our studies provide an additional proof that the

model of inhibition of coumarins drugs is competitive and

that ATP- and novobiocin-binding sites are not the same

but are in close proximity. Perhaps the most important

conclusion that emerges from this work is the supposed

role that the Mg2+ and its coordinated water molecules

play in the hydrogen bonding network formation which is

necessary for the stability of coumarin–gyrase complex.

The Mg2+ bridge model provides some clues of the

essential importance of Arg136 residue for coumarin

binding.
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a b s t r a c t

The ccd toxin–antitoxin system of the F plasmid encodes CcdB, a protein that poisons the essential Esch-
erichia coli DNA gyrase, unique type IIA topoisomerase able to introduce negative supercoils into DNA.
Based on CcdB structure, a series of linear peptide analogues were obtained by the solid-phase method-
ology. One of these peptides (CcdBET2) displayed inhibition of the supercoiling activity of bacterial DNA
gyrase with a concentration required for complete inhibition (IC100 = 10 lM) lower than the wild type
CcdB. For Topo IV, a second type IIA bacterial topoisomerase, CcdBET2 was better inhibited the relaxation
activity with an IC100 of 5 lM (wt CcdB > 10 lM). The replacement of Gly, present in the three C-terminal
amino acid residues, by Glu, abolished the capacity to inhibit the gyrase but not the Topo IV activities.
These findings demonstrate that the mechanism by which CcdBET2 inhibits DNA gyrase is different of
the mechanism by which inhibits Topo IV. Therefore, CcdBET2 is a new type II topoisomerase inhibitor
with specificity for Topo IV.

� 2008 Elsevier Ltd. All rights reserved.

DNA topoisomerases are enzymes involved in essential pro-
cesses that control the topological state of DNA in cells.1,2 Bacterial
DNA gyrase and topoisomerase IV (Topo IV) are examples of type II
topoisomerases that share significant sequence similarity and have
essentially the same catalytic mechanism. They act by forming a
transient double-stranded break in DNA, and catalyzing passage
of DNA duplex through the break prior to resealing the DNA back-
bone.1 DNA gyrase is unique in catalyzing the negative supercoil-
ing of closed circular DNA. In contrast, Topo IV has the ability to
relax positive and negative DNA supercoils.3,4 DNA gyrase and
Topo IV are composed of two subunits. The gyrase subunits are
named A and B, the corresponding Topo IV subunits are named C
and E. For each enzyme, these subunits combine into a heterotet-
rameric (gyrase, A2B2 and Topo IV, C2E2) complex to form the func-
tional enzymes. The E-subunit (ParE) and the corresponding gyrase
B-subunit (GyrB) contain the site of ATP hydrolysis at the N-termi-
nal domain and a C-terminal domain involved in the interaction
with the other subunit (ParC or GyrA) and the DNA substrate.
The GyrA and ParC comprise an N-terminal domain (64 kDa) in-
volved in DNA cleavage/relegation and a C-terminal DNA-wrap-
ping domain (33 kDa).

Gyrase and Topo IV have also similarities in their antibiotic
sensitivity to topoisomerase inhibitors as coumarins and quino-
lones.5,6 The quinolones are synthetic compounds that form
an Mg+2-mediated ternary complex with bacterial topoisomerase
in the presence of DNA7,8 and stabilize the transient double-
stranded break in DNA, resulting in bacterial cell death.5,9

Resistance to quinolones usually involves point mutations in
defined regions of GyrA and GyrB of DNA gyrase, and the ParC
and ParE of Topo IV.10 The coumarins are natural products of
Streptomyces species, which inhibit ATPase activity of DNA
gyrase and Topo IV by competing with ATP for binding, Mg2+

dependent, to the GyrB and ParE subunits of the enzymes,
respectively.11,12 Mutations conferring resistance to the couma-
rins have been mapped and are known to be located on the
N-terminal domain of the GyrB and the ParE, which contain
the site of ATP hydrolysis.13 Other inhibitors as cyclothialidine,14

simocyclinone D8,15 albicidin,16 the plasmid-encoded toxins
microcin B17,17and CcdB,18 like quinolones and coumarins inhi-
bit DNA gyrase, however no evidence of the inhibitory activity
of these toxins have been found for Topo IV.

CcdB is the toxin component of the ccd toxin–antitoxin (TA) sys-
tem. TA systems contribute to plasmid stability by a mechanism
called post-segregational killing. This mechanism relies on the dif-
ferential stabilities of the antitoxin and toxin proteins and leads to
the killing of daughter bacteria that did not receive a plasmid copy
at cell division.19 TA systems are composed of two genes organized
in an operon encoding a toxin and an antitoxin that antagonizes it.
The antitoxin, an unstable protein is rapidly degraded, with loss of
constitutive expression of the operon as a result of loss of the plas-
mid, while the toxin, a stable protein, is released to inhibit an
essential cellular process. Ccd was the first TA system to be discov-
ered and is located on the F plasmid with CcdB being the toxin and
CcdA the antitoxin.20 CcdB is known to act at a different stage of
the catalytic cycle of DNA gyrase than the quinolone drugs. More-
over, there is no cross-resistance between quinolones and
CcdB21,22 and there are differences in the ATP requirement for
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cleavage complex stabilization,23 suggesting that they do not inter-
act at the same site on DNA gyrase.

The structure of CcdB (see Fig. 1) was determined in 199924 and
the monomer consists of a five-stranded N-terminal b-sheet fol-
lowed by a C-terminal a-helix. In between two strands of the main
b-sheet, a second small three-stranded b-sheet is inserted that
sticks out of the molecule as a wing. This wing encompasses loop
residues 40–50, which has been hypothesized to the involved CcdA
binding.24 CcdB also forms a dimer with an interface highly hydro-
phobic formed by a strand (residues 68–72), called S6, several loop
segments and the three C-terminal residues of the a-helix. Strand
S6 pairs with the same strand of the opposite monomer, in an anti-
parallel way.24 Based on CcdB structure we have designed and syn-
thesized a series of linear analogues of CcdB to provide new type II
topoisomerase inhibitors. For peptide design we considered the 13
residues C-terminal a-helix, the loop Arg40–Leu50 of the wing
sheet, the strand S6, the N-terminal b-sheet (Met1–Leu9) and the
residues Gly100 and Ile101 that seem to play a key role in the for-
mation of CcdB–GyrA complex (Fig. 1).

Therefore, the first peptide analogue (CcdBET1) was built with
the residues Ser84 to Ile101 of the CcdB. This amino acids sequence
was maintained for the other analogues due its great structural
importance and the role that play in the interaction with GyrA.
For the second analogue (CcdBET2), two fragments of the protein
sequence, one including the loop of the wing sheet and the other
including an N-terminal b-sheet were added to the primary struc-
ture of the CcdBET1. A flexible linker was employed to connect
these three fragments.8,25 Taking into account these consider-
ations, the peptide CcdBET2 was built using the natural fragments
84–101, 40–50, and 1–9, and two residues of e-amino hexanoic
acid (Z) to connect them (Fig. 2). CcdbET3, the third CcdB analogue,
was synthesized as CcdBET2 but without the fragment 40–50. So,
the amino acids sequence of CcdBET3 corresponds to the natural
fragments 84–101 and 1–9 with a residue of e-amino hexanoic

acid (Z) connecting them. CcdBET4 analogue was built using the
natural fragment 68–101 that includes the C-terminal a-helix, as
the other analogues, and the strand S624 important for CcdB dimer
formation. Finally, the residue Gly100, common for all synthetic
peptides, was changed by Glu, an identified mutation that induce
the loss of killer activity of the CcdB26 and, therefore, the ability
to form a complex with GyrA. All the peptide analogues, whose pri-
mary structures are presented in Figure 2, were synthesized by the
solid-phase method, considering the usual polymer salvation
parameters.27

The ability of the analogues to inhibit the supercoiling reaction
of gyrase and relaxation reaction of Topo IV was investigated by
titrating CcdB analogues into a fixed concentration of enzyme
and DNA. The minimum concentration that produced complete
inhibition of supercoiling or relaxation activities was termed the
IC100. In standard supercoiling assays at 37 �C with 3.4 nM of gyr-
ase, a relaxed DNA (500 ng) substrate is completely negatively
supercoiled in 1 h. CcdBET2 inhibited this reaction (Fig. 3A) with
an IC100 value of 10 lM. In addition, CcdBET2 inhibited the ATP-
dependent relaxation reaction of topoisomerase IV, in standard as-
says (37 �C, 5 nM of enzyme and 400 ng of supercoiled DNA) with
an IC100 value of 5 lM (Fig. 3B). For both, there is no evidence of
cleavage complex formation.

The lack of the loop Arg40–Leu50 yielded CcdBET3 a peptide
that was sixfold weaker than CcdBET2, in the supercoiling inhibi-
tion. A higher concentration (60 lM) was required for CcdBET1
(without the loop and the N-terminal b-sheet) inhibit the super-
coiling reaction. For the relaxation reaction the loss was lesser,
only threefold for both peptide analogues (Table 1). The CcdBET4

Figure 1. Ribbon diagram of the CcdB. The three segments, C-terminal a-helix, the
loop of the wing sheet, and the N-terminal b-sheet, used in the CcdBET2 design are
colored in red, green, and blue, respectively.

84SHRENDIKNAINLMFWGI101 (CcdBET1)

1MQFKVYTYK9-Z-40RLLSDKVSREL50-Z-84SHRENDIKNAINLMFWGI101 (CcdBET2)

1MQFKVYTYK9-Z-84SHRENDIKNAINLMFWGI101 (CcdBET3)

68MASVPVSVIGEEVADLSHRENDIKNAINLMFWGI101 (CcdBET4)

Figure 2. The primary structures of the synthesized CcdB analogues (Z = e-amino hexanoic acid).

Figure 3. CcdBET2-mediated inhibition of DNA supercoiling reactions of DNA
gyrase (3.4 nM) from E. coli (A) and effect of CcdBET2 on relaxation of supercoiled
DNA by topoisomerase IV (5 nM) from E. coli (B). Controls were no drug (lanes 0)
and treatment with ciprofloxacin (10 lM), the known topoisomerase inhibitor
(lanes CFX).
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analogue, which contains the full amino acid sequence of CcdB de-
void of the 67 N-terminal residues, did not inhibit the DNA gyrase
and Topo IV activities.

From these results it is possible to speculate about of the
requirement of the N-terminal sequence (Met1–Lys9) in a probable
structure–activity relationship of the peptides synthesized. The
best inhibitors (CcdBET2 and CcdBET3) share this fragment and
the analogue that showed the lesser activity (CcdBET1), not in-
cludes the Met1–Lys9 sequence in its primary structure. Probably
the peptides with the fragment Met1–Lys9 contain enough
structural information to induce the formation of an inactive pep-
tide–enzyme complex. Additionally, in CcdBET2, the Arg40–Leu50
fragment seems to improve the molecular adjustments of the
peptide in the complex, resulting in the most promising peptide
inhibitor of the bacterial topoisomerases. The lack of inhibitory
activity observed for CcdBET4, analogue devoid of those fragments,
corroborates these findings.

Despite DNA gyrase and Topo IV share significant sequence
homology and are targets of the same classes of drugs, the mode
of action of CcdB on Topo IV has not been a lot investigated. For
DNA gyrase, a model for CcdB action involves it binding in the GyrA
dimer cavity when the DNA gate is open forming a single CcdB–
GyrA complex.24,28,29 This model places the three C-terminal resi-
dues of CcdB, critical to its toxicity,24 in close proximity to
Arg462 residue of the GyrA. Although it is known that Arg462
and the C terminus of CcdB (Trp99–Ile101) play a crucial role in
the formation of the CcdB–GyrA complex,24 data that relate these
residues and the ParE subunit of Topo IV have never been alluded.
In this context and to explore the role of the C-terminal residues of
the CcdBET2 in its inhibitory activity, the residue Gly100 was re-
placed by Glu, a change previously found in the CcdB from muta-
genesis scan of the ccd gene.26

The effect of this change in the ability of CcdBET2 to inhibit the
supercoiling or the relaxation of DNA, was investigated by the
same standard assays described above but using a fixed concentra-
tion of mutated peptide (20 lM). In the conditions of the assays the
capacity of the CcdBET2 to inhibit the DNA gyrase activity was
abolished with the change of the amino acid in the position 100
(Fig. 4A). The change of the charge of the residue at position 100
to �1, may push this residue out of the C-terminal hydrophobic
pocket, thereby changing the orientation of the residues that play
the key role in the formation of the CcdB–GyrA complex. This
behavior is in agreement with the CcdB mutants constructed by
site-directed mutagenesis that lost their toxic activity and, there-
fore, their ability to form a complex with GyrA.24,26 Unlike DNA
gyrase, the change of the amino acid at position 100 did not alter
the ability of CcdBET2 to inhibit Topo IV activity (Fig. 4B). Most
likely the C-terminal region of CcdB (Trp99–Ile100) is not involved
in the interaction with the ParC subunit of Topo IV a proof that the
mechanisms of inhibition of the DNA gyrase and the Topo IV by
CcdB are different.

Although a number of antibacterial agents have been devel-
oped, the continuous emergence of bacterial resistance is a prob-
lem that needs to be overcome. As bacterial topoisomerases are
the most validated targets in antimicrobial therapies, the develop-
ment of inhibitors that might simultaneously target both DNA gyr-
ase and Topo IV, with equal potency has the potential to reduce the
emergence of target-based resistance. Therefore, targeting both en-
zymes, CcdBET2 is the newer inhibitor of bacterial topoisomerases
that differs in its interaction mode and likely in the mechanism
that inhibits DNA gyrase or Topo IV. For inhibition of supercoiling
activity, the IC100 of CcdBET2 (10 lM) is very close of obtained for
CcdB in conditions of very low rate reaction (gyrase concentration
1.5 nM and temperature of 25 �C).29 With Topo IV, the IC100 for
inhibition of relaxation activity (5 lM) is less than CcdB (highest
than 10 lM), obtained under conditions not shown.29

In summary, this is the first example of a synthetic peptide de-
rived from a bacterial toxin with simultaneous inhibitory activity
in DNA gyrase and topoisomerase IV. Interesting is that a molecule
as CcdBET2, dimensional and structurally different has the same or
higher activity than the original toxin structure. Certainly the Ccd-
BET2 sequence contains enough structural information to induce
the formation of an inactive peptide–enzyme complex as the
CcdB–GyrA or CcdB–ParC complexes. It is noteworthy that Ccd-
BET2, differently of the CcdB, inhibits preferentially the Topo IV
relaxation activity, evidence that this peptide has a mechanism
that likely differs at the molecular level from CcdB. In fact, the sub-
stitution at C-terminal Gly100 rendered an inactive peptide on gyr-
ase activity, consistent with the role of the three C-terminal
residues in the interaction with Arg462 of GyrA.28 This substitution
had no effect on Topo IV. Therefore, the interaction of CcdBET2 with
Topo IV is made by a region of the molecule which the three C-ter-
minal residues are not involved.

This study has identified a new class of potent type II topoiso-
merase inhibitors which might serve as lead for potential antibac-
terial agents.
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P001. Abstract number: 12 
New Fluorine Containing Amino Acids As Labels To 
Study Antimicrobial Peptides By Solid State 19f Nmr 
P. K. Mykhailiuk 
Kyiv National Taras Shevchenko University, Kyiv, Ukraine 
Solid state 19F-NMR is a powerful method to study 
membrane-active peptides, as it can reveal their 
conformation, orientation and dynamics when embedded in 
a lipid bilayer.1 For this purpose the peptide of interest has 
to be selectively labeled with a suitable 19F-containing 
amino acid at several different positions. The resulting 
battery of singly 19F-labeled analogues then has to be 
tested for full functional integrity, before they are 
reconstituted into lipid bilayer samples for the solid state 
19F-NMR analysis.  
The main limitation of this approach, however, lies in the 
poor repertoire of suitable 19F-labels, as only very few of 
the known 19F-containing amino acid can serve as proper 
19F-labels. Therefore, we have rationally designed and 
synthesized compounds 1 and 2, to serve as proper 19F-
labels for the substitution of Leu, Ile, Val, Ala and Pro, 
respectively, in peptides.2-9These novel amino acids have 
been successfully used to study the structure and dynamic 
behaviour of the antimicrobial peptides GS, PGLa and cell 
penetrating peptide SAP in model membranes by 19F-
NMR.  
1. A. S. Ulrich, Prog. NMR Spectr. 46 (2005) 1-21.  
2. P. K. Mikhailiuk, S. Afonin, A. N. Chernega, E. B. 
Rusanov, M. Platonov, G. Dubinina, M. Berditsch, A. S. 
Ulrich, I. V. Komarov, Angew. Chem. 118 (2006) 5787-
5789; Angew. Chem. Int. Ed. 45 (2006) 5659-5661.  
3. P. K. Mykhailiuk, N. M. Voievoda, S. Afonin, A. S. Ulrich, 
I. V. Komarov, J. Fluor. Chem. 131 (2010) 217-220.  
4. S. Afonin, P. K. Mikhailiuk, I. V. Komarov, A. S. Ulrich, J. 
Pept. Sci. 13 (2007) 614-623.  
5. P. K. Mykhailiuk, S. Afonin, G. V. Palamarchuk, O. V. 
Shishkin, A. S. Ulrich, I. V. Komarov, Angew. Chem. 47 
(2008) 5849-5851; Angew. Chem. Int. Ed. 47 (2008) 5765-
5767.  
6. P. K. Mykhailiuk, S. Afonin, A. S. Ulrich, I. V. Komarov, 
Synthesis 11 (2008) 1757-1760.  
7. A. N. Tkachenko, D. S. Radchenko, P. K. Mykhailiuk, O. 
O. Grygorenko, I. V. Komarov, Org. Lett. 11 (2009) 5674-
5676.  
8. O. S. Artamonov, P. K. Mykhailiuk, D. M. Volochnyuk, I. 
V. Komarov, Synthesis 42 (2010) 443-446.  
9. D. Radchenko , P. Mykhailiuk , A. Bezdudny , I. 
Komarov , Synlett 11 (2009) 1827-1829.  
 
P002. Abstract number: 56 
Synthesis of biaryl cyclic peptides through solid-
phase borylation and cyclization by a Suzuki-Miyaura 
cross-coupling 
A Afonso, L Feliu, M Planas 
LIPPSO. University of Girona, Girona, Spain 
Cyclic peptides containing a biaryl bridge are widespread 
in nature. They possess diverse structural features and 
range from monocyclic to bicyclic to the structurally 
complex polycyclic glycopeptide antibiotics. These 
macrocycles have attracted considerable interest due to 
the significant biological activities that most of them exhibit, 
including proteasome inhibition, and antimicrobial or 
cytotoxic activities [1].  
Within our current research on the synthesis of biaryl 
peptides, we focused our attention on the solid-phase 
synthesis of cyclic peptides containing a biaryl bond 
between the side chains of two aromatic amino acids. A 
method of choice for the preparation of biaryl systems is 
the Suzuki-Miyaura cross-coupling of an aryl halide with an 

arylboronic acid [2]. Recently, we have reported the 
synthesis of biaryl peptides involving the borylation on solid 
support of a phenylalanine followed by the coupling of a 
variety of aryl halides [3]. This is the first example of the 
solid-phase borylation of a phenylalanine peptide, being a 
successful approach for the preparation of modified 
peptides in a highly flexible manner.  
Here we report an extension of this methodology to the 
synthesis of biaryl cyclic peptides. First, we prepared the 
linear precursor containing the corresponding amino acid 
boronate and the haloaryl residue. The boronate was 
synthesized using our solid-phase borylation protocol. 
Cyclization via a Suzuki-Miyaura cross-coupling was then 
assayed. Microwaves significantly enhanced this reaction 
leading to biaryl cyclic peptides in moderate to good 
purities. Then, we explored the scope of this methodology 
using various peptide sequences.  
[1] Feliu, L., Planas, M. Int. J. Pept. Res. Ther. 2005, 11, 
53-97.  
[2] Miyaura, N., Suzuki, A. Chem. Rev. 1995, 95, 2457-
2483.  
[3] Afonso, A., Rosés, C., Planas, M., Feliu, L. Eur. J. Org. 
Chem. 2010, 1461-1468.  
 
P003. Abstract number: 71 
Synthesis and characterization of FlAib, a completely 
rigidified benzophenone-containing a-amino acid 
C. Toniolo1, K. Wright2, A. Blanco Alvarez2, M. Crisma3, A. 
Moretto1, F. Formaggio1

1Department of Chemistry, University of Padova, Padova, 
Italy 
2ILV UMR 8180, University of Versailles, Versailles, France 
3ICB, Padova Unit, CNR, Department of Chemistry, 
University of Padova, Padova, Italy 
Photoreactive amino acids with benzophenone side 
chains, such as the widely used Bpa 3-(4-benzoyl-
phenyl)alanine, have been used as photoprobes for the 
covalent modification of enzymes and receptors in protein-
mapping studies. However, results of photocross-linking 
experiments need to take into account the flexibility of the 
Bpa side chain, which allows reaction with amino acid 
residues up to 10 Å distant. Since incorporation of a cyclic 
structure into the amino acid side chain reduces flexibility, 
we have designed and synthesized an extremely highly 
constrained fluorenone-containing amino acid, FlAib, 
belonging to the sub-class of the Ci

α <-> Ci
α cyclized, Cα-

tetrasubstituted α-amino acids, which are known to induce 
β-turn and helix formation in peptides. The 3,4-dimethyl-
fluorenone structure required for the synthesis of FlAib was 
obtained by diazotization of the corresponding dimethyl-
aminobenzophenone (prepared from the known 2-amino-
3,4-dimethyl benzoic acid). Bromination of the side chains 
of this dimethyl-fluorenone gave 3,4-(bis)bromomethyl-
fluorenone, which was used in the bis(alkylation) of ethyl-
isocyanoacetate under phase-transfer conditions to give 
the cyclic, racemic amino acid H-FlAib-OEt after acid 
hydrolysis. Nα-Benzoyl protection, saponification of the 
ester function, and coupling with H-(S)-Phe-NHChx gave 
dipeptide diastereomers which could be resolved by 
crystallization and chromatography. A crystal of one of 
these diastereomers, Bz-(R)-FlAib-(S)-Phe-NHChx, 
subjected to X-ray diffraction analysis, allowed the 
assignment of the absolute configuration of the FlAib 
residue. As expected, the (R)-FlAib residue is able to 
induce a (type-I) β-turn in the molecule, thus behaving as 
an (S)-protein amino acid. 
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P004. Abstract number: 72 
A practical large scale synthesis of cyclic RGDfK 
peptide suitable for further decoration of various 
biomaterials through 'click' chemistry 
P Palecek, AK Kirschning, GD Dräger 
Institut für Organische Chemie, Hannover, Germany 
Cyclic pentapeptides containing RGD (Arg-Gly-Asp) motif 
were developed as highly active and selective antagonists 
for the αvβ3 integrin receptor. A class of this heterodimeric 
transmembrane protein shows an important role in cell-cell 
and cell-matrix interactions and recognitions. A number of 
cyclic RGD pentapeptides1 were synthesized (solid-phase 
method) and frequently tested for they crucial location in 
tumor angiogenesis and metastatis as well as for the 
stimulation of cell adhesion.  
The ε-amino lysine (K) moiety of the cRGDfK peptide can 
be readily modified to the ε-azide1c,d and used for a further 
functionalization with alkynes using a 1,3-dipolar 
cycloadition (”click”-chemistry)2 to afford the corresponding 
1,4-disubstituated 1,2,3-triazoles. In many examples the 
method was applied in the synthesis of glycoconjugates 
and oligosaccharides.  
We will present our most recent results on a new efficient 
large scale solution-phase synthesis of the N-ε-azido 
derivative of cyclo[Arg-Gly-Asp-D-Phe-Lys] peptide and its 
further functionalization through ”click”chemistry with 
various biomaterials in the field of tissue engineering, e.g. 
decoration of polysialic acid, hyaluronic acid, alginate or 
modification of polymethylpentane foils which are currently 
developed in our group.  
1. a) R. Haubner, R. Gratias, B. Diefenbach, S.L. 
Goodman, A. Jonczyk, H. Kessler, J. Am. Chem. Soc. 118, 
1996, 7461-7472; b) X. Dai, Z. Su, J.O. Liu, Tetrahedron 
Lett. 41, 2000, 6295-6298; c) I. Dijkgraaf, A.Y. Rijnders, A. 
Soede, A.C. Dechesne, G.W. van Esse, A.J. Brouwer, 
F.H.M. Corstens, O.C. Boerman, D.T.S. Rijkers, R.M.J. 
Liskamp, Org. Biomol. Chem. 5, 2007, 935-944; d) S.S. 
van Berkel, A. (Ton) J. Dirks, S.A. Meeuwissen, D.L.L. 
Pingen, O.C. Boerman, P. Laverman, F.L. van Delft, 
J.J.L.M. Cornelissen, F.P.J.T. Rutjes, Chem. Bio. Chem. 9, 
2008, 1805-1815.  
2. a) C.W. Tornøe, C. Christensen, M. Meldal, J. Org. 
Chem. 67, 2002, 3057-3064; b) V.V. Rostovtsev, L.G. 
Green, V.V. Fokin, K.B. Sharpless, Angew. Chem. Int. Ed. 
41, 2002, 2596-2599.  
 
P005. Abstract number: 81 
Straighforward syntheses of deuterated precursors to 
be used as powerful tracers under fermentative 
conditions 
F. Cavelier1, A Roland2, A Razungles2, R Schneider2

1IBMM, Montpellier, France 
2INRA, UMR 1083 Sciences pour l’œnologie, Montpellier, 
France 
Some varietal thiols as 4-methyl-4-mercaptopentan-2-one 
(4MMP), 3-mercaptohexan-1-ol (3MH) and its acetate 
(3MH-A) are responsible for fruity notes in young white 
wines. These odoriferous compounds are released during 
the alcoholic fermentation from non-aromatic precursors 
identified as cysteine conjugates1, 2 under the action of 
the yeast trough its β-lyase enzymatic activity2.  
Recent investigations reported the occurrence of 
glutathione conjugates3-5 in grapes and could be good 
candidates as novel precursors. To prove the direct 
relationship between glutathionylated precursors and the 
corresponding thiols, straightforward syntheses of 
deuterated analogues were developed. The S-3-(hexan-1-
ol)-glutathione (G3MH) and S-3-(4-methylpentan-2-one)-
glutathione (G4MMP) were synthesized through a Michael 

reaction addition of free glutathione on (E)-2-hexenal and 
mesityl oxide, however in different yields, 10 and 80 % 
respectively. The G3MH-d2 and G4MMP-d10 were 
obtained under similar conditions using deuterated (E)-2-
hexenal5 and mesityl oxide.  
These labeled precursors were then used as tracers in 
Sauvignon blanc fermentation experiments. The release of 
deuterated 3MH and 4MMP in resulting wines 
demonstrated the ability of the yeast to metabolize 
glutathionlyted precursors under enological conditions. The 
conversion yield of such transformation was estimated 
closed to 4.5 %5 and 0.3 %6 for G3MH and G4MMP 
respectively, opening avenue for additional studies on 
varietal thiols biogenesis.  
1. Tominaga, T.; Dubourdieu, D. J. Agric. Food Chem. 
1998, 48, 2874.  
2. Tominaga, T.; Peyrot des Gachons, C.; Dubourdieu, D. 
J. Agric. Food Chem. 1998, 46, 5215.  
3. Fedrizzi, B.; Pardon, K. H.; Sefton, M. A.; Elsey, G. M.; 
Jeffery, D. W. J. Agric. Food Chem. 2009, 57, 991.  
4. Peyrot des Gachons, C.; Tominaga, T.; Dubourdieu, D. 
J. Agric. Food Chem. 2002, 50, 4076.  
5. Roland, A.; Schneider, R.; Guernevé, C. L.; Razungles, 
A.; Cavelier, F. Food Chem. 2010, 121, 847.  
6. Roland, A.; Schneider, R.; Razungles, A.; Licenziato, L.; 
Cavelier, F. Bioorg. and Med. Chem. 2010, Submitted. 
 
P006. Abstract number: 82 
Tert-BuNH2 as an Efficient Reagent for the 
Deprotection of Fmoc Protected Amino Acids 
Dr. Arabanian1, S Balalaie2

1K.N.Toosi University of Technology/ Tofigh Daru 
Research Co., Tehran, Iran 
2Peptide Chemistry Research Center, K.N.Toosi University 
of Technology, Tehran, Iran 
Fmoc group is one of the most important protecting groups 
for the protection of N-terminal amino acids and also solid 
phase peptide synthesis. The removal of the temporary 
Fmoc protecting group from the N-terminus of the peptidyl-
resin is normally achieved by short treatment with 20% 
piperidine in DMF. Due to the hazardous parameter, 
piperidine has some problems such as potential symptons. 
Finding another efficient reagent with the same activity is 
still required demand. In this research work, we have 
demonstrated t-BuNH2 as an efficient reagent for Fmoc 
deprotection in solid phase peptide synthesis instead of 
piperidine. This method was examined with different Fmoc 
protected amino acids and also for the synthesis of Leu- 
and Met-enkephalins. In all cases, the reaction conditions 
were examined with different percentages of t-BuNH2. The 
best results were obtained with 20% t-BuNH2 in DMF. 
Fmoc removal was monitored by UV-spectroscopy. The 
results were indicating that t-BuNH2 is essential for 
deprotection and its contribution determines the rate of 
reaction. The amount of t-BuNH2 was optimized and the 
best condition was obtained with 20% t-BuNH2. The details 
of the results will discussed. 
 
P007. Abstract number: 86 
Comparison of Peptide Coupling Reagents COMU and 
HCTU 
G Fuentes, C Chantell, H Patel, M Menakuru 
Protein Technologies, Inc., Tucson, United States of 
America 
For many years, HATU has been viewed as the most 
efficient activator available for peptide synthesis. However, 
it is also extremely expensive, and is often reserved for 
only the most difficult couplings. Hood, et al. found HCTU 
to be a highly efficient, low-cost alternative to HATU [1]. 
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With it, they were able to produce peptides with coupling 
times of 5 minutes or less. COMU is a new, highly efficient 
coupling reagent that initial reports have found has similar 
reactivity to HATU [2]. In this study, we compare the 
activator COMU with HCTU for the Fmoc solid-phase 
synthesis of a variety of peptides.  
[1] Hood CA, Fuentes G, Patel H, Page K, Menakuru M, 
Park JH. Fast conventional Fmoc solid-phase peptide 
synthesis with HCTU. J. Pept. Sci. 2008; 14: 97-101.  
[2] El-Faham A, Subirós-Funosas R, Progens R, Albericio 
F. COMU: A safer and more effective replacement for 
benzotriazole-based uranium coupling reagents. Chem. 
Eur. J. 2009; 15: 9404-9416.  
 
P008. Abstract number: 88 
Peptide diketopiperazine thioester formation at the 
Cys-Pro-Cys position 
T Kawakami, S Shimizu, S Aimoto 
Osaka University, Osaka, Japan 
A peptide thioester is one of the key intermediates in 
protein synthesis by the ligation strategies, such as the 
thioester method [1] and native chemical ligation [2]. We 
have focused on an N to S acyl shift reaction for producing 
peptide thioesters. In previous studies, we reported on the 
development of a CPE autoactivating unit, which is 
spontaneously transformed into a diketopiperazine (DKP) 
thioester via an intramolecular N to S acyl shift reaction [3]. 
The ester group in the CPE group played a crucial role as 
a leaving group at the DKP formation step. To find a 
general sequence that leads to thioester production without 
an ester moiety, we initiated a search for a CPE-like 
autoactivating unit.  
We prepared a peptide library containing a peptide-Cys-
Pro-Xaa-Xbb-Xcc-Arg-NH2 (1) (peptide: Ala-Lys-Leu-Arg-
Phe-Gly) structure, in which the Cys-Pro sequence was 
fixed and the Xaa-Xbb-Xcc contained random sequences 
of 3 amino acids consisting of Asn, Asp, Cys, Gln, Gly, His, 
Leu, or Ser residues. The library was treated with H-Cys-
Tyr-NH2 (2) in neutral buffer solutions to examine the 
peptide thioester formation, resulting in the production of a 
ligated product, H-Ala-Lys-Leu-Arg-Phe-Gly-Cys-Tyr-NH2 
(3). The ligated product was observed as a small but 
distinct peak by RP-HPLC and mass spectroscopy, when a 
Ser or Cys residue was located at the Xaa position, 
although the ligation efficiency was low. In a subsequent 
experiment, some of the selected peptides, such as H-Ala-
Lys-Leu-Arg-Phe-Gly-Cys-Pro-Cys-NH2 (4), were 
incubated in a 0.1 M hydrochloric acid or heptafluorobutyric 
acid at 110 °C in an evacuated sealed tube. In the reaction 
of peptide 4, the mass number corresponding to peptide 
DKP thioester 5, cyclo(-Cys(R)-Pro-) (R = H-Ala-Lys-Leu-
Arg-Phe-Gly-), was observed [4]. Details of the thioester 
formation will be discussed.  
[1] Hojo, H.; Aimoto, S. Bull. Chem. Soc. Jpn. 1991, 64, 
111-117.  
[2] Dawson, P. E.; Muir, T. W.; Clark-Lewis, I.; Kent, S. B. 
H. Science 1994, 266, 776-779.  
[3] (a) Kawakami, T.; Aimoto, S. Chem. Lett. 2007, 36, 76-
77; (b) Kawakami, T.; Aimoto, S. Tetrahedron 2009, 65, 
3871-3877.  
[4] Kawakami, T.; Shimizu, S.; Aimoto, S. Bull. Chem. Soc. 
Jpn. 2010, in press. 
 
P009. Abstract number: 100 
Fmoc deprotection in the synthesis of cyclic part of 
oxytocin like peptides; some biological effects and 
physical properties 
M.F. Flegel1, Z Flegelova2, P Malon3, S Hynie1, V 
Klenerova1

11st.Faculty of Medicine, Charles University in Prague, 
Prague, Czech Republic 
2Vidia spol.s.r.o,, NAD SAFINOU II 365, Vestec, Czech 
Republic 
3IOCB, FLEMINGOVO N. 2 Prague 6, Czech Republic 
The cyclic part of oxytocin (OT) is known to have some 
central pharmacological effects,  
in which the cycle size plays the most important role. This 
part of OT molecule can be interesting as a model for 
examination of molecular geometry and dynamics, 
followed in ECD, VCD and ROA.  
Methodological reason was also for the preparation of 
models I and II and III.  
c(C-Y-I-Q-N-C)-NH2 (I), c(C-A-G-A-G-C)-NH2 (II), and c(C-
Y-I-Q-N-C)-OMe (III). It consists of the exploitation of tert-
butylamine as a Fmoc deprotecting agent not only and with 
advantage in LPPS (liquid phase) but also in SPPS (solid 
phase).  
Piperidine, commonly used as Fmoc deprotecting agent in 
SPPS can unfortunately only hardly be used in LPPS due 
to the problems with peptides isolation. Removal of 
piperidine is usually difficult. The exploitation of Fmoc 
strategy in LPPS can be made possible by  
tert-butylamine, which was used in various solvents in 
reaction mixture containing some dibenzofulvene 
scavengers - preferably resin bound. HBTU as preferred 
SPPS coupling agent was used also in LPPS.  
Comparison of results of Fmoc release test made by both 
tert-butylamine and piperidine will illustrate the deprotection 
efficiency. Effects of I, II and III in the open field 
pharmacological test and spectral properties of the 
compounds will be mentioned.  
Supported by MSM 0021620806.  
 
P010. Abstract number: 109 
Backbone- Cyclic Octapeptide-Ligands with N-
functionalized Phosphotyrosine for the N-terminal 
SH2-Domain of Phosphatase SHP-1 
A. Reissmann1, MS Zoda1, M Zacharias2

1Friedrich-Schiller University, Jena, Germany 
2Technische Universität München, Physik-Department 
(T38), D-85748 GARCHING, Germany 
Backbone cyclization can help to stabilize peptides against 
proteolytic degradation and to preform their bioactive 
conformation. We started different approaches to form 
building units for the assembly of backbone cyclic peptides, 
optimized the synthetic strategies and studied structure 
activity relationships. We developed peptide ligands for 
SH2- domains. These phosphotyrosine containing peptides 
are of great interest to influence the activity of kinases, 
phosphatases and other functional proteins.  
Till now backbone cyclization was never performed with 
phosphotyrosine. The assembly of such peptides with 
backbone cyclization requires special building units. We 
used N-functionalized dipeptides with unprotected 
phenolic group because all our different attempts failed to 
form in solution or on SASRIN-resin dipeptide building 
units with already phosphorylated tyrosine. Thus, 
phosphorylation of resin bound peptides was performed 
after assembly of the protected resin bound octapeptides 
and after cyclization. The advantage is that this offers the 
possibility to synthesize simultaneously peptides as well as 
with phosphorylated and unphosporylated tyrosine [1].  
We tested our strategy on the synthesis of octapeptide-
ligands for the N-terminal SH2-domain of the protein 
tyrosine phosphatase SHP-1.  
The obtained backbone cyclic ligands were tested for their 
influence on the phosphatase activity of full length SHP-1. 
All linear and cyclic octapeptides stimulated the 
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phosphatase activity of SHP-1. No reduction of the basal 
activity could be detected The cycles force the peptides to 
form a folded conformation and bind to the deep and 
hydrophobic pocket of the SH2-domain, probably 
additionally by the lactam bridge. The found activities 
agree well with the molecular modelling. Thus the modelled 
conformation seems to be verified.  
The backbone cylic octapeptide ligands are stable against 
proteolytic degradation by chymotrypsine, proteinase K 
and cell homogenate. For functional characterization the 
octapeptides were internalized into NIH 3T3 cells using cell 
penetrating peptides.  
The project was financially supported by the ”DFG”(Re 
853/10-1).  
[1] Zoda, MS, Reissmann S. Backbone cyclization of 
peptides via N-functionalized phosphorylated tyrosine. In 
Peptides 2008, Lankinen H, Naervaenen A (eds).  FIPS: 
Helsinki 2009; 138-139. 
 
P011. Abstract number: 111 
Radical Scavenging Activity of 
Hydroxycinnamoylamides of Amino Acids - 
Precursors of Biogennic Amines 
S. Milkova1, M Chochkova1, H Nikova1, G Ivanova2, L 
Georgiev1

1South-West University�Neofit Rilski�, Blagoevgrad, 
Bulgaria 
2Polo da Universidade do Porto Departamento de Química 
Rua do Campo Alegre, Porto, Portugal 
А number of hydroxycinnamic acid amides were prepared 
from the ferulic, sinapic, caffeic acids and amino acid 
residues of tryptophan and phenylalanine by EDC/HOBt 
method. Their structures were elucidated by UV, 1H-NMR 
and mass spectroscopy.  
The ability of hydroxycinnmaoyl amino acid amides to act 
as radical scavengers was compared with the amides, 
consisting of the corresponding biogennic aromatic amines 
using DPPH test.  
 
P012. Abstract number: 113 
Repetitive Cleavage of Aib-Peptides by Trifluoroacetic 
Acid 
H Brückner1, C Theis1, T Degenkolb1, R Gessmann2, M 
Kokkinidis2

1University of Giessen/Interdisciplinary Research Centre 
(IFZ), Giessen, Germany 
2Institute of Molecular Biology and Biotechnology, FORTH, 
Heraklion, Greece 
Crystalline homopeptides of the general structure Z-(Aib)n-
OtBu (n = 3-11) form consecutive β-turns of type III 
resulting in full turns of 310-helices for n = 5, 8, and 11 
(Aib, α-aminoisobutyric acid, 2-methylalanine) (1-4). We 
have treated Z-(Aib)10-OtBu 1 (2) and Z-(Aib)7-OtBu 2 (3) 
at 37 °C with anhydrous trifluoroacetic acid (1 mg peptide 
in 1 ml TFA) for 0.5 - 24 h and analyzed the resulting 
products by RP-HPLC and on-line LC-ESI-MS. Besides the 
expected and fast removal of the tert. butyl group we 
observed an unexpected peptide bond cleavage even 
though peptide bonds of protein amino acids are usually 
stable towards TFA. From 1 formation of a regular series of 
Z-(Aib)10-5-OH were detected with 0.5 h. Furthermore, 
concomitant release of the series of H-(Aib)10-3-OH 
occurred, indicating also the fast cleavage of the 
benzyloxycarbonyl (Z) group. From 2, after 3 h formation of 
the regular series Z-(Aib)3-7-OH were observed. From 
these data the common and fast cleavage of the tert.butyl 
group is deduced followed by a repetitive cleavage of the 
peptide bonds via intermediate formation of C-terminal 
oxazolones (5,6). Internal nucleophilic attack of the oxygen 

of the carboxamide group of the second to last Aib on the 
carboxy group of the C-terminal Aib residue is probably 
favored by the so-called geminal dimethyl group or 
THORPE-INGOLD effect. Notably, ion source collision-
induced dissoziation (CID) mass spectrometry of 1 and 2 
produced also regular b-series of positive 
acylium/oxazolonium ions. From the data the generation of 
intermediate oxazolonium ions in both gas and liquid phase 
is concluded and related fragmentation/cleavage 
mechanisms are proposed. The selective acidolytic 
cleavage can be extended and used for the sequencing of 
native peptides containing Aib residues (peptaibiotics) (6) 
but has also to be considered in synthetic peptide 
chemistry.  
(1) Benedetti, E.; Toniolo, C. et al.; J. Am. Chem Soc. 
1982; 104, 2437-2444; (2) Geßmann, R.; PhD thesis, 
University of Hohenheim at Stuttgart, 1999; (3) Vlassi, M.; 
Brueckenr, H.; Kokkinidis, M.; Acta Cryst. 1993, B49, 560-
564; (4) Gesssmann, R.; Brückner, H.; Petratos, K.; J. 
Peptide Sci. 2003, 9, 753-762; (5) Wipf, P.; Heimgartner, 
H.; Helv. Chim. Acta 1987, 70, 354-368; (6) Theis, C.; 
Degenkolb, T.; Brückner, H.; Chem Biodiv. 2009, 5, 2337-
2355. 
 
P013. Abstract number: 115 
Antioxidant Potential Of Phenolic Acid Amides Of 
Aromatic Amines 
N. Georgiev1, L Georgiev2, I Totseva3, K Seizova3, E 
Marinova3, M Chochkova4, T Milkova4

1South-West University, Blagoevgrad, Bulgaria 
2Institute of molecular biology - BAS, 1113 Sofia, Bulgaria 
3Institute of organic chemisty with centre of phytochemistry 
- BAS, 1113 Sofia, Bulgaria 
4Soth-West University „N. Rilski„, 2700 Blagoevgrad, 
Bulgaria 
The lipid peroxidation is one of the important primary 
events in the free radical-mediated oxidative damage of 
biological membranes and tissues. Antioxidants are 
organic molecules which can avoid or delay the progress of 
lipid oxidation. Their ability to do this is based mainly on 
their phenol-derived structure.  
The aim of the present investigation was to elucidate the 
antioxidative activity of eight synthesized cinnamoyl- and 
hydroxycinnamoyl amides of biogenic amines by oxidation 
of pure triacylglycerols of sunflower oil at 100°C. The 
results obtained were compared with the inhibiting effects 
of the main hydroxycinnamic acids. It was established that 
all compounds possessed excellent antioxidant 
effectiveness, comparable with this of the caffeic acid. The 
antioxidant activity increases in the following order: 
caffeoyldopamine ≈ cinnamoyldopamine > 
caffeoylphenylethylamine > caffeoyltyramine ≈ caffeic acid 
≈ caffeoyltryptamine > p-coumaroyldopamine > 
feruloyldopamine > sinapoyldopamine. The results showed 
that in contrast to the hydroxycinnamic acids, the presence 
of methoxy groups in the molecules of feruloyldopamine 
and sinapoyldopamine decrease antioxidant effectiveness. 
 
P014. Abstract number: 122 
Solid phase synthesis and characterisation of a 
platelet-derived growth factor receptor (PDGFR) 
specific Affibody molecule 
B Indrevoll, R Bjerke, E Hvattum, D Mantzilas, A Rogstad 
GE Healthcare AS, Oslo, Norway 
A 66-amino acid PDGFR specific Affibody peptide was 
produced by microwave assisted automated solid-phase 
synthesis. Fmoc-deprotection steps were carried out using 
piperazine solution in order to suppress aspartimide 
formation. Pseudo-proline was incorporated in the peptide 
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backbone, which was assembled on a 100% PEG resin, 
affording good purity and acceptable yield of crude 
Affibody. The identity of the synthetic Affibody was 
confirmed by time-of-flight mass spectrometry (TOF-MS). 
The secondary structure content was compared with its 
recombinant counterpart by circular dichroism (CD) and the 
biological activity assessed by fluorescence polarisation 
(FP) and surface plasmon resonance (SPR). 
 
P015. Abstract number: 128 
Racemization of Amino Acids on Heating with Sugars 
or Aldehydes 
H Brückner1, R Pätzold1, C Theis1, HSM Ali2
1University of Giessen/Interdisciplinary Research Centre 
(IFZ), GIESSEN, Germany 
2King Saud University, College of Food and Agricultural 
Sciences, RIYADH, Saudi Arabia 
The reaction of reducing sugars with amino components 
such as amino acids (AAs) is commonly denoted as non-
enzymatic browning or the MAILLARD reaction (MR). 
Relatively stable conjugates formed at the early stages of 
the MR from AAs and the aldose glucose (Glc) or the 
ketoaldose fructose (Fru) are named AMADORI and 
HEYNS products, respectively. Notably, the MR proceeds, 
albeit slowly, also at room temperature and under 
physiological conditions. Glycosylation of amino groups in 
proteins generates so-called advanced glycation end 
products (AGEs), sometimes referred to as glycotoxins.  
We had shown (1) that heating of reducing sugars (278 
mM) and a mixture of twelve protein L-AAs (2.5 mM) in 
AcOH (1 M) at 100 °C for 24-96 h lead to the fast formation 
of free D-AAs, a process that is commonly referred to as 
racemization or enantiomerization.  
Here, we report on new experiments on heating L-Ala at 
130 °C/48 h under the above conditions with various D-
sugars and aldehydes. Relative quantities of D-AAs (in 
brackets; not corrected for blanks) were determined by 
enantioselective GC-MS on Chirasil-Val©: Fru (39.5%), Glc 
(10.4%), galactose (18.9%), lactose (4.6%), xylose 
(34.3%), ribose (40.8%), 2-desoxy-ribose (11.3%), DL-
glyceraldehyde (30.0%), DL-methylglyoxal (31.6%), 
pyridoxal (41.8%). Furthermore, heating of dry, synthetic 
AMADORI products such as Fru-L-Phe and Fru-L-Ala 
generated free D-Phe and D-Ala, respectively (2). From the 
data a refined enantiomerization mechanism (3,4) via 
formation of sp2-hybridized carbanions as the key 
intermediates in in the aldehyde/amino acid conjugates is 
presented. The findings are of relevance in the fields of 
AGE research, glycopeptide synthesis, use of sugars as 
antifreeze agents or preservatives, and non-enzymatic 
racemization of AAs in biosystems including foodstuffs and 
plant products (5,6).  
(1) Brückner, H.; Justus, J.; Kirschbaum, J.; Amino Acids 
2001, 21, 429-433; (2) Pätzold R.; Brückner H.; J. Agric. 
Food Chem. 2005, 53, 9722-9729; (3) Pätzold, R.; 
Brückner, H.; Eur. Food Res. Technol. 2006, 223, 347-354; 
(4) Konno, R.; et al. (eds.) D-Amino Acids: Practical 
Methods and Protocols, Vol. 2, Nova Science Publisher, 
New York, 2009, pp. 221-239; (5) Ali, H.; Pätzold, R.; 
Brückner, H.; Food Chemistry 2006, 99, 803-812; (6) Ali, 
H.S.M.; Pätzold, R.; Brückner, H.; Amino Acids 2010, 38, 
951-958; 
 
P016. Abstract number: 153 
Nicotianamine and Thermonicotianamine: supported 
synthesis and chelation ability 
M.L. Larrouy, J Martinez, F Cavelier 
IBMM, Montpellier, France 

Nicotianamine (NA), which was first isolated from the 
leaves of Nicotiana Tabacum L, is an important 
biosynthetic precursor of phytosiderophores. Various 
studies have proved that nicotianamine plays a significant 
role in plants as an iron and other heavy metals 
transporter. Our study aims to synthesize unnatural 
analogues of NA to investigate the mechanisms of metal 
transport and accumulation within the plant.  
Several chemical syntheses of NA have been described, 
but they didn’t give satisfaction in terms of yield and 
versatility. We report here a new methodology of synthesis 
based on a SPOC (solid phase organic chemistry) 
strategy. The use of supported chemistry allowed us to 
access easily to NA and new related analogues with high 
yields and degrees of purity.  
Thermonicotianamine (tNA) is a compound related to NA 
that was discovered very recently into the active site of a 
NAS like enzyme named MtNAS from an archaeal bacteria 
(Methanothermobacterthermautrophicus). We applied our 
strategy on solid phase to the synthesis of the tNA and we 
compared NA and tNA chelating abilities by MS analysis of 
metal-ligand complexes.  
 
P017. Abstract number: 158 
Protection of Hydroxyl Group via tert-butylation using 
MTBE 
Ms Ramezanpour, S Balalaie 
K.N. Toosi University of Technology, Tehran, Iran 
Traditionally in peptide synthesis, the side chain hydroxyl 
functions in Ser and Thr are protected as Bzl or t-Bu ether. 
In order to prepare Ser(tbu) temporary protection of the 
hydroxyl functional group in side chain is necessary.  
Tert-Butylated amino acids could be prepared by reaction 
with isobutene in organic solvent which is protonated by 
concentrated sulfuric acid. The existence of strong acid is 
necessary to generated the tert-butyl cation by protonation 
of isobutene. In another approach , t-butanol was used as 
a starting material for the t-butylation of hydroxyl group in 
the presence of Lewis acid.  
Here, we describe a practical synthesis of t-butyl side chain 
protected serine and threonine derivatives which are useful 
in Boc and Fmoc chemistry, respectively. Reaction were 
carried out using methyl tert-butyl ether (MTBE) instead of 
isobutene in the presence of strong acids and Lewis acids. 
The details will be discussed. The best yields were 
obtained using strong sulfuric acid. 
 
P018. Abstract number: 168 
Synthesis Of Human Exon 1 Huntingtin 
S Singer, T Zauner, M Genz, R Hoffmann, T Zuchner 
Institute of Bioanalytical Chemistry, BBZ, Leipzig 
University, Leipzig, Germany 
Huntington’s disease (HD) is a genetically derived 
neurodegenerative disease caused by a CAG-triplet repeat 
expansion in the huntingtin gene. The protein huntingtin is 
3,144-amino-acid long and is encoded over 67 exons with 
the CAG triple repeat located within the first exon. This 
CAG sequence codes glutamine. If the CAG repeat 
number in the gene exceeds 35, the resulting 
polyglutamine stretch makes the protein pathogenic. 
Shorter repeat numbers do not result in pathogenicity of 
the protein. Disease symptoms include depression, 
personality changes, weight loss, dementia and severe 
motor disturbances. The length of the poly-Q stretch 
inversely correlates with the patients’ age of first 
symptoms. A repeat length of 40-55 glutamines typically 
triggers the first symptoms at an age of 35-50 years.  
The expression of exon 1 huntingtin, a 67 amino acid long 
polypeptide including variable poly-Q stretches was 
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sufficient to cause full HD like pathology in different animal 
models. Overexpression of exon 1 huntingtin or longer 
parts of the protein failed due to cell-toxicity of the 
pathological form and its high aggregation potential. Here, 
we describe the synthesis of a 109 residue long exon 1 
huntingtin peptide including a poly-Q stretch of 42 
glutamines by microwave assisted solid phase peptide 
synthesis. The yield of the peptide was in the mg range 
with a very high purity. We also synthesized the non-
pathogenic version of exon 1 huntingtin (90 amino acids 
long including a poly-Q stretch of 23 glutamines) using the 
same strategy. In CD-spectroscopy, both polypeptides 
showed alpha-helical properties with the longer peptide 
showing more pronounced alpha-helices. The pathogenic 
and non-pathogenic exon 1 huntingtin polypeptides have 
great potential for further biomedical analysis and could be 
used e.g. for large-scale pre-screenings for aggregation 
inhibitors, further structural analyses, and protein-protein 
interaction studies.  
 
P019. Abstract number: 172 
Synthesis Of New Polymer Matrices Including Amino 
Acids 
L Danalev1, JM Ringeard2, S Serfaty2, JY Le Huérou2, E 
Caplain2, P Griesmar2

1University of Chemical Technology and Metallurgy, Sofia, 
Bulgaria 
2Université de Cergy-Pontoise, ENS-Cachan, UMR CNRS 
8029, SATIE, CERGY-PONTOISE, France 
Amino acids, carbohydrates and nucleic acids are common 
biomolecules involved in the diagnostic and treatment 
(drug delivery) of wide number of diseases. Efforts of many 
scientific groups concern their encapsulation in organic 
or/and inorganic matrices during polymerization [1]. During 
this process some secondary reactions between the 
biomolecules and host network could occur. These 
interactions induce a modification of the native polymer 
structure. Moreover, a change of the initial functionality of 
these biomolecules could arise. A solution of both 
problems consists in optimizing the incorporation process. 
Indeed the choice of this process strongly determines the 
capability of further amide bond formation.  
Herein we present several strategies in order to 
incorporate amino acids in organic and/or inorganic 
polymers. The sol-gel (SG) process is a suitable way to 
obtain hybrid polymer matrices. It is based on the 
hydrolysis of starting materials and further condensation. 
Different type of amino acids (either with different pKa or 
spatial obstructed group) is used and the further amide 
bond formation is investigated. Either free or protected 
amino acids are also studied. Additionally, a novel on-line 
technique to monitor the dynamic rheological properties at 
microscopic scale is used for polymerization study. This 
technique gives us information on the final material 
structure [2]. Using the complex shear moduli G' and G' 
evolution (respectively linked to elasticity and viscosity) an 
optimization of the process is proposed in order to design 
new biosensors and bioreactors.  
[1] Bulmus V, Patr S, Tuncel SA, Piskin E (2001) Journal 
of Controlled Release 76 : 265-274  
[2 ]Ehssein CO, Serfaty S, Griesmar P, Le Huerou JY, 
Martinez L, Caplain E, Wilkie-Chancellier N, Gouedard G, 
Figuiere P (2006) Ultrasonics 44 : e875-e879  
 
P020. Abstract number: 179 
Convenient synthesis of Tfm-dipeptides from 
unprotected enantiopure a-Tfm-Proline and a-Tfm-
Alanine  
CG Chaume1, N Lensen2, T Brigaud2, C Caupène2

1University of Cergy-Pontoise, Sartrouville, France 
2Laboratoire SOSCO, Université de Cergy-Pontoise, 
Cergy-Pontoise, France 
The major disadvantages of peptides as therapeutic 
agents are their rapid degradation by peptidase and their 
low lipophilicity. In this context, α-trifluoromethyl α-amino 
acids (α-Tfm-AAs) are very attractive compounds for the 
design of biologically active molecules. Indeed, the 
incorporation of trifluoromethyl group containing amino 
acids into peptides increases chemical and thermal 
stability, resistance to protease degradation and enhances 
hydrophobicity giving a better affinity for lipid membranes. 
Moreover, their incorporation into peptides induces 
particular conformational stabilisations and better auto-
assembly. In addition, labeled 19F peptides should be of a 
big interest for structure elucidation and for the 
investigations of biochemical processes.  
Despite these promising properties, two major drawbacks 
have to be overcome for their use in medicinal chemistry: 
1) the synthesis of α-Tfm AAs in enantiopure form in large 
scale remains a challenge, 2) their incorporation into 
peptide sequences is very limited due to both the low 
nucleophilicity of the amino group and the steric hindrance 
imparts by the trifluoromethyl group.  
We are already interested in the development of efficient 
synthetic routes for the preparation of enantiopure α-Tfm 
AAs starting from chiral CF3-oxazolidines (Fox) or imines. 
We are now particularly focused on the development of 
efficient peptide coupling reactions of our α-Tfm-AAs in 
order to incorporate them into peptide chains. Here, we 
report the convenient synthesis of N-terminal dipeptides 
from unprotected enantiopure α-Tfm-Alanine and α-Tfm-
Proline. Moreover, the coupling reaction at the N-terminal 
position deactivated by the trifluoromethylated group is 
also described. The reaction requires the use of a Fmoc-
amino acid chloride. 
 
P021. Abstract number: 180 
Concise access to (S)- and (R)-a-Tfm-Serine and a-
Tfm-Aspartic acid from chiral 
trifluoromethyoxazolidines (Fox) 
CG Chaume1, J Simon2, T Nguyen2, E Chelain2, J 
Pytkowicz2, N Lensen2, T Brigaud2

1University of Cergy-Pontoise, Sartrouville, France 
2Laboratoire SOSCO, Université de Cergy-Pontoise, 
Cergy-Pontoise, France 
α-Trifluoromethylated amino acids (α-Tfm AAs) are current 
synthetic targets due to the unique physical and biological 
properties imparted by the fluorinated group. However, 
their preparation in enantiopure form remains a challenge.  
Our group is involved in the development of efficient 
synthetic routes for the preparation of enantiopure 
trifluoromethylated amino acids starting from chiral CF3-
oxazolidines (Fox) or imines and their incorporation into a 
peptide chain.  
We will report here the straightforward preparation of both 
enantiomers of α-Tfm-Serine and α-Tfm-Aspartic acid in 
enantiopure form starting from oxazolidines derived 
respectively from ethyl trifluoropyruvate and ethyl 
trifluoroacetoacetate. The key step of both synthesis 
involves a Strecker-type reaction. 
 
P022. Abstract number: 181 
CF3-pseudoprolines : Synthesis and conformational 
study of hydrolytically stable proline surrogate 
containing dipeptides. 
CG Chaume1, D Feytens2, C Caupène3, O Barbeau3, E 
Miclet2, T Brigaud3

1University of Cergy-Pontoise, Sartrouville, France 
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2Laboratoire des BioMolécules, Université Pierre et Marie 
Curie, UMR 7203, Paris, France 
3Laboratoire SOSCO, Université de Cergy-Pontoise, 
Cergy-Pontoise, France 
The incorporation of proline derivatives is known to restrict 
the peptide bond cis/trans isomerization, to control the 
protein folding and consequently to modulate the biological 
activity of peptides. Based on these observations, Mutter’s 
group introduced pseudoproline building blocks (ΨPro) into 
peptide sequences as reversible protecting groups for Ser, 
Thr and Cys. ΨPro residues proved to be versatile tools for 
overcoming the aggregation encountered during solid 
phase peptide synthesis (SPPS). They also turned out to 
be inducers of β-turns containing predominantly cis-amide 
bond and useful tools in peptide cyclization.  
Our group is interested in the development of efficient 
routes for the preparation of enantiopure 
trifluoromethylated amino acids (Tfm AAs), particularly 
pyrrolidine-type α-Tfm AAs and their incorporation into a 
peptide chain. As a complementary strategy, we are now 
focused on the use of trifluoromethylated pseudoprolines 
(CF3-ΨPro). Conformational restrictions as well as unique 
physical and biological properties imparted by the 
fluorinated group are expected from the incorporation of 
such kind of amino acid surrogates into peptide chain. In 
addition, a high degree of stability toward acidic media is 
expected since the chemical stability of ΨPro systems 
strongly depends on the electronic effects of the C2 
substituents. This property could make them hydrolytically 
stable authentic proline surrogates compatible with SPPS 
strategy.  
We will report the preparation of various CF3-ΨPro as well 
as the methodological study developed to optimize the 
synthesis of various C-terminal and N-terminal CF3-ΨPro 
containing dipeptides. Their conformation and their stability 
toward hydrolysis have been studied and will also be 
reported. 
 
P023. Abstract number: 198 
Solid Phase Synthesis Substituted Peptide Amides On 
Aryl Hydrazine Resin 
A Neugebauer, A Kwiatkowska, XW Yuan, R Day 
Université de Sherbrooke, Dept. Pharmacology, 
Sherbrooke, (Québec), Canada 
Solid phase synthesis in classical approach starts with 
attachments of the first amino acid to resin for free acid or 
an amide peptide. Such approach could not be applied 
when C-terminal residue does not possess carboxyl group. 
Y. Kwan et al. [1] presented an approach to synthesize p-
nitoanilides and other anilides analogues using aryl 
hydrazine resin. We used [2] very similar approach to 
synthesize Pyr-Arg-Thr-Lys-Arg-AMC with slightly modified 
procedure. This procedure is based on solid-phase peptide 
synthesis on aryl hydrazine resin a whole sequence less C-
terminus amine residue. When the synthesis is completed, 
the fully protected peptide aryl hydrazide resin is oxidized 
with NBS in presence of pyridine. The resulting acyl 
diazene resin is then cleaved by peptide displacement with 
C-terminus amine. The protected peptide amide is then 
deprotected and purified. Finally peptide amides were 
identified by mass spectrometry and their purity determined 
by analytical HPLC. Cleavage/displacement reaction 
efficiency depends on amine nucleophilicity which in case 
of aromatic amines is not significant. Aliphatic amines 
should have much more nucleophilisity then aromatic 
amines therefore react faster and more efficient in 
described procedure. In our approach we used aliphatic 
amines as decarboxyl amino acid derivatives, which could 
mimic peptide C-terminus residue. Several peptide 

substituted amides were synthesized on solid-phase this 
way very efficiently. Those peptides were tested for their 
expected biological activity.  
[1].Kwon,Y., Welsh,K., Mitchell,A.R., Camarero, J.A., 
Organic Letters 6(21), 3801-3804 (2004).  
[2].Neugebauer,W.A, Parent, A, Yuan, Xue Wen. Day, R., 
Adv. Exp. Med. Biol., 611, 371-372 (2009).  
 
P024. Abstract number: 196 
Solid-Phase Synthesis C-Terminus Chloromethyl 
Ketone Peptides 
A Neugebauer, XW Yuan, R Day 
Université de Sherbrooke, Dept. Pharmacology, 
Sherbrooke, (Québec), Canada 
Halomethyl ketones and in particular chloromethyl ketones 
are principal tools in enzyme inhibitory examination. 
Cholromethyl ketones of amino acids, their analogues and 
peptides are the most commonly used. There is numerous 
ways to make halomethyl ketons of amino acids or 
peptides in solution. For the small molecules like amino 
acids transformation to chloromethyl ketons in classical 
organic synthesis seems to be not problematic. Peptides 
chloromethyl ketons preparations give few problems such 
as peptide solubility, racemization process when amino 
acid chloromethyl ketone couple from C-side of the peptide 
or peptide transformation to chloromethyl ketone. Solid-
phase synthesis of peptide chloromethyl ketone would 
eliminate most problems. Classical solid phase synthesis 
of these peptide derivatives in a standard form could not be 
applied due to missing C-terminal carboxyl group. A new 
strategy to build a peptide on special resin was used by 
Kwon et al [1]. Aryl hydrazine resin we used to assemble 
peptide sequence until last C-terminal chloromethyl ketone 
residue. Continuous flow synthesizer with Fmoc strategy 
was used to synthesize peptide. The protected peptide-
resin was then mildly oxidized to diazene and displaced 
from the resin with amino acid chloromethyl ketone 
derivative. Peptide was then deprotected and purified. The 
final product was identified by mass spectrometry (MALDI) 
and its purity tested on HPLC and TLC. Prepared peptide 
chloromethyl ketones were tested for their expected 
biochemical activity.  
[1].Kwon, Y., Welsh, K., Mitchell, A.R., Camarero, J.A., 
Organic Letters 6(21), 3801-3804 (2004).  
 
P025. Abstract number: 206 
Photo-uncaging of neurotransmitter amino acids from 
fluorescent 5,6-benzocoumarinyl precursors 
MJ Fernandes, MST Gonçalves, SPG Costa 
University of Minho, BRAGA, Portugal 
The spatiotemporal controlled release at target sites in or 
around cells and switching on of biological processes can 
be achieved by the photochemical stimulation (uncaging) 
of bioactive molecules from their inactive photolabile 
precursors (caged compounds) [1].  
A diversity of structures, such as 2-nitrobenzyl [2], 1-(4,5-
dimethoxy-2-nitrophenyl)-ethyl [3], 4,5-dimethoxy-2-
nitrobenzyl [4], 6-bromo-7-hydroxy-coumarin-4-yl-methyl 
[5], 7-[(diethyl-amino)-coumarin-4-yl]-methyl [6] and 7-
dinitro-indolinyl [7] have been evaluated as caging groups 
for the photo-regulation of calcium ions, neurotransmitters, 
carboxylic acids, proteins, nucleotides, peptides, RNAs and 
DNAs [8].  
Considering these facts, and following our recent research 
interests, which are also connected with the investigation 
of alternative photoreleasable protecting groups [9], we 
now report the uncaging of several neurotransmitter amino 
acids, namely β-alanine, tyrosine, 3,4-
dihydroxyphenylalanine (DOPA) and glutamic acid from 
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the corresponding 5,6-benzocoumarinyl fluorescent 
conjugates. Photocleavage studies were carried out in a 
photochemical reactor equipped with lamps of 254, 300, 
350 and 419 nm and cleavage kinetic data obtained by 
HPLC/UV monitoring will be discussed.  
Thanks are due to Fundação para a Ciência e Tecnologia 
(Portugal) for financial support through project 
PTDC/QUI/69607/2006 and a Ph.D. grant to M.J.G.F. 
(SFRH/BD/36695/2007). The NMR spectrometer Bruker 
Avance III 400 is part of the National NMR Network and 
was purchased in the framework of the National Program 
for Scientific Re-equipment, contract 
REDE/1517/RMN/2005 with funds from POCI 2010 
(FEDER) and FCT.  
[1] Bochet, C.G. J. Chem. Soc. Perkin Trans. 1 2002, 125.  
[2] Schade, B. et al, J. Org. Chem. 1999, 64, 9109.  
[3] Cambridge, S. B. et al, Nat. Methods 2009, 6, 527.  
[4] Furuta, T. et al, Proc. Natl. Acad. Sci. U.S.A. 1999, 96, 
1193.  
[5] Ando, H. et al, Nat. Genet. 2001, 28, 317.  
[6] Hagen, V. et al, ChemBioChem. 2003, 4, 434.  
[7] Fedoryak, O. D. et al, Chem. Commun. 2005, 3664.  
[8] Mayer G. et al, Angew Chem. Int. Ed. 2006, 45, 4900.  
[9] (a) Fernandes, M. J. G. et al, Tetrahedron 2007, 63, 
10133. (b) Fernandes, M. J. G. et al, Tetrahedron 2008, 
64, 3032. (c) Fernandes, M. J. G. et al, Tetrahedron 2008, 
64, 11175. 
 
P026. Abstract number: 209 
Photoswitchable Intercalating Peptides: Synthesis and 
Characterization 
AZ Zobel, K Gaus, K Wollschläger, N Sewald 
Bielefeld University, Bielefeld, Germany 
Novel highly active and specific DNA binding molecules 
have considerable potential particularly with regard to 
applications in medical science. The major or minor 
grooves of the DNA serve as recognition areas. Controlling 
DNA-binding abilities of synthetic molecules is of high 
interest for Chemical Biology. In this context, light is an 
additional possible modulator when DNA-binding 
molecules are equipped with photoswitchable moieties 
such as azobenzenes.  
Triostin A belongs to a family of peptide antibiotics 
produced by marine bacteria. The cyclic depsipeptidic 
structure is composed of two identical subunits each 
containing alanine, D-serine, N-methyl-cysteine and N-
methyl-valine. The cysteine sidechains bridge the cycle by 
forming a disulfide bond and quinoxaline-2-carboxylic acid 
(Qxc) is attached to the amino group of each D-serine.  
Triostin A shows antibacterial and cytotoxic activity like 
other members of this family including echinomycin, BE-
22179 and thiocoraline.[1] Upon binding to the DNA minor 
groove, triostin A exhibits a sequence preference for GpC 
and intercalates the Qxc chromophores in such a way that 
triostin A bridges a two base pair site. The synthetic 
analogue des-N-tetramethyltriostin A, (TANDEM), which 
lacks the four N-methyl groups, displays a change of 
selectivity to TpA sequences due to the different hydrogen 
bonding pattern.[2]   
The replacement of the cystine bridge of TANDEM by an 
azobenzene unit[3] leads to photoswitchable triostin A 
analogues. Key step of the synthesis is the double 
macrolactamization which is accomplished under pseudo 
high dilution conditions. In order to differentiate between 
cis- and trans-configurations of the azobenzene moieties, 
NMR-spectroscopy was employed. The photoswitchability 
of different analogues was investigated by irradiation and 
RP-HPLC analysis.  
 

P027. Abstract number: 217 
What could be the role of quinacrine in Creutzfeldt-
Jakob disease treatment? 
Z. Zawada1, J Sebestik1, M Safarik1, A Krejcirikova2, J 
Hlavacek1, I Stibor3, K Holada2, P Bour1

1IOCB AS CR v.v.i., Praha, Czech Republic 
21st FM CU Prague, Praha, Czech Republic 
3ICT Prague, Praha, Czech Republic 
A conversion from normal cellular form of prion protein 
(PrPC) to a toxic one (PrPSc) is suspected to cause prion 
diseases.1 This transformation can be prevented, at least 
in vitro, by the reduction of the disulfide bond of the PrPC 
and subsequent alkylation of formed thiol groups.2 

To better understand and potentially manipulate the prion 
sulfide residues, we used quinacrine as a labeling agent.  
The acridine moiety of quinacrine can undergo nucleophilic 
substitution with primary amines and thiols to afford 
quinacrine analogs, where the original aminoalkyl chain 
was replaced by another aminoalkyl group3 or thioalkyl 
group4, respectively. This fact was utilized for alkylation of 
free thiol groups of prion protein.  
We investigated quinacrine reactivity towards the thiol 
groups of prion-protein derived peptides and mouse prion 
protein: firstly as a model, we prepared short prion 
fragments with acridine moiety on cysteine sulphur atom. 
Secondly, we tried acridinylation of the mouse prion protein 
on both cysteines. All acridinylations were carried out at 
physiological condition (phosphate buffer, pH=7.4, 37 °C) 
by mixing together quinacrine and corresponding 
peptide/protein.  
To rationalize the labeling, we also modeled acridinylation 
theoretically on simpler systems, such as 4-chloropyridine 
and SH- ion. The B3LYP functional with the 6-31+G** basis 
set provided realistic activation energies. Predicted 
substituent and N-protonation influence on activation 
energy of the reaction of 9-chloroacridines with SH- were 
consistent with experimental observations.  
Probable mechanism of the acridinylation is discussed on a 
model reaction of N”methyl-4-aminopyridine with SH-, and 
extended to N-methyl-9-amino acridine.  
Since the quinacrine is potential drug for the Creutzfeldt-
Jakob disease, which is believed to be caused by prion, we 
suggest that covalent bonding of acridine moiety to the 
prion protein free thiol groups can be crucial for quinacrine 
action in the disease treatment. Moreover, the 
understanding of the acridinylation mechanism may play a 
very important role in the design of new acridine drugs.  
This work was supported by the Czech Science 
Foundation (GA CR) grant no. 203/07/1517 and Research 
Project Z40550506.  
1.S.B. Prusiner, PNAS USA 1998, 95, 13363  
2.L.M. Herrmann, B. Caughey, NeuroReport 1998, 9, 2457  
3.J. Sebestik, M. Safarik, I. Stibor, J. Hlavacek, 
Biopolymers 2006, 84, 605  
4.F. Wild, J.M. Young, J. Chem. Soc. 1965, 7261  
 
P028. Abstract number: 219 
Synthetic Antifreeze Glycopeptide Analogs 
LN Nagel1, C Plattner1, C Budke1, Z Majer2, T Koop1, N 
Sewald1

1Bielefeld University, Bielefeld, Germany 
2Eötvös Loránd University, Budapest, Hungary 
Efficient biological antifreeze agents are crucial for survival 
in arctic and antarctic waters, where the temperature 
declines below the colligative freezing point of 
physiological fluids. One of these agents are classified as 
antifreeze glycoproteins (AFGP), which have been barely 
investigated due to problematic purification from natural 
sources and challenging synthesis of heavily glycosylated 
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peptides.AFGPs usually consist of a varying number of 
[AAT]n-repeating units (n=4-50), where every threonine 
side chain is glycosidically linked to β-D-galactosyl-(1-3)-α-
N-acetyl-D-galactosamine. Although this pattern is highly 
conserved among different species, minor sequence 
mutations were found, e. g. substitution of alanine by 
proline. The antifreeze activity is usually proven by 
suppression of the recrystallisation and ice nucleation, 
thermal hysteresis and change of the crystal habitus. This 
antifreeze activity is influenced by certain properties, e. g. 
the N-acetyl group at the C2 position of the galactosamine, 
the α-configured glycosidic bond between the carbohydrate 
and the threonine residue as well as the γ-methyl group of 
threonine, what should be considered in synthesis. 
Furthermore it has been postulated that AFGPs adopt a 
threefold left-handed helix similar to a polyproline type II 
helix. The structure seems to be highly flexible and may 
changes significantly upon contact to the ice surface.Such 
glycosylated peptides with varying sequences and lengths 
can be successfully obtained by solid phase peptide 
synthesis. The difficult synthesis of peptides, because of 
the heavy glycosylation, is efficiently performed upon 
HATU activation and microwave-assistance during the 
cycles.By introduction of fluorophores at the termini, 
hydroxyproline or proline residues, which occur especially 
in the smaller natural AFGP 6-8, further important 
information regarding conformation and rigidity could be 
gained.Synthetic AFGP analogs were examined by CD 
and NMR studies in water and DMSO at different 
temperatures. Furthermore the peptides were analysed 
microphysically according to their effect on ice 
recrystallisation, inhibitory activity and influence on the 
crystal habitus. 
 
P029. Abstract number: 220 
Peptide Based Artificial Receptors for Carbohydrate 
Recognition 
P C Cudic1, A Jakas2, N Bionda1, M Cudic1

1Florida Atlantic Univesity, Boca Raton, United States of 
America 
2Rudjer Boskovic Institute, Zagreb, Croatia 
Protein-mediated natural chiral carbohydrate recognition is 
one of the most sophisticated recognition processes in 
biological systems. This process mediates many important 
aspects of cell-cell recognition, such as bacterial adhesion 
to human tissue, inflammation, cell differentiation, tumor 
cell colonization and metastasis. However, due to its 
complexity and weak binding affinities, carbohydrate 
recognition by natural systems is still poorly understood. 
Studies on synthetic carbohydrate receptors could make 
significant contributions to a better understanding of this 
process and lead to the development of new analytical 
agents or therapeutics.  
Peptide based macrocyclic structures such as bicyclic 
peptide, are particularly interesting for the design of 
artificial carbohydrate molecules because of their facile 
assembly using standard SPPS, and the three dimensional 
structure that would permit carbohydrate substrates to be 
encapsulated to afford polyvalent binding, enhancing 
therefore receptor’s selectivity and affinity. In addition, 
incorporated bipyridine aromatic units exhibit strong 
absorption and fluorescence emission bands, and 
complexation induced spectral changes can be exploited 
for the discrimination among variety of monosaccharide 
structures. To demonstrate suitability of bicyclic peptide 
structures for design of artificial carbohydrate receptors we 
have successfully prepared bicyclic peptide modeled on 
the cyclic cationic decapeptide antibiotic polymyxin B, 
which is known to bind the lipid A moiety of bacterial 

lipopolysaccharides with the high affinity. Combinatorial 
chemistry approach is applied to improve receptors binding 
properties and selectivity. 
 
P030. Abstract number: 226 
Synthesis of glycopeptides potential inhibitors of 
human rhinovirus 3C Protease 
L Danalev1, N Lubin-Germain2, J Uziel2, J Augé2

1University of Chemical Technology and Metallurgy, Sofia, 
Bulgaria 
2Université de Cergy-Pontoise, EA 4505 SOSCO, Cergy-
Pontoise, France 
Recently, due to rapidly and dramatically changing climatic 
conditions, our environment is also varying quickly. 
Simultaneously, we are witnessing the emergence of 
several new and more resistant viruses such as HIV virus, 
AH1N1 influenza virus and an ever increasing resistance of 
viruses to applied drugs. In this global context, synthesis of 
completely new or modified antiviral agents and vaccines is 
of a great interest for medical practice.  
Human rhinovirus (HRV) is a small picornavirus 
responsible for the common cold. Some enzymatic and 
structural proteins required for viral replication are 
generated by the viral encoded 3C Protease (3CP). The 
HRV 3CP is specific cysteine protease able to cleave P1-
P1’ Gln-Gly amide bond. Structurally, it closely resembles 
trypsin-like serine protease [1]. A tripeptide aldehyde Z-
Leu-Phe-Gln-H is a well know inhibitor of human rhinovirus 
3CP [2]. Several literature data reveal that P3 Leu residue 
is not important for antiviral activity and many groups could 
be tolerated at this place [3]. Herein, we report a series of 
mimetics of this tripeptide by replacement of P3 Leu 
residue in order to make possible further glycopeptides 
synthesis. An original strategy for solid phase synthesis of 
such type of Gln containing peptide by means of Glu 
residue attached to Ring amide resin will be presented. 
Additionally, some experiments to introduce COOH 
function in several carbohydrates molecules in order to 
realize the aim compounds design were done. Several 
synthetic schemes and strategies will be described and 
discussed.  
1. Orr, D. C.; Long, A. C.; Kay, J.; Dunn, B. M.; Cameron, 
J. M. (1989) J. Gen. Virol. 70:2931-2942.  
2. Webber S., Okano K., Little T.L. et al. (1998) 
J.Med.Chem. 41:2786-2805  
3. Dragovich, P.S., Webber, S.E.,Prins, T.J. et al. (1999) 
Bioorg. Med. Chem. Lett. 9:2189-2194 
 
P031. Abstract number: 232 
Stereoselective Synthesis of Tetrahydro-β-carboline 
using typtophane and Pictet-Spengler Reaction  
S Balalaie, V Dianati 
Peptide Chemistry Research Center, Tehran, Iran 
The Pictet-Spengler reaction is a key step in the total 
synthesis of a large number of indole alkaloids. In recent 
years, stereoselective synthesis of this skeleton continue to 
attract considerable interest due to the broad range of 
medicinal activities they possess. In this research, we 
would like to report the cis-selectivity of Pictet-Spengler 
reaction of tryptopha propargyl ester with aromatic and 
heteroaromatic aldehydes to generate cis-tetrahydro- β-
carbolines. In all cases, reactions were carried out under 
kinetic control. Fmoc-Trp(BoC)-OH was used as starting 
materials and the propargyl ester function was formed 
using TBTU as coupling reagent. Meanwhile, trifluoroacetic 
acid was used for cyclization and formation of β-carboline 
scaffold. These products could be used as starting 
materials for Click chemistry. The details will be be 
discussed in conference.  
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P032. Abstract number: 236 
Synthesis of aza-β3-Homoserine, incorporation of this 
new monomer into 26RFa(20-26) and microwave-
assisted deprotection of its side chain 
DR BAUDY-FLOC'H1, P Bauchat1, C Neveu2, O Tasseau1, 
B Lefranc2, J Leprince2

1UMR CNRS 6226, RENNES, France 
2INSERM U982, IFRMP23, Université de Rouen, MONT-
SAINT-AIGNAN, France 
Aza-β3-peptides, mixing α- and aza-β3-amino acids (the 
aza analogs of β3-amino acids), represent an exciting type 
of peptidomimetics.1 In particular, we have shown that an 
aza-β3-amino acid induces a N-N turn or hydrazino turn, 
stabilized by an eight-membered-ring intramolecular 
hydrogen bond between the carbonyl acceptor group of the 
residue i-1 and the amide proton of the residue i+1. 
Interestingly, this N-N turn promotes different 
conformations and in particular a well-defined γ-turn 
formation (hydrogen bond between the CO of the residue i-
2 and the hydrazidic proton of the aza-β3-moeity) when an 
α-amino acid is foregoing.2 26RFa, a neuropeptide of the 
RFamide superfamily, exhibits high affinity for GPR103 and 
induces a potent orexigenic effect in mice.3 In biomimetic 
environment, 26RFa encompasses an α-helix between 
Pro4 and Arg17 residues and a canonical γ-turn centered 
on Ser23. 26RFa(20-26), whose sequence is strictly 
conserved across species, is about 100 times less potent 
than 26RFa to mobilize [Ca2+]i in GPR103-transfected 
cells. This heptapeptide shows important distortions of the 
γ-turn that may be responsible for its weak potency. The 
aim of this study was to restore the γ-turn formation in 
26RFa(20-26) (GGFSFRF-NH2). As the γ-turn is centered on 
the Ser23 of 26RFa we focused our modifications on 
position 23. During the synthesis of a new monomer, the 
aza-β3-homo serine (aza-β3-Hse), some problems occured 
as well as during its side chain deprotection. We will 
present (i) the synthesis of Fmoc-aza-β3-Hse(R)-OH, (ii) 
the incorporation of this surrogate into the heptapeptide, 
(iii) the side chain deprotection attempts, in particular the 
microwave-assisted deprotection and (iv) the in vitro effect 
of this pseudopeptide on GPR103-transfected cells.  
1 Busnel O., Bi L., Dali H., Cheguillaume A., Chevance S., 
Bondon A., Muller S., Baudy-Floc’h. M. J. Org. Chem. 
2005, 26, 10701.  
2 Laurencin, M., Legrand B., Duval E., Zatylny-Gaudin C., 
Henry J., Bondon A., Baudy-Floc'h M. submitted.  
3 Chartrel N., Dujardin C., Anouar Y., Leprince J., Decker 
A., Clerens S., Do-Régo J.C., Vandesande F., Llorens-
Cortes C., Costentin J., Beauvillain J.C., Vaudry H. Proc. 
Natl. Acad. Sci. USA 2003, 100, 15247  
 
P033. Abstract number: 240 
Dimerization strategies of the immunosuppressory 
decapeptide ubiquitin fragment. 
Z. Szewczuk1, M Cydzik1, M Biernat1, A Kluczyk1, M 
Cebrat1, P Stefanowicz1, M Zimecki2
1University of Wroclaw, Wroclaw, Poland 
2Institute of Immunology and Experimental Therapy, Polish 
Academy of Sciences, WROCLAW, Poland 
Our previous studies demonstrated that fragments located 
in the β-loop of HLA-class II molecules suppress the 
humoral and cellular immune responses [1, 2]. It may be 
expected that properly designed dimeric analogs of 
biologically active bioligands are more selective in their 
affinity towards dimeric receptors. Basing on the three-
dimensional structure of the HLA-DR superdimer, we 
designed bivalent analogs able to mimic the dimeric nature 
of the immunosuppressive fragments of the HLA molecules 

[3]. The synthesized analogs possess enhanced 
immunosuppressory potencies as compared with their 
monomeric counterparts [4].  
Some topological correspondence between the ß164-172 
loop of HLA-DQ and the external 50-59 loop of ubiquitin 
suggests that their biological roles could also be similar. 
We found that a decapeptide 50-59 fragment of ubiquitin 
with LEDGRTLSDY sequence exhibits strong 
immunosuppressive effects on the cellular and humoral 
immune responses, comparable to that of cyclosporine [5].  
Herein, we designed and synthesized new dimeric analogs 
of the ubiquitin fragment, to probe whether the ubiquitin 
receptors may form oligomeric structures. Three 
dimerization strategies: head to tail, C-terminus to C-
terminus, and N-terminus to N-terminus, were used to 
synthesize the dimeric peptides on solid support. We 
selected polyethylene glycol derivatives as linking agents 
because of their flexibility, solubility and bioavailability. In 
the course of our research, we developed a new and 
straightforward procedure for the direct dimerization of the 
C-terminal peptide side-chains on solid support by a 
polyethylene glycol spacer.  
Our results indicate that particularly the head to tail 
dimerization results in enhanced immunosuppressive 
activity of the conjugated decapeptide fragments of 
ubiquitin. This may suggest a parallel orientation of the 
molecules of the hypothetic ubiquitin receptors responsible 
for the immunomodulatory activity.  
Supported by grant No. N N401 222734 from the MSHE 
(Poland).  
1. Szewczuk Z., Stefanowicz P., Wilczynski A., et al. 
Biopolymers 1996; 40:571-583  
2. Szewczuk Z., Wilczynski A., Stefanowicz P., et al. Mol. 
Immunol. 1999; 46:525-533  
3. Szewczuk Z., Biernat M., Dyba M., et al. Peptides 2004; 
25:207-215  
4. Biernat M., Stefanowicz P., Zimecki M., et al. 
Bioconjugate Chem. 2006; 17:1116-1124  
5. Szewczuk Z., Stefanowicz P., Wilczynski A., et al. 
Biopolymers 2004; 74:352-362 
 
P034. Abstract number: 257 
The application of the new tin(IV) chloride deprotection 
for the preparation of glycosylated peptides 
O.Sz.Cs. Szolomajer-Csikos1, K Rákosi1, O Hegyi1, L 
Kalmár2, J Kerékgyártó2, G Tóth1

1University of Szeged, Szeged, Hungary 
2University of Debrecen, DEBRECEN, Hungary 
Glycopeptides are a rapidly growing family of biologically 
important molecules. The carbohydrate moieties are 
attached through the oxygen in the side-chain of 
serine/threonine in O-linked glycoproteins or through the 
carboxamide nitrogen of asparagine in case of N-linked 
glycoproteins. The rational preparation of the glycosylated 
peptides is still one of the most challenging tasks of 
peptide chemistry especially of those having 
oligosaccharide moieties.  
There are two main strategies for the synthesis of 
glycopeptides: the synthon and global (convergent) 
method. Based on our earlier results, the glycosylated 
aspartic acid and serine derivatives could be suitable 
building blocks for the solid-phase peptide synthesis. In 
some cases the preparation of Boc-protected glycosylated 
amino acid building blocks is more convenient than the 
Fmoc protected ones.  
We describe here the solid-phase synthesis strategy for 
the preparation of glycopeptides by using a new, mild and 
selective Boc deprotecting agent. For the incorporation of 
the Boc-protected glycosylated amino acid derivatives in 
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the model peptides as selective Boc deprotecting agent 
tin(IV) chloride was used. The glycopeptides were 
synthesised using Fmoc chemistry. Many resins commonly 
used in Fmoc chemistry were tried: Rink amide, 2-
chlorotrityl and Wang resin, but most of them showed 
removal of peptide during cleavage with tin(IV) chloride. 
The TFA cleavable Rink-amide MBHA resin proved to be 
sufficient for the synthesis of glycopeptides because of the 
acid sensitive O-glycosidic linkage and also the peptide-
resin linkage was left intact, permitting the incorporation of 
di and trisaccharide moieties. As model peptides we used 
a fragment of the Trp-cage mini protein (Leu-Lys-Asn*-Gly-
Gly-Pro) and an aggrecan fragment, from the most 
glycosylated region of the protein (Gly-Val-Glu-Asp-Ile-
Ser*-Gly-Leu-Pro-Ser-Gly), where * is site of glycosylation. 
As synthons Nα-Boc-protected [GlcNAc(β1-N)]Asn, 
[GlcNAc(β1-4)GlcNAc(β1-N)]Asn, [Man(β1-4)GlcNAc(β1-
4)GlcNAc(β1-N)]Asn and [Xil(Ac)3(β1-O)]Ser were used.  
 
P035. Abstract number: 264 
Efficient Microwave-Assisted Synthesis Of 
Mitochondrial Signal Peptide Using Cltr-Cl And Wang 
Resin 
ME Androutsou, G Agelis, J Matsoukas 
University of Patras, Patras, Greece 
Mitochondrial targeting peptide plays an important role in 
transporting all the necessary information of proteins into 
mitochondria. In this study we demonstrate the synthesis of 
18-mer signal peptide (H2N-Met-Leu-Ser-Leu-Arg-Gln-Ser-
Ile-Arg-Phe-Phe-Lys-Pro-Ala-Thr-Arg-Thr-Leu-COOH) 
using the CEM Liberty automated microwave peptide 
synthesizer. Microwave assisted peptide synthesis is an 
attractive alternative for traditional SPPS. This synthesis is 
10 to 20 times faster compared to traditional methods and 
produces cleaner peptides with higher yields. In this report 
we demonstrate an efficient microwave assisted synthesis 
using Fmoc/t-Bu strategy. The effect of two different resins, 
CLTR-Cl and Wang resin was compared. The first amino 
acid was loaded to the solid support and was transferred to 
Liberty. The two synthetic procedures were performed in 
the same conditions, on 0.25 mmol scale, using HOBt/DIC 
as coupling reagents. The total synthesis was completed in 
11 hours and the crude peptide was purified by Prep-
HPLC. The final product was identified by UPLC/MS and 
the purity was determined by RP-HPLC. The present 
comparison of the two synthetic protocols showed that the 
results were quite similar, while CLTR-Cl resin gave higher 
yield compared to Wang.  
1Palasek, S. A. et al. J. Pept. Sci., 13, 143-148, 2007  
2Bacsa, B. et al. J.Org.Chem., 73, 7532-7542, 2008  
3Pedersen, S. L. et al. J. Pept. Sci., 94, 206-212, 2010  
 
P036. Abstract number: 271 
A New Practical, Scalable, Enantioselective Synthesis 
Of Substituted Cyclohexyl Glycine Amino Acids. 
BO Oswald, M Wagner, T Nsenda 
Genzyme pharmaceuticals, Liestal, Switzerland 
The hydro (Boc or Z) enamine derivatives (I) were 
prepared from commercially available Boc/Z-
phosphonoglycine trimethylester and protected cetone 
using Schmidt’s protocol. An asymmetric hydrogenation of 
(I) in the presence of Rh-chiral biphosphine catalysts 
generated protected glycine derivatives (II) with excellent 
enantiomeric excesses. Starting from (II), a variety of side 
chains can be incorporated.  
We report here a scalable, high-yielding enantioselective 
synthesis of enantiopure substituted-cyclohexyl-glycine 
amino acids (III) which are considered as protected non-

natural amino-acids and can be used for extensive 
structure activity studies.  
 
P037. Abstract number: 282 
Electrochemical reduction of beta-aryldehydroamino 
acid derivatives 
S Monteiro, M.T. Ferreira, G Pereira, C Lopes 
University of Minho, Braga, Portugal 
In our research group we have been interested in the 
synthesis of dehydroamino acids and in their use as 
substrates in several types of reactions, namely addition 
and substitution reactions and palladium catalyzed cross-
couplings [1]. The latter allowed the synthesis of several 
beta-aryldehydroamino acids by reaction of aryl boronic 
esters with beta-bromo dehydroaminobutyric acid and 
dehydrophenylalanine derivatives or with a beta,beta-
dibromodehydroalanine derivative [2].  
Following our previous studies on the electrochemical 
behaviour of dehydroamino acid and beta-
halodehydroamino acid derivatives [1,3], we decided to 
investigate the electrochemical properties of beta-
aryldehydroamino acids. Cyclic voltammetry studies gave 
for all compounds an irreversible reduction peak at 
potentials ranging from -1.74 to -2.01 V vs SCE. When 
beta,beta-diaryldehydroamino acid derivatives were 
subject to controlled potential electrolysis at the potential of 
their cathodic peak, reduction of the double bond took 
place to give the respective beta,beta-diarylamino acid 
derivative. In general, the double bond is not reducible 
under electrochemical conditions except, when it is linked 
to strong electron withdrawing elements, or in case of 
conjugation which lowers the energy level of the lowest pi*-
orbital [4]. Thus, in the case of beta,beta-
diaryldehydroamino acids, the further conjugation created 
by the two aryl substituents allows reduction of the double 
bond to occur.  
In this communication the results obtained in 
electrochemical reduction of beta-aryldehydroamino acid 
derivatives will be presented, as well as those obtained by 
using chemical reduction methods, namely, reduction with 
mercury activated aluminum or magnesium in methanol.  
This work was funded by Foundation for Science and 
Technology (FCT) and FEDER through CQ-UM, National 
NMR Network (Bruker 400) and PhD grant of G.P. 
SFRH/BD/38766/2007.  
[1] P.M.T. Ferreira, L.S. Monteiro, Targets in Heterocyclic 
Systems: Chemistry and Properties, Volume 10, Ed. O.A. 
Attanasi, D. Spinelli, Italian Society of Chemistry, Rome, 
2007, 152-174 and references cited therein.  
[2] G. Pereira, E.M.S. Castanheira, P.M.T. Ferreira, M.-
J.R.P. Queiroz, Eur. J. Org. Chem. 2010, 464-475.  
[3] P.M.T Ferreira, L.S Monteiro, G. Pereira, Amino Acids, 
2010, DOI 10.1007/s00726-009-0466-x.  
[4] J. Grimshaw, Electrochemical reactions and 
mechanisms in organic chemistry, 2000, Ed. Elsevier 
Science B.V., Amsterdam, The Netherlands. 
 
P038. Abstract number: 295 
New Building Blocks for Solid-Phase Synthesis of 
Peptide Analogues: Nβ-Fmoc-Nβ-Methyl- aza-β3-amino 
acides 
DR BAUDY-FLOC'H1, K Kisselnova1, I Nicolas1, J Järv2, P 
Bauchat1
1UMR CNRS 6226, Rennes, France 
2Institute of Chemistry, University of Tartu, TARTU 50411, 
Estonia 
N-Methylation is a precious tool to modify lipophilicity, 
proteolytic stability, and bioavailability and to induce 
conformational rigidity to the peptide backbone. However, 



59

Posters 001-067: Synthetic Chemistry of Amino Acids and Peptides 

multiple N-methylation has been seldom employed, 
probably owing to the availability of N-methylated amino 
acids, as few N-methyl amino acids are commercially 
available, and their synthesis is tedious.  
Unnatural aza-β3-peptides are synthetic compounds 
designed to mimic peptides and increased their 
bioavailability. They can have chemically diverse side 
chains, but they need to have increased unproteolytically 
labile amide bonds, resistance to proteolysis. Yet, 
additional modifications are required to generate peptides 
with enhanced enzymatic stability and improved oral 
bioavailability.  
We have reported previously a method to prepare Nβ-
Fmoc-aza-β3-amino acids via reductive amination of 
glyoxylic acid and Fmoc-hydrazine.1 Taking account of this 
previous method we try to reproduce the same reactions 
starting from methyl hydrazine instead of hydrazine.  
We present the general method for the synthesis of Nβ-
Fmoc-Nβ-Methyl-aza-β3-aminoacid monomers. We 
described also the integration of these new monomers 
during the solid phase synthesis of peptide analogs of 
RRASVA, known as the ”minimal substrate”of the catalytic 
subunit of the cAMP-dependent protein kinase (PKA).  
1Busnel, O.; and Baudy-Floc’h, M. Tetrahedron Lett., 2007, 
48, 5767-5770.  
 
P039. Abstract number: 305 
Synthesis and biological studies of 4-
nitrophenylalanine modification of Cyclolinopeptide A 
K. K. Kierus1, K Ciupinska1, M Waskiewicz1, M 
Grabowska1, K Kaczmarek1, K Huben1, S Jankowski1, M 
Zimecki2, J Zabrocki1
1Technical University of Lodz, Lódz, Poland 
2Institute of Immunology and Experimental Therapy, Polish 
Academy of Sciences, WROCLAW, Poland 
Immune response suppressors are used in the medical 
praxis to prevent graft rejection after organ transplantation 
and in the therapy of some autoimmune diseases including 
dermatology. Cyclolinopeptide A (CLA) (1), a cyclic, 
hydrophobic nonapeptide isolated from linseed, possesses 
strong immunosuppressive and antimalarial activity[1]. It is 
suggested that both the Pro-Pro cis-amide bond[2] and an 
‘edge-to-face’ interaction between the aromatic rings of two 
adjacent Phe residues[3] in tetrapeptide unit are important 
for biological activity.  
CLA(1): c(Pro1-Pro2-Phe3-Phe4-Leu5-Ile6-Ile7-Leu8-Val9-
)  
This edge-to-face interaction can be influenced by 
substitutents in the aromatic rings of phenylalanine 
residues[4].  
In this communicate new analogues of CLA modified by 
three different substituted phenylalanines: 4-
nitrophenylalanine (p-NO2)Phe (2), 4-aminophenylalanine 
(p-NH2)Phe (3) and 4-acetamidophenylalanine (p-
AcNH)Phe (4) in positions 3 or 4 or both 3 and 4 (5-13) will 
be presented. CLA analogues 5-13 were prepared by 
cyclization of linear precursors by use of the 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide/1-hydroxy-
benzotriazole (EDC/HOBt) as a coupling reagent. Linear 
peptides were synthesized by the manual solid-phase 
peptide synthesis (Merrifield resin) strategy. The synthetic 
strategy and biological activity as well as conformational 
analysis will be evaluated.  
(5) c(Pro1-Pro2-(p-NO2)Phe3-Phe4-Leu5-Ile6-Ile7-
Leu8-Val9-)  
(6) c(Pro1-Pro2-Phe3-(p-NO2)Phe4-Leu5-Ile6-Ile7-
Leu8-Val9-)  
(7) c(Pro1-Pro2-(p-NO2)Phe3-(p-NO2)Phe4-Leu5-
Ile6-Ile7-Leu8-Val9-)  

(8) c(Pro1-Pro2-(p-NH2)Phe3-Phe4-Leu5-Ile6-Ile7-
Leu8-Val9-)  
(9) c(Pro1-Pro2-Phe3-(p-NH2)Phe4-Leu5-Ile6-Ile7-
Leu8-Val9-)  
(10) c(Pro1-Pro2-(p-NH2)Phe3-(p-NH2)Phe4-Leu5-
Ile6-Ile7-Leu8-Val9-)  
(11) c(Pro1-Pro2-(p-AcNH)Phe3-Phe4-Leu5-Ile6-Ile7-
Leu8-Val9-)  
(12) c(Pro1-Pro2-Phe3-(p-AcNH)Phe4-Leu5-Ile6-Ile7-
Leu8-Val9-)  
(13) c(Pro1-Pro2-(p-AcNH)Phe3-(p-AcNH)Phe4-Leu5-
Ile6-Ile7-Leu8-Val9-)  
This work was supported by Technical University of Lodz, 
grant DS-I18/12/2010.  
[1] Wieczorek Z., Bengtsson B., Trojnar J., Siemion I. Z., 
Peptide Res, 4, 275-283, 1991.  
[2] Kaczmarek K., Jankowski S., Siemion I. Z., Wieczorek 
Z., Benedetti E., Di Lello P., Isernia C., Saviano M., 
Zabrocki J., Biopolymers, 63, 343-357, 2002.  
[3] Picur B., Cebrat M., Zabrocki J., Siemion I. Z., J. Pept. 
Sci., 12, 569-574, 2006.  
[4] Fischer F. R., Schweizer W. B., Diederich F., Chem. 
Commun., 4031-4033, 2008.  
 
P040. Abstract number: 316 
Synthesis and Folding of Kv1.3 Ion-Channel Blocking 
Peptides 
GDI Dello Iacono, J Desharnais, T Leedom, A Bhat, D 
Tumelty, L Wood, N Levin, G Woodnutt 
Covx-Pfizer, San Diego, United States of America 
T cell-mediated autoimmune diseases, such as multiple 
sclerosis (MS), rheumatoid arthritis (RA), psoriasis and 
others, afflict millions of people worldwide. Disease 
modifying immunotherapies have improved the 
management of autoimmune diseases, but these therapies 
induce a variety of unwanted side effects. Consequently, 
there remains an enormous unmet medical need for novel 
immunomodulators with different mechanisms of action 
and/or adverse-effect profiles from existing drugs. 
Preclinical and clinical evidence suggests that antagonizing 
Kv1.3 channels is effective in alleviating MS and RA 
syndromes by specifically affecting disease causing TEM 
cells while leaving the remaining components of the 
immune system unaffected.  
An example of such antagonists is the naturally-occurring 
toxin peptides produced by a variety of organisms, such as 
snakes, scorpions, spiders, bees, snails and sea 
anemones. The venom that they produce can serve as a 
source of small bioactive toxin peptides that potently and 
selectively target ion-channels and receptors. In most 
cases, these toxin peptides have evolved as potent 
antagonists or inhibitors of ion-channels by binding to the 
channel pore and physically blocking the ion conduction 
pathway. Unfortunately due to their length and complexity 
(most have multiple disulfide bridges), they are often 
overlooked at the research stage.  
Here we describe the strategy, synthetic details and folding 
of a peptide found in the venom of the Asian scorpion 
Orthochirus scrobiculosus and reported to be a potent 
antagonist of the Kv1.3 ion-channel. We also briefly 
describe the conjugation of this peptide to an antibody to 
greatly enhance its pharmacokinetic properties. 
 
P041. Abstract number: 317 
O-Acyl isopeptide method: an efficient preparation of 
amyloidogenic peptide by use of racemization-free 
segment condensation 
A Higa, T Yoshiya, N Abe, F Fukao, T Kuruma, A 
Taniguchi, T Kimura, Y Sohma, Y Kiso 
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Kyoto Pharmaceutical University, Kyoto, Japan 
The synthesis of ”difficult sequence”-containing peptides 
such as amyloidogenic peptides is one of the problematic 
areas in peptide chemistry. These peptides are often 
obtained with low yields and purity, due to their 
hydrophobic and aggregative properties. We discovered 
that the presence of an O-acyl instead of N-acyl residue 
within the peptide backbone significantly changed the 
secondary structure of the native peptide. In addition, the 
target peptide was subsequently generated by an O-to-N 
intramolecular acyl migration reaction. These findings led 
to the development of a novel method, called ”O-acyl 
isopeptide method”, for the peptide synthesis [1, 2].  
Along the line, we have developed a novel convergent 
method of peptide synthesis, racemization-free segment 
condensation methodology based on the O-acyl isopeptide 
method [3, 4]. The idea was that an N-segment with a C-
terminal O-acyl isopeptide structure at Ser or Thr residue 
could be coupled to an amino group of C-segment without 
epimerization, since an amino group of the C-terminal 
isopeptide part is protected as a urethane-type protective 
group. We have successfully synthesized the O-acyl 
isopeptides of the bioactive peptides such as humanin, 
orexin-B and amyloidogenic peptides by use of the 
convergent method. Peptide segments containing C-
terminal O-acyl Ser/Thr residues were successfully 
synthesized using a lower nucleophilic base cocktail for 
Fmoc removal, and then coupled to an amino group of a 
peptide-resin without side reactions or epimerization. Final 
deprotected peptides were effectively purified by HPLC, 
because the introduced O-acyl structure remarkably 
changes the physicochemical properties of the native 
peptides. Finally, the synthesized isopeptides released 
their native peptides via the O-to-N acyl migration reaction. 
The O-acyl isopeptide method-based segment 
condensation methodology would contribute to the field of 
chemical synthesis of long peptides and proteins.  
[1] Sohma, Y.; Sasaki, M.; Hayashi, Y.; Kimura, T.; Kiso, Y. 
Chem. Commun. 2004, 124-125.  
[2] Sohma, Y.; Yoshiya, T.; Taniguchi, A.; Kimura, T.; 
Hayashi, Y.; Kiso, Y. Biopolymers (Pept. Sci.), 2007, 88, 
253-262.  
[3] Yoshiya, T.; Sohma, Y.; Kimura, T.; Hayashi, Y.; Kiso, 
Y. Tetrahedron Lett. 2006, 47, 7905-7909.  
[4] Yoshiya, T.; Kawashima, H.; Sohma, Y.; Kimura, T.; 
Kiso, Y. Org. Biomol. Chem. 2009, 7, 2894-2904. 
 
P042. Abstract number: 319 
The synthesis of (glyco)protein by the ligation 
methods 
H Hojo, H Katayama, A Ueki, Y Nakahara, Y Nakahara 
Tokai University, Hiratsuka, Japan 
The ligation methods, the native chemical ligation (NCL) 
method [1] and the thioester method [2], are routinely used 
for the synthesis of (glyco)proteins. However, through the 
synthesis of several (glyco)proteins, we realized that both 
methods still require improvements to overcome their 
intrinsic drawbacks.  
In the NCL method, the ligation site is limited to Xaa-Cys 
site. As the abundance of cysteine in natural proteins is 
quite low, this problem severely limits the selection of the 
ligation site. We recently developed an extended ligation 
reaction at the Xaa-Ser/Thr site, which is far more 
abundant in natural proteins than Xaa-Cys site. In this 
method, a mercaptomethyl group on the hydroxyl group of 
Ser and Thr was used as a thiol auxiliary group. The 
advantage of this method is that this group is a labile 
hemithioacetal and thus, an additional deprotection step for 
this auxiliary group is not required, as it is spontaneously 

hydrolyzed after the ligation. The efficiency of the method 
was demonstrated by the synthesis of glycopeptide, 
contulakin-G, and human calcitonin.  
The thioester method has the advantage that there is no 
restriction on the selection of the ligation site. In stead, the 
side chain amino and thiol groups have to be protected. To 
realize this, the Boc groups have to be reintroduced to the 
side chain amino groups, which were made free during the 
deprotection after SPPS. We examined the direct 
synthesis of the side chain-N-protected peptides by 
introducing azido-protected Fmoc-Lys during SPPS to 
overcome the inconvenience. In the second part, the 
synthesis of N-, and O-glycosylated POMC (1-74) will be 
described by the thioester method with above optimized 
protocol [3].  
[1] H. Hojo and S. Aimoto, Bull. Chem. Soc. Jpn., 64, 111 
(1991).  
[2] P. E. Dawson, T. W. Muir, I. Clark-Lewis, S. B. H. Kent, 
Science, 266, 776 (1994).  
[3] H. Katayama, H. Hojo, I. Shimizu, Y. Nakahara and Y. 
Nakahara, Org. Biomol. Chem., 8, 1966 - 1972 (2010). 
 
P043. Abstract number: 349 
Replacement of disulfide bonds with ditellurides: 
Synthesis and biological activity of ditelluro-oxytocin 
Z Dekan, ÅC Andersson, RJ Lewis, PF Alewood 
Institute for Molecular Bioscience, The University of 
Queensland, St Lucia, Australia 
The correct arrangement of disulfide bonds is an essential 
requirement for maintaining the structures and biological 
activities of many peptides and proteins. However disulfide 
bonds are susceptible to scrambling and reduction in vivo, 
and their regioselective synthesis can be challenging. 
While the use of selenocysteine to direct the folding as well 
as to improve the redox stability of peptides is now 
becoming routine, the substitution of cysteine with 
tellurocysteine remains largely unexplored. In addition to 
the potential as a novel structural isosteric disulfide bond 
mimic, the applications of tellurium incorporation into 
peptides may include radiolabels, NMR probes or heavy 
atom labels for structure determination by X-ray 
crystallography.  
In this study, the single disulfide bond containing peptide 
hormone oxytocin was used as a model to evaluate the 
feasibility of the synthetic incorporation of tellurocysteine 
into peptides. The linear precursor was assembled using 
Boc solid-phase chemistry, substituting cysteine residues 
with serines that were subsequently converted to β-
chloroalanines. Reaction of the resulting dichloropeptide 
with Na2Te2 produced ditelluro-oxytocin, which to our 
knowledge is the first chemically synthesised ditelluride 
analogue of a biologically active peptide. Activity at the 
oxytocin receptor of the ditelluride analogue was 
comparable to that of wild-type oxytocin. It is envisaged 
that using this method, it would be possible to insert 
ditelluride bonds into other sequences in combinations with 
disulfides and diselenides to assess their utility in 
controlling peptide folding. 
 
P044. Abstract number: 352 
Understanding the role of the unusual constrained 
eight-membered disulfide ring of spider toxins 
AD Dantas de Araujo1, V Herzig1, M Mobli1, MJ Windley2, 
GM Nicholson2, PF Alewood1, GF King1

1Institute for Molecular Bioscience, Brisbane, Australia 
2University of Technology, Sydney, Australia 
The κ-hexatoxin-Hv1c is a cysteine-rich peptide found in 
the venom of Australian funnel-web spider. It is the 
prototypic member of a unique family of excitatory peptide 
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toxins that contains a rare vicinal disulfide bridge. These 
toxins are lethal to a wide range of insects, but are 
harmless to many vertebrates, making them promising 
candidates for biopesticide development.  
Two adjacent cysteine residues found in the κ-hexatoxin 
Hv1c structure form an unusual vicinal disulfide bond that 
is constrained in an eight-membered ring formation. This 
motif occurs only very rarely in protein structures but it is 
functionally important to those few proteins that posses it. 
In many cases, the vicinal disulfide bridge is thought to act 
as a redox conformational switch, where changes in 
peptide backbone conformation are observed on going 
from the reduced to the oxidised (constrained) state. In 
other cases, the ring is believed to facilitate trans/cis 
isomerization, allowing the protein to adopt a different 
conformation upon ligand binding.  
For the case of the spider toxin κ-hexatoxin Hv1c, the role 
of the vicinal disulfide bridge is unclear. Mutation of this 
motif to a vicinal serine pair resulted in no change in 
tertiary structure; however, the mutant peptide displayed 
no insecticidal activity. Thus, the ring is not architecturally 
important.  
In order to test the redox conformational switch hypothesis, 
we prepared a series of κ-hexatoxin Hv1c analogs in which 
the native vicinal disulfide S-S bond was mimicked by 
redox-stable linkages of Se-Se, C-C and C-S bonds. 
Considering that the mimetics assume the native fold, a 
critical loss of insecticidal activity for these analogs would 
suggest that redox changes are important for biological 
function. The maintenance of activity would rule this theory 
out.  
All peptides were successfully synthetised by solid-phase 
peptide synthesis, where the two vicinal cysteine residues 
were selectively replaced by selenocysteine residues or by 
a building block containing the C-C or the C-S eight-
membered ring mimetic. The structure of two toxin analogs 
was determined by NMR spectroscopy and compared to 
the native protein. The peptide backbone accommodates 
well the mimetic scaffold and no significant change in the 
overall 3D structure was observed.  
The insecticidal activity of the new mimetics is currently 
been tested in blowflies as well as their ability to block 
calcium activated potassium channels currents in 
cockroach neurons.  
 
P045. Abstract number: 353 
S-Acyl isopeptide method: preparation of thioester-
containing isopeptides by Fmoc-based SPPS with 
Aloc group 
T Yoshiya, Y Hasegawa, W Kawamura, H Kawashima, Y 
Sohma, T Kimura, Y Kiso 
Kyoto Pharmaceutical University, Kyoto, Japan 
We have discovered that replacing the native amide by an 
ester within the peptide backbone at Ser or Thr significantly 
changed the secondary structure of the native peptide, and 
the target peptide can be easily generated from the formed 
isopeptide via an O-to-N intramolecular acyl migration 
reaction. These findings led us to the development of an 
effective strategy, the O-acyl isopeptide method, for the 
preparation of peptides containing difficult sequences [1,2].  
Based on these results, we developed a novel S-acyl 
isopeptide method [3] as an extension of the isopeptide 
strategy with a successful synthesis of model pentapeptide 
Ac-Val-Val-Cys-Val-Val-NH2 (1). Using the Aloc protective 
group, the preparation of thioester-containing S-acyl 
isopeptide H-Cys(Ac-Val-Val)-Val-Val-NH2 (2) by Fmoc-
based SPPS was effectively achieved in 44% yield. 
Catalytic amount of Pd(PPh3)4 in the presence of 
scavengers such as PhSiH3 and dimedone selectively 

removed the Aloc group with neither decomposition of the 
thioester structure nor epimerization at the thioesterified 
residue. Finally, the isolated S-acyl isopeptide 2, 
possessing high water-solubility (8.5 mg mL-1), was 
quantitatively converted to the desired peptide 1 via the S-
to-N intramolecular acyl migration reaction in phosphate 
buffer (pH 7.4) at room temperature. These results 
indicated that the S-acyl isopeptide method would provide 
a useful tool in peptide chemistry [4].  
[1] Sohma, Y.; Sasaki, M.; Hayashi, Y.; Kimura, T.; Kiso, Y. 
Chem. Commun. 2004, 124-125.  
[2] Sohma, Y.; Yoshiya, T.; Taniguchi, A.; Kimura, T.; 
Hayashi, Y.; Kiso, Y. Biopolymers (Pept. Sci.) 2007, 88, 
253-262.  
[3] Yoshiya, T.; Ito, N.; Kimura T.; Kiso, Y. J. Pept. Sci. 
2008, 14, 1203-1208.  
[4] Yoshiya, T.; Hasegawa, Y.; Kawamura, W.; 
Kawashima, H.; Sohma, Y.; Kimura, T.; Kiso, Y. 
Biopolymers (Pept. Sci.) in press. 
 
P046. Abstract number: 364 
Computational Study on Helical Structure of a,a-
Disubstituted Oligopeptides Containing Chiral a-
Amino Acids 
M Kurihara1, Y Demizu1, Y Sato1, N Yamagata1, H Okuda1, 
M Nagano2, M Doi3, M Tanaka4, H Suemune2

1National Institute of Health Sciences, TOKYO, Japan 
2Graduate School of Pharmaceutical Sciences, Kyushu 
University, FUKUOKA, Japan 
3Osaka University of Pharmaceutical Sciences, OSAKA, 
Japan 
4Graduate School of Biomedical Sciences, Nagasaki 
University, NAGASAKI, Japan 
Prediction of the conformation of oligopeptides using 
computational simulation presents an interesting challenge 
to design functionalized and bioactive peptides. We have 
shown that the MCMM conformational search method 
using MacroModel is useful to predict helical structures (α-
helix, 310-helix) of oligopeptides prepared from α,α-
disubstituted α-amino acids. Moreover, we have studied 
conformational analysis of oligopeptides containing chiral 
α,α-disubstituted α-amino acids to predict the helical screw 
sense of helical structures. We calculated α,α-disubstituted 
peptide using MCMM conformational search with various 
force fields (AMBER*, MMFF, OPLS, etc). In the case of 
using AMBER* force field the results were in agreement 
with those of x-ray and were most stable conformation 
evaluated by 3-21G level molecular orbital calculation. 
These results indicated that computational simulation using 
conformational search calculations with AMBER* force field 
is most useful for conformational analysis of oligopeptides 
containing α,α-disubstituted α-amino acids.  
Ref. Y. Demizu, N. Yamagata, Y. Sato, M. Doi, M. Tanaka, 
H. Okuda, M. Kurihara, J. Pept. Sci. 2010, 16, 153”'158; M. 
Oba, Y. Demizu, N. Yamagata, Y. Sato, M. Doi, M. 
Tanaka, H. Suemune, H. Okuda, M. Kurihara, Tetrahedron 
2010, 66, 2293”'2296 
 
P047. Abstract number: 365 
En route to bicyclic biaryl peptides 
S Royo, E Giralt 
Institute for Research in Biomedicine, Barcelona, Spain 
A rich variety of cyclic peptides containing an aryl-aryl bond 
can be found in Nature [1]. This heterogeneous group of 
natural products includes compounds showing proteasome 
inhibition, antimicrobial or cytotoxic activity. The presence 
of the biaryl bridge confers all of them conformational 
rigidity. Additionally, aromatic-aromatic or π-cation 
interactions can be established between the biaryl system 
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and the residues present on protein surfaces. This last 
structural feature has so far not been exploited in the 
design of peptide ligands for protein surface recognition. 
With this in mind, the scope of our project is to prepare 
cyclic peptide ligands which are further constrained by 
means of a biaryl bond. We envision this type of biaryl-
containing bicyclic peptides as constrained scaffolds, which 
can be customized according to the corresponding target.  
For the synthesis of the biaryl bridge we have chosen the 
Suzuki-Miyaura reaction, which in recent years has been 
applied also to peptide modification [2,3]. Our initial work 
has been devoted to setting-up reaction conditions for the 
individual steps leading to the bicyclic systems. The 
different synthetic approaches which are being explored 
regarding cyclization and cross-coupling procedures, as 
well as reaction order and protection schemes, will be 
discussed.  
[1] Feliu, L., Planas, M. Int. J. Pept. Res. Ther. 2005, 11, 
53-97.  
[2] Afonso, A., Rosés, C., Planas, M., Feliu, L. Eur. J. Org. 
Chem. 2010, 1461-1468.  
[3] Doan, N-D., Bourgault, S., Létourneau, M., Fournier, A. 
J. Comb. Chem. 2008, 10, 44-51.  
 
P048. Abstract number: 384 
Synthesis of C-11 linked active ester derivatives of 
vitamin D3 and their conjugations to 42-residue helix-
loop-helix peptides 
T Norberg, Q Zhang, J Bergquist, L Baltzer 
Uppsala university, UPPSALA, Sweden 
The chemical synthesis of two analogs of Vitamin D3 
carrying a linker arm protruding from C-11, and their 
activation and conjugations to the lysyl side-chain amino 
group of a 42-helix-loop-helix peptide is described. The 
Vitamin D3 analogs were designed based on the known 
structure of Vitamin D-binding protein (VDBP) - ligand 
(Vitamin D3) complex where C-11 is outside of the binding 
pocket, and attachment of a C-11 linker arm to vitamin D 
should therefore not interfere with VDBP binding. The 
synthesis of the C-11 modified derivatives started with 
natural Vitamin D3 which was cleaved in two fragments. 
After further modification (including attachment of a linker 
arm at C-11 of the ”upper”fragment), the two fragments 
were joined together again by a Wittig-Horner reaction. The 
resulting molecules were activated and coupled to lysyl 
side-chain amino groups of 42-residue peptides. The 
obtained Vitamin D3 -polypeptide conjugates are intended 
for use in measurement of VDBP levels in plasma and 
cerebrospinal fluid. Changes in VDBP levels has been 
correlated to diseases such as Alzheimers and Parkinsons 
diseases. 
 
P049. Abstract number: 388 
Synthesis and Biophysical Characterization of a 
Backbone-Cyclized Minimized Z Domain 
PJ Järver1, C Mikaelsson1, L Abrahmsén2, A Eriksson 
Karlström1

1Royal Institute of Technology (KTH), School of 
Biotechnology, Division of Molecu, Stockholm, Sweden 
2Affibody AB, Stockholm, Sweden 
Antibodies are to date the most widely studied and 
employed class of affinity molecules. However, other 
protein-based affinity scaffolds have several properties that 
make them attractive as alternatives, both for technical 
applications and for therapeutic use. Their small size, 
robustness, and the amenability to production by means of 
solid phase peptide synthesis are features that are 
appealing for many purposes.  

We have produced a backbone-cyclized affinity protein 
based on the S. aureus-derived IgG-binding Z domain, 
which is a three-helix bundle of 58 aa. In the Z domain, 
only helices 1 and 2 are directly involved in the 
immunoglobulin binding. By leaving out the third stabilizing 
helix from the protein and generating a native peptide bond 
between the N- and C-termini, we have assembled a new, 
minimized Z scaffold denoted Zmin.  
The amino acid residues in helices 1 and 2 that in the 
three-helix bundle protein are situated in the stabilizing 
hydrophobic core, have been substituted to more 
hydrophilic amino acids according to an earlier published 
study on a minimized Z domain protein [1]. The N- and C-
termini of the protein were linked by native chemical 
ligation, producing a circular, backbone-cyclized, two-helix 
protein with a unique cysteine residue at the ligation site, 
which could be used for directed immobilization or site-
specific labeling.  
Biophysical characterization shows that Zmin has retained 
high affinity to human polyclonal IgG. The smaller size (35 
aa) facilitates solid phase synthesis and might provide 
advantages over the native scaffold for specific 
applications such as tumor imaging and targeting (as a 
result of better tissue penetration and faster clearance). 
Furthermore, the lack of N- and C- termini is expected to 
make the scaffold more robust and insensitive to 
exoprotease degradation. By immobilizing Zmin onto solid 
support the protein can be used for affinity purification of 
IgG, thus showing a potential technical application for the 
new scaffold. The cyclized two-helix structure of Zmin has 
comparable binding affinity to the three-helix Z domain, but 
with the aforementioned advantages that the smaller size 
and lack of termini provides.  
1. Starovasnik, M. A., Braisted, A. C. & Wells, J. A. (1997) 
”Structural mimicry of a native protein by a minimized 
binding domain”, Proc. Natl. Acad. Sci. USA, 94, 10080-
10085. 
 
P050. Abstract number: 390, withdrawn 
 
P051. Abstract number: 397 
Structural studies of host-quest complexation between 
with 9-aminoacridine and amino acids 
AS Sikorski, D Trzybinski, J Blazejowski 
University of Gdansk, Faculty of Chemistry, Gdansk, 
Poland 
9-Aminocridine and its derivatives present a very 
interesting object of research. This group of compounds 
exhibits a wide spectrum of biological activities as well as 
antibacterial, antiamoebic, antitumor, antiprion, anti-
implantation, anti-inflammatory, hypertensive and 
mutagenic. The potency of acridines as agents is due to 
their ability to bind DNA through intercalation. 9-
Aminocridine is also used as a ∆pH-probe in a variety of 
biological systems. X-ray crystallographic investigations 
have been carried out on the salts of 9-aminoacridine 
derivatives with different kind of ”guests”to understand their 
specific properties. In this communication we report the 
synthesis and X-ray characterization of a series of salts 
with the 9-aminoacridine as ”host”and the some amino 
acids as ”guests”. 
 
P052. Abstract number: 416 
Racemization-free synthesis of cyclic peptides by use 
of the O-acyl isopeptide method 
H Kawashima, T Yoshiya, Y Hasegawa, K Okamoto, T 
Kimura, Y Sohma, Y Kiso 
Kyoto Pharmaceutical University, Kyoto, Japan 
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Cyclic peptides generally possess higher biological activity 
and metabolic stability than their corresponding linear 
peptides due to conformational constraints. Despite the 
promises of the cyclic peptides in drug development, a 
head-to-tail cyclization reaction of the corresponding linear 
peptide is often accompanied by incomplete coupling 
and/or epimerization.[1] The epimerization occurs because 
peptides, in contrast to urethane-protected amino acids, 
easily form chirally labile oxazolones upon C-terminal 
carboxyl activation.  
We previously reported a novel convergent method of 
peptide synthesis: racemization-free segment 
condensation methodology based on the O-acyl isopeptide 
method.[2-5] The idea was that an N-segment with a C-
terminal O-acyl isopeptide structure at a Ser or Thr residue 
could be coupled to an amino group of the C-segment 
without epimerization, because the amino group of the C-
terminal isopeptide is protected by a urethane-type 
protective group. Thus, formation of the racemization-
inducible oxazolone was suppressed on the carboxyl group 
activation. Finally, the target peptide was generated from 
the O-acyl isopeptide via an O-to-N intramolecular acyl 
migration reaction.  
We herein demonstrate that the cyclic peptide can also be 
synthesized in a racemization-free fashion by use of the O-
acyl isopeptide method. A head-to-tail cyclization of the 
protected linear peptide with the C-terminal O-acyl 
isopeptide proceeded by HATU-based coupling to give the 
cyclic O-acyl isopeptide without epimerization. 
Interestingly, the cyclic O-acyl isopeptide possessed 
different secondary structure compared to the native cyclic 
peptide, suggesting that a well-known secondary structure 
disrupting effect by the introduced O-acyl isopeptide, 
observed in many linear peptides, was exerted in the cyclic 
peptides. Finally, the isopeptide was efficiently converted 
to the desired cyclic peptide via the O-to-N acyl migration 
with a silica gel-anchored base.  
[1] Davies, J. S. J. Peptide Sci. 2003, 9, 471-501.  
[2] Sohma, Y.; Sasaki, M.; Hayashi, Y.; Kimura, T.; Kiso, Y. 
Chem. Commun. 2004, 124-125.  
[3] Sohma, Y.; Yoshiya, T.; Taniguchi, A.; Kimura, T.; 
Hayashi, Y.; Kiso, Y. Biopolymers (Pept. Sci.) 2007, 88, 
253-262.  
[4] Yoshiya, T.; Sohma, Y.; Kimura, T.; Hayashi, Y.; Kiso, 
Y. Tetrahedron Lett. 2006, 47, 7905-7909.  
[5] Yoshiya, T.; Kawashima, H.; Sohma, Y.; Kimura, T.; 
Kiso, Y. Org. Biomol. Chem. 2009, 7, 2894-2904. 
 
P053. Abstract number: 418 
New Synthetic Strategy for N-Alkylation Reaction: 
Validation of the Method by Synthesis of N-Alkylated 
Fmoc-Amino Acids. 
L. M. Monfregola, S De Luca 
National Research Council (CNR), Naples, Italy 
Therapeutically relevant peptides themselves are seldom 
used in the clinic because of their poor biostability, 
unfavorable absorption properties, as well as poor receptor 
subtype selectivity. Nevertheless, they can be used as a 
template in order to synthesize modified peptides, called 
peptidomimetics, which are endowed with increased 
pharmacological activities. One possible strategy to favor 
the formation of bioactive conformations is modifying the 
side chain of amino acids.1 In fact, the field of amino acids 
modifications has gained a big relevance in recent years, 
particularly with the emergence of new building blocks that 
allow introducing chemical and functional diversity into 
molecules with therapeutic potential.  
Herein we describe a facile and general procedure for N-
alkylated Fmoc-amino acids, as building blocks for peptide 

synthesis. The reported synthetic strategy is 
straightforward and affords desired products in very high 
yield. One of the building blocks obtained was proven to be 
efficiently introduced into peptide sequence, thus allowing 
the preparation of site-specific alkylated peptide molecules.  
[1] Hanessian S.; McNaughton-Smith G.; Lombart H. J.; 
Lubell W. D.; Tetrahedron 1997, 53, 12789-12854 
 
P054. Abstract number: 428 
Synthesis and activity studies of cyclic analogues of 
KLK3-stimulating peptide B-2 
M.P. Pakkala1, J Weisell1, C Hekim2, J Vepsäläinen1, E 
Wallen3, UH Stenman2, H Koistinen2, A Närvänen1

1University of Eastern Finland, KUOPIO, Finland 
2University of Helsinki and Helsinki University Central 
Hospital, HELSINKI, Finland 
3University of Helsinki, HELSINKI, Finland 
Human prostate produces kallikrein-related peptidase 3 
(KLK3, also known as prostate specific antigen), which is 
widely used as a prostate cancer marker. Moreover, 
proteolytically active KLK3 has been shown to inhibit 
angiogenesis and its expression decreases in poorly 
differentiated tumors. Thus, with agents that stimulate the 
proteolytic activity of KLK3, it may be possible to control 
prostate cancer growth. We have earlier developed 
synthetic peptides, which bind specifically to KLK3 and 
promote its proteolytic activity (Wu et al. 2000). These 
peptides are cyclic containing a disulfide bridge between 
the N- and C-terminal cysteines. We have previously 
showed that head-to-tail cyclization of KLK2 inhibiting 
peptide increased the proteolytic stability of the peptide in 
vitro (Pakkala et al. 2007). To increase the in vivo stability 
of the KLK3-stimulating peptide B-2, we designed and 
synthesized a set of differently cyclized analogues of 
peptide B-2 (Pakkala et al. 2010). We replaced both 
terminal cysteines and the disulfide bridge between them 
using variable cyclization strategies. Stimulation of activity 
of KLK3 were studied with cyclic analogues and results 
were compared to original B-2 peptide. One of peptides 
where disulphide bridge was replaced with mimetic 
consisting of gamma-amino butyric acid and aspartic acid, 
was found to be more active than the original B-2 peptide 
at high concentrations. Furthermore, we studied in vitro 
stability of the most potent peptide analogue in human 
plasma and recombinant KLK3. The most potent of the 
analogues was found to be more stable than original B-2 
peptide in both studies.  
Wu P., Leinonen J., Koivunen E., Lankinen H., Stenman 
U.-H. Eur. J. Biochem. 2000, 267, 6212-6220.  
Pakkala, M., Hekim, C., Soininen, P., Leinonen, J., 
Koistinen, H., Weisell, J., Stenman, U. H., Vepsäläinen, J., 
and Närvänen, A. J. Pept. Sci. 2007. 13, 348-353. 
 Pakkala M., Weisell J., Hekim J., Vepsäläinen J., Wallen 
E.A.A., Stenman U.-H., Koistinen H., Närvänen A., Amino 
acids, 2010, in press 
 
P055. Abstract number: 439 
Traceless chiral triazine based coupling reagent. A 
new concept for synthesis of optically peptides 
products from racemic carboxylic acids 
KKF Frankowska-Kasperowicz, B Kolesinska, ZJ Kaminski 
Institute of Organic Chemistry, Technical University of 
Lodz, Lodz, Poland 
The rapid development of the methods of combinatorial 
chemistry in the systematic exploration of molecular 
diversity and in the search for improved activities and 
properties of a broad range of synthetic materials have 
resulted in a vigorously growing demand for numerous new 
chiral substrates with diversified structural features. In most 
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cases, enantiomerically active substrates are needed only 
in tiny amounts. Therefore, an approach based on the 
enantiodifferentiating transformation of usually easily 
available racemic substrates would be valued as more 
advantageous than the classic procedure involving 
racemate resolution or asymmetric synthesis. Such an 
approach would be considered the most convenient in the 
case of coupling chiral building blocks like amino acids 
used for the construction of more complex molecules. In 
order to facilitate these studies in case of syntheses 
involving condensation of chiral carboxylic acid we 
developed the concept of a traceless chiral coupling 
reagent useful for enantioselective synthesis of optically 
active peptides from racemic carboxylic acids (amino 
acids). According to the concept, coupling reagents 
consists of two fragments with chiral auxiliary responsible 
for enantioselectivity excluded just during activation of 
carboxylic group. Thus, each achiral TBCR could be 
(potentially) an ancestor of the whole family of traceless 
chiral coupling reagents.  
Chiral N-(4,6-disubstituted-1,3,5-triazin-2-yl)ammonium 
 tetrafluoroborates 3 were prepared in high yield by the 
treatment of chiral ammonium tetrafluoroborate (1) with 2-
chloro-4,6-disubstituted-1,3,5-triazine (2) in the presence of 
sodium bicarbonate [1]. 3 were found stable at room 
temperature and as a solution in broad range of solvents 
yielding acylated products (amides, esters and peptides) 
with fully predictable configuration and ee (dr) ranging from 
95/5 to 60/40 under reaction conditions and yield identical 
as optimized for its achiral ancestor [2].  
This work was supported by Ministry of Science and 
Higher Education, Grant 6/PMPP/U/30-09.08/E-370/2009  
[1] (a) Kolesinska, B.; Kaminski Z.J., Polish Pat. Appl. P-
38476 from 04.02. 2008, (b) Kami'ski, Z.J.; Kolesi'ska, 
B.Patent EPO 09001796,3-1211, priority PL/04.02.08/ PLA 
384377608. from 29.04.2009.  
[2] (a) B. Kolesi'ska, Z.J. Kami'ski, Org. Lett., 11 (3), 765-
768 (2009). (b) B. Kolesi'ska, K. Kasperowicz, M. 
Sochacki, A. Mazur, S. Jankowski, Z.J. Kami'ski. 
Tetrahedron Lett. 51, 20-22 (2010). 
 
P056. Abstract number: 467 
A critical comparison of sequence independent solid 
phase methods for the site-specific synthesis of 
multiple sulfated peptides. 
J.A.W. Kruijtzer, A Bunschoten, R Liskamp 
Medicinal Chemistry and Chemical Biology, Utrecht 
University, UTRECHT, The Netherlands 
Although much less known than protein phosphorylation, 
the significance of protein sulfation is rapidly gaining 
momentum. Based upon the analysis of tyrosine sulfation 
in Drosophila Melanogaster, it is estimated that as much as 
1% of all tyrosine residues occurring in proteins can be 
sulfated. Together with phosphorylation, it is the most 
frequently occurring post-translational modification of 
tyrosine.  
To study the role and the importance of sulfation, the 
availability of reliable and convenient methods for the 
preparation of crucial sulfated peptides is required. Until 
recently no reliable general sequence independent method 
was available for the site-specific incorporation of several 
sulfated tyrosine residues. Clearly, the limited number of 
methods reflected the relative instability of sulfated tyrosine 
residues as compared to phosphorylated tyrosine residues 
in peptides and proteins.  
Recent methods for the synthesis of sulfated peptides 
include the approach of Ali and Taylor [1] using sulfated 
tyrosine building block protected with a dichlorovinyl group 
in conventional Fmoc/tBu SPPS. In addition, Simpson et al. 

[2] described the use of a neopentyl protected sulfated 
tyrosine building block. We have described [3] a general 
sequence independent solid phase method by which a 
peptide is synthesized by Fmoc/tBu SPPS, followed by 
selective deprotection of the tyrosine residues to be 
sulfated and introduction of a 2,2,2-trichloroethyl protected 
sulfate moiety. Upon completion of the synthesis of the 
sulfated peptide, it is cleaved from the resin by acidolysis 
and protective groups are removed with the exception of 
the sulfate protective group thereby preventing undesired 
acid induced removal of the sulfate group(s) during this 
step. Finally, after purification by HPLC (TFA-buffers) the 
sulfate protective groups were removed in a slightly acidic 
(pH 6.4) reductive step, leaving the sulfate groups 
untouched. In this communication we will present a critical 
comparison of these methods and discuss new 
developments for the synthesis of multiple sulfated 
peptides.  
[1] Ali, A.M.; Taylor, S.D. J. Pept. Sci. 2010, 16, 190-199.  
[2] Simpson, L.S.; Zhu, J.Z.; Widlanski, T.S.; Stone, M.J. 
Chem. Biol., 2009, 16, 153-161.  
[3] Bunschoten, A.; Kruijtzer, J.A.W.; Ippel, J.H.; de Haas, 
C.J.C.; van Strijp, J.A.G.; Kemmink, J.; Liskamp, R.M.J. 
Chem. Commun., 2009, 2999-3001. 
 
P057. Abstract number: 470 
Microwave-assisted reaction of building blocks for 
glycopeptides synthesis 
FN Nuti1, F Real-Fernandez1, MA Bonache1, M Boccalini2, 
S Chimichi2, M Chelli1, AM Papini1
1Laboratory of Peptide & Protein Chemistry & Biology, 
University of Florence, SESTO FIORENTINO (FI), Italy 
2Dept Chemistry „Ugo Schiff„, University of Florence, 
SESTO FIORENTINO (FI), Italy 
Solid Phase GlycoPeptide Synthesis (SPGPS) is an 
efficient method to obtain glycosylated peptides bearing 
different sugar moieties on the side chains of Asn, but it 
requires an excess of building block units to achieve high 
yields.1 As a consequence, it is important to set up 
convenient reactions, in terms of yield and time-
consuming, leading to glycosyl asparagine residues 
orthogonally protected for SPPS by Fmoc/tBu strategy. 
Therefore, we focused our attention on optimization of the 
key synthetic steps by large-scale microwave-assisted 
synthesis of N-β-linked glycans linked to side chains of Asn 
and Gln, via glycosylamines.2 In fact, microwave 
technology is widely and advantageously used in different 
fields of organic synthesis, because reactions are usually 
clean, efficient and require short times.  
Herein we report the effects of microwave irradiation on the 
coupling reaction of β-D-glucopyranosylamine with the 
carboxylic side-chain of aspartic acid.3 The synthesis of N-
protected glycosylamino acids from amines has been 
investigated and it was found that, under strong microwave 
conditions, glycosylamines could be hydrolyzed leading to 
new derivatives containing a glycosyl ester linkage. The 
efficiency of the microwave-induced glycosylation of 
aspartic acid was studied comparing the microwave-activity 
between amide and ester bond formation. Different sugar 
moieties have been employed to demonstrate the simple 
and reproducible coupling methodology.3  
1 Nuti, F.; Peroni, E.; et al. Biopolymers: Peptide Sciences. 
Accepted.  
2 Paolini, I.; Nuti, F.; Pozo-Carrero, M.C., et al. 
Tetrahedron Letters 2007, 48, 2901-2904.  
3  Real-Fernández, F.; Nuti, F.; Bonache, M. A; Papini, A. 
M., et al. Amino Acids Published On line February 3, 2010. 
DOI: 10.1007/s00726-010-0484-8. 
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P058. Abstract number: 475 
Sulphonates Of N-Triazinylphosphonium Salts As 
Coupling Reagents For Peptide Synthesis In Solution 
BK Kolesinska, O Cieslak, I Relich, ZJ Kaminski 
Institute of Organic Chemistry, Technical University of 
Lodz, LODZ, Poland 
N-triazinylammonium tetrafluoroborates [1] and 
sulphonates [2] were found highly efficient coupling 
reagents useful in the peptide synthesis in solution and 
solid phase (SPPS). Herein, we attempt to expand the 
family of triazine based coupling reagents by including a 
new generation of coupling reagents based on N-
triazinylphosphonium salts 5. Sulphonates of N-
triazinylphosphonium salts 5 were obtained by treatment 2-
chloro-4,6-dimethoxy-1,3,5-triazine 1 with sulphonates of 
tertiary phosphine 4 in the presence of sodium 
bicarbonate.  
Broad range of sulphonates of N-triazinylphosphonium 
salts were found useful for activation of carboxylic 
components, with the activation rate depended mostly on 
the structure of tertiary phosphine constituent 2a-b. The 
participation of triazine ”superactive ester”as intermediate 
in the condensation has been proved in the model 
experiments. Utility of reagents 5 was confirmed by peptide 
synthesis in solution. All of them were found efficient as 
condensing reagents and gave Z-, Fmoc- and Boc- 
protected peptides in 70-93% yield.  
This work was supported by Ministry of Science and 
Higher Education, under the Research Project: N N204 
228734.  
[1] Kami'ski, Z. J.; Kolesi'ska, B.; Kolesi'ska, J.; Sabatino, 
G.; Chelli, M.; Rovero, P.; Błaszczyk, M.; Główka, M. L.; 
Papini, A. M., J. Am. Chem. Soc., 127(48); 16912-16920 
(2005).  
[2] Kami'ski, Z. J.; Kolesi'ska, B.; Kolesi'ska, J.; Jastrząbek, 
K. Eur. Pat. Appl. EP1586566 A1 from 19.10.2005, CA 
143: 387385 (2006). 
 
P059. Abstract number: 477 
Strategies for macrocyclic cyclotide synthesis 
S S Gunasekera, S Park, T Leta Aboye, U Göransson 
Div of Pharmacognosy, Dept of Medicinal Chemistry, 
Uppsala University, UPPSALA, Sweden 
Cyclotides are a recently discovered class of proteins that 
have a characteristic head-to-tail cyclized backbone 
stabilized by a knotted arrangement of three disulfide 
bonds (1, 2). Cyclotides display a number of bioactivities 
including, uterotonic, anti-bacterial, anti-HIV and anti-
tumour activities, but their natural physiological role is 
thought to be in plant defence (3). They are resistant to 
chemical, thermal and enzymatic treatments and as such 
their high stability has motivated their development as 
scaffolds to stabilize peptidic drugs (4, 5). Currently, 
cyclotides are mainly extracted from plants of Rubiaceae 
and Violaceae families (1, 6). To facilitate their structure-
activity studies and to exploit their development into 
pharmaceutical and agricultural agents, a convenient route 
for the synthesis of cyclotides is essential. Until now a 
thioester mediated solid phase synthesis strategy based on 
Boc chemistry has been the most robust approach for 
cyclotide synthesis (7). However, the acid based 
deprotection step during amino acid coupling and the 
potentially harmful strong acid based step in the cleavage 
of the peptide from the resin at the end of synthesis have 
raised questions regarding the safety of this protocol in 
routine cyclotide synthesis. A solid phase peptide synthesis 
protocol based on Fmoc chemistry, assisted by the solvent 
dimethyl formamide and microwave irradiation was 
recently optimized by us for the production of cyclotides. 

This is an advancement in cyclotide synthesis as currently 
this remains the most safe, cost-effective and time-efficient 
strategy to synthesize cyclotides by chemical intervention. 
In this research paper all existing chemical, recombinant 
and biosynthetic routes to the synthesis of cyclotides will 
be discussed.  
1. Craik, D. J., Daly, N. L., Bond, T., and Waine, C. 
(1999) J. Mol. Biol. 294(5), 1327-1336  
2. Craik, D. J. (2006) Science 311(5767), 1563-1564  
3. Craik, D. J., Daly, N. L., Mulvenna, J., Plan, M. R., 
and Trabi, M. (2004) Curr. Protein Pept. Sci. 5(5), 297-315  
4. Colgrave, M. L., and Craik, D. J. (2004) 
Biochemistry 43(20), 5965-5975  
5. Craik, D. J., Clark, R. J., and Daly, N. L. (2007) 
Expert Opin Investig Drugs 16(5), 595-604  
6. Göransson, U., Luijendijk, T., Johansson, S., 
Bohlin, L., and Claeson, P. (1999) J. Nat. Prod. 62(2), 283-
286  
7. Daly, N. L., Love, S., Alewood, P. F., and Craik, 
D. J. (1999) Biochemistry 38(32), 10606-10614.  
 
P060. Abstract number: 511 
Triazine condensing agents for synthesis of peptide 
bond in aqueous media 
ZJK Kaminski, K Zajac, I Kaminski, J Fraczyk 
Institute of Organic Chemistry, Technical University of 
Lodz, LODZ, Poland 
Successful synthesis of the peptides bond in aqueous 
media still remains the challenge although several attempts 
made to resolve the problems. To perform peptide 
synthesis in water, the coupling reagent must be water-
soluble, maintain solubility and reactivity of intermediate 
products, preserve enantiomeric homogeneity of products 
in strongly polar environment and form conveniently 
removable waste (if any) in order to facilitate isolation the 
main product. The pursuit for aqueous-compatible coupling 
reagent is promoted both by environmental problem of the 
safe disposal of large amounts of organic solvents required 
for SPPS, as well as by demand for efficient method useful 
for modification of complex, incompatible for organic 
solvents, substrates such as proteins and carbohydrates.  
Taking advantage of modular structure of triazine coupling 
reagents we tested the efficiency of the entire family of N-
(4,6-(disubstituted-1,3,5-triazinyl-1)ammonium salts in 
aqueous media. It has been found that under 
advantageous conditions, yield of isolated peptides was 
increased to 90-95% after optimization of coupling 
procedure and structure of reagents. The procedure has 
been found suitable for synthesis of small peptide and 
modification of lysozyme by attachment of chromogenic 
marker.  
This work was supported by Ministry of Science and 
Higher Education, Grant 9/PMPP/U/29-09.08/E-370/2009. 
 
P061. Abstract number: 512 
The Synthesis Of The Pb1 Protein Fragment Of Rna-
Polymerase Of Influenza A Virus  
O.V.M Matusevich 
St-Petersburg State University, Chemistry department, 
SAINT-PETERSBURG, Russia 
RNA-polymerase of influenza A virus consists of three 
subunits namely PB1, PB2 and PA. The tertiary structure 
of this trimer was determined what allowed to localize 
domains of intermolecular interaction [1]. The fragment 1-
25 of subunit PB1 was demonstrated to effectively connect 
the subunit PA. Said fragment competes with PB1 and 
thereby prevents the organization of active RNA-
polymerase complex [2].  
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 The objective of the present work was to synthesize the 
fragment 1-25 in order to check literature data ant to use it 
in our further investigations. The amino acid sequence of 
the fragment 1-25 is represented below:  
 1 2 3 4 5 6 7 8 9 10 11 12 13 14  
H-Met-Asp-Val-Asn-Pro-||-Thr-Leu-Leu-Phe-Leu-Lys-Val-
Pro-||-Ala-  
 15 16 17 18 19 20 21 22 23 24 25  
 Gln-Asn-Ala-Ile-Ser-Thr-Thr-Phe-Pro-Tyr-Thr-OH  
The target compound was synthesized via solid-phase 
synthesis using the Fmoc-t-Bu strategy by sequential 
elongation of the peptide chain on the 2-Cl-Trt resin. DIC 
and HOBt were used as condensing agents and DMF was 
used as a solvent for reactions, 2-3 excess of each amino 
acid were used. Purifying of the compound obtained was 
performed with the aid of the preparative reversed-phase 
HPLC and the resulting purity was higher than 95%. The 
molecular ion in the mass-spectrum (MALDI) corresponded 
to the calculated value.  
The peptide 1-25 was also synthesized in a convergent 
manner to optimize the synthesis and to obtain fragments 
of the sequence under discussion for biological tests.  
The convergent manner of synthesis of the peptide 1-25 of 
subunit PB1 is preferred since it allows to simplify final 
product purification in the conditions of reversed-phase 
HPLC and to use fragments being obtained during the 
synthesis of the peptide 1-25 for biological tests.  
 
P062. Abstract number: 523 
Cationic Peptides that Increase the Thermal Stability of 
2'-O-MeRNA/RNA Duplexes, but that do not affect 
DNA/DNA hybridization 
M M Murtola, S Zaramella, E Yeheskiely, R Strömberg 
Karolinska Institutet, HUDDINGE, Sweden 
Several different cationic nonapeptides have been 
synthesized and investigated with respect to how these 
can influence the thermal melting of 2’-O-methylRNA/RNA 
and DNA/DNA duplexes. The peptides have a C-terminal 
L-phenylalanine and are otherwise uniformly composed of 
a sequence of a specific basic D-amino acid that in most 
cases will be largely charged at neutral pH. These N-
terminal 8-mer stretches are composed of either of the 
amino acids D-lysine, D-diaminobutyric acic (D-Dab), D-
diaminopropionic acid (D-Dap) or D-histidine. None of the 
peptides affected the thermal melting of the DNA/DNA 
duplexes substantially which was in strong contrast to the 
effect on the 2’-O-methylRNA/RNA duplexes. In particular, 
the diaminopropionic and diaminobutyric acid containing 
peptides had a strong positive effect on the melting points 
of the 2’-O-MeRNA duplexes (up to 16 °C higher with 1 
equivalent of peptide compared to RNA alone) at pH 7, 
and at pH 6 the effect was even more drastic (∆Tm up to + 
25 °C). The shorter R-groups of the Dap and Dab groups 
appear to be of more optimal length than lysine for 
enhancement of the thermal melting of the 2’-O-
MeRNA/RNA duplex, an effect that is more pronounced at 
lower pH but substantial even at pH 7, where the Dap 
derivative is not likely to be fully protonated. The dramatic 
difference between the influence, or lack thereof, on the 2’-
O-MeRNA/RNA and the DNA/DNA thermal meltings 
suggest that, although electrostatic interaction probably 
plays a role, there is another major and structurally related 
component influencing the properties of the duplexes. This 
is also seen in that the oligo- Dap and oligo- Dab peptides 
give a greater melting point enhancement than both the 
lysine peptide (with a longer side chain) and a β-linked Dap 
peptide with a shorter side chain and longer backbone. 
 
P063. Abstract number: 546 

Is oxidation the trigger of the Amyloid Cascade?: A 
synthesis of 2-oxo-histidine for incorporation into the 
Amyloid β sequence. 
H M Wright, PB Wyatt, JH Viles 
SBCS, Queen Mary University of London, LONDON, 
United Kingdom 
Amyloid beta (Aβ) peptide aggregations form the amyloid 
plaques found in the brains of Alzheimer’s sufferers. 
Currently the Amyloid Cascade Hypothesis is the best 
understood theory for the downstream events that occur 
once the neurotoxic, oligomeric form of Aβ is produced in 
this aggregation pathway. However, the trigger for the 
initial misfolding of Aβ is less well defined. One possible 
trigger is the oxidation of Aβ to the oxidised form occurring 
in amyloid plaques. In addition, the Aβ peptide co-ordinates 
metal ions, which have roles in metal catalysed oxidation 
(MCO). We hypothesise that this MCO is directed towards 
the histidines which co-ordinate the metal, producing 2-
oxo-histidine. This may be involved in the subsequent mis-
folding of Aβ, altering the rate of its fibrillisation.  
Histidine cannot be selectively oxidised in the Aβ 
sequence, so we devised a synthesis of 2-oxo-histidine for 
incorporation into the Aβ sequence via solid-phase 
synthesis. Initially synthesis was attempted from L-histidine 
using three methods: MCO with a Cu(II)/ascorbate system; 
Bamberger cleavage of the imidazole ring with subsequent 
ring closure; and dimethyldioxirane-mediated oxidation. 
Many derivatives of oxidised histidine were successfully 
produced, including 2-oxo-histidine in low yields using 
MCO. Furthermore, novel oxidised derivatives with addition 
of oxygen at C4(5) or to nitrogen in the imidazole ring were 
produced using dimethyldioxirane mediated oxidation.  
A more successful synthesis of 2-oxo-histidine was 
developed starting from urea and tartaric acid. These were 
condensed together to form the known imidazolin-2-one. 
Esterification and protection followed by reduction 
converted this into the imidazoline alcohol. This alcohol 
was oxidised to an imidazoline aldehyde which was 
coupled to a phosphonate with amino acid functionality in a 
Horner-Wadsworth-Emmons reaction to form the dehydro-
derivative of 2-oxo-histidine. Hydrogenation of this led to a 
protected form of racemic 2-oxo-histidine. Current work 
focuses on obtaining 2-oxo-histidine by asymmetric 
hydrogenation of the dehydro-derivative of 2-oxo-histidine. 
Once we have an enantiomerically pure form of 2-oxo-
histidine we will incorporate this into the Aβ sequence to 
study the fibrillisation rate of oxidised Aβ using a Thioflavin-
T biochemical assay. We hope that these fundamental 
studies may lead to better understanding of the etiology of 
Alzheimer’s pathology and thus aid rational drug design. 
 
P064. Abstract number: 549 
Total Chemical Synthesis of a Glycoprotein and 
Structural Analysis by Quasi-Racemate X-ray 
crystallography. 
R.O. Okamoto1, K Mandal1, M Sawaya2, T Yeates2, S 
Kent1
1The University of Chicago, CHICAGO, United States of 
America 
2University of California Los Angeles, LOS ANGELES, 
United States of America 
 We report the total chemical synthesis of the chemokine 
I309, a small glycoprotein having an N-linked 
oligosaccharide, for X-ray structural analysis by the 
racemic crystallization method. Glycosylation is one of the 
most frequent post-translational modification of proteins in 
a biological system and impacts several aspects of protein 
function such as immunogenicity, protein folding, or 
clearance of the protein from blood fluid. In spite of the 
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significance of three-dimensional structure of a protein for 
its biological function, there are well known difficulties in X-
ray diffraction structural analysis of glycoproteins, which 
can be hard to crystallize because of the heterogeneity of 
the oligosaccharide moiety. In order to access a single 
glycoprotein crystal, a homogeneous glycoprotein is 
needed, as well as powerful crystallization methods. 
Convergent chemical synthesis of I309 was performed by 
use of two peptide and one glycopeptide segments. 
Coupling these segments by native chemical ligation 
followed by conventional folding reaction afforded three 
distinct protein molecules: desired glycosyl-L-I309; non-
glycosyl L-I309; and, non-glycosyl D-I309 made from D-
amino acids. Crystallization of the homogeneous glycocyl-
L-protein was still difficult. However, in contrast, we could 
get a single crystal by means of quasi-racemic 
crystallization, from a mixture of glycosyl-L-I309 and non-
glycosy D-I309. Diffraction data has been acquired to 2.5 
Angstroms, and structural analysis is now ongoing. Quasi-
racemate crystallization may be a powerful method for the 
structural analysis of glycoproteins. 
 
 
P065. Abstract number: 559 
Organic chemistry on synthetic peptide surfaces 
P Perlmutter1, R Devi Gopalan1, M Del Borgo1, D Traore1, 
Y Bergman1, R Mulder2, C Forsyth1, S Unabia1, S Jalal1, M 
Ciampini1, D Clayton1, J Fletcher1, M Wilce1, J Wilce1, MI 
Aguilar1

1Monash University, MELBOURNE, Australia 
2CSIRO Molecular and Health Technologies, 
MELBOURNE, Australia 
The design and application of foldamers is expanding and 
maturing rapidly. In particular the ability of β-peptides (i.e. 
peptides consisting entirely of cyclic and/or acyclic β-amino 
acids) to form stable, helical structures in solution has led 
to applications in peptidomimetics as well as new 
materials. The 14-helix is particularly important because of 
its almost perfect pitch (i.e. almost exactly 3 residues per 
turn).  
We have recently developed an efficient, metathesis-
based, approach to ”stapling”β-peptides. In this 
presentation recent we will describe the physical and 
chemical properites of these new molecules with an 
emphasis on better understanding factors which stabilize 
their helical structure. Results from our laboratories on the 
chemical functionalisation of the surface of such structured 
materials, employing a variety of synthetic protocols 
(including, inter alia, metathesis, hydrogenaton, 
dihydroxylation and Pauson-Khand reactions) will be also 
be discussed. The presentation will conclude with a 
description of our recent discovery that these molecules 
show a remarkable propensity to self-assemble as well as 
crystallize.  
 
P066. Abstract number: 567 
Aza-β3-amino acid containing peptidomimetics as 
cAMP-dependent protein kinase substrates 
K Kisseljova1, A Kuznetsov1, M Baudy-Floc’h2, J Järv1

1University of Tartu, TARTU, Estonia 
2UMR CNRS 6226, ICMV, University of Rennes 1, 
Rennes, France, RENNES, France 
Peptidomimetic analogs of RRASVA, known as the 
”minimal substrate”for the catalytic subunit of cAMP 
dependent protein kinase (PKA), were synthesized by 
consecutive replacement of natural amino acids by their 
aza-β3-analogs. These pseudopeptides were tested as 
PKA substrates and kinetic parameters of phosphorylation 
reaction were determined. It was found that binding of 

these peptidomimetics with the enzyme active center was 
sensitive to location of the backbone modification, while the 
maximal rate of the reaction was practically not affected by 
the position of aza-β3-analog residue in pseudopeptide. 
The kinetic parameters of phosphorylation reaction were in 
correlation with calculated data of structure modeling and 
computational studies of peptide docking in enzyme active 
center. It was concluded that certain structural fragments, 
modification of which influences binding kinetics can be 
distinguished for consensus sequence aza-β3-analogs. 
Defining these structural features might open new 
perspectives for pharmacophore design of peptide and 
peptide-like PKA ligands. 
 
P067. Abstract number: 573 
Structure-activity studies of Angiotensin IV analogues 
containing the conformationally constrained Aia 
residue. 
I Van den Eynde1, A Lukaszuk1, K Buysse1, H Demaegdt1, 
P Karoyan2, G Vauquelin1, D Tourwé1, G Toth3, A 
Keresztes4

1Vrije Universiteit Brussel, BRUSSELS, Belgium 
2Université Pierre & Marie Curie, PARIS, France 
3Biological Research Center, Hungarian Academy of 
Sciences, SZEGED, Hungary 
4Biological Research Center, SZEGED, Hungary 
Angiotensin IV: H-Val-Tyr-Ile-His-Pro-Phe-OH (Ang IV) is a 
bioactive metabolite of Ang II which mediates a wide range 
of physiological actions such as the ability to improve 
learning and memory, the inhibition of induced seizures 
and which has vascular and renal actions. It was proposed 
that Ang IV exerts its effects by binding to AT4 receptors. 
Those were recently identified as cystinyl aminopeptidase 
(CAP, also denoted as IRAP). It is still not clear how Ang 
IV exerts its biological effects. This could be through 
inhibition of the activity of IRAP or through activating its 
receptor function. Ang IV is also capable to inhibit the 
activity of aminopeptidase N (AP-N), which might represent 
an alternative target for Ang IV [1,2]. We have reported 
earlier that the �-homo amino acid containing analog H-
�2hVal-Tyr-Ile-His-Pro-�3hPhe-OH (AL-11) is a potent, 
selective and stable Ang IV antagonist, in which the 
�2hVal is responsible for stability and the �3hPhe for 
selectivity [3]. The substitution of the His4-Pro5 dipeptide 
sequence in Ang IV by the constrained Trp analog Aia-Gly, 
in combination with �2hVal substitution at the N-terminus, 
provided a new stable analog H-(R)-�2hVal-Tyr-Ile-Aia-
Gly-Phe-OH (AL-40) that is a potent ligand for the Ang IV 
receptor IRAP, and selective versus AP-N and the AT1 
receptor.[4]  
In this study we have replaced the Gly residue in AL-40 by 
different substituted amino acids and investigated the 
influence on the potency to inhibit the rate of Leu-pNA 
cleavage in membrane homogenates of HEK293 cells 
transient transfected with human IRAP or AP-N in the 
presence of different concentrations of compound. [3]  
Stability experiments were performed by incubating the 
peptides in the presence and in the absence of metal 
chelators, with membrane homogenates of CHO-K1 cells 
which contain endogenous IRAP, followed by a 
competition binding assay by adding [3H]Ang IV. Moreover 
stability in human serum will be reported.  
We thank the 'The Fund for Scientific Research - Flanders' 
(FWO, Belgium) for financial support.  
1. I. Moeller et al., J. Hum. Hypertens., 1998, 12, 289-293  
2. I. Garreau et al., Peptides, 1998, 19, 1339-1348  
3. A. Lukaszuk et al., J. Med. Chem., 2008, 51, 2291-2296  
4. A. Lukaszuk et al. J. Med. Chem., 2009,52, 5612-5618 
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P068. Abstract number: 9 
The Best Stationary Phase for Your Process HPLC 
Purification 
S.I. SALLAY, Y. N. Yamaguchi 
DAISO CO., LTD., OSAKA, Japan 
Though at analytical scale HPLC 'all ODS are the same' as 
common argument states, the small differences grow to 
very important proportion upon scaling up your projects.  
Silica based stationary phases come in a great variety, and 
the important aspects are not clear or neglected. That 
leads often to the bad scenario where the purification 
process is adjusted, fine tuned for the properties of the 
stationary phase. Definitely the opposite should be the 
case: Chose the best fitting kind of stationary phase for 
each process.  
The way of choosing is described here. The 
physicochemical properties of chemically bonded silica is 
explained in view of its strong influence of the separation 
characteristics.  
Examples of peptide and peptide based API separation are 
shown especially on insulin. 
 
P069. Abstract number: 29 
A Novel Method to Prepare Cyclic Peptides at Non-
cysteine sites using the Auxiliary group, 4,5-
dimethoxy-2-mercaptobenzyl (Dmmb) 
J Spetzler 
Novo Nordisk, MÅLØV, Denmark 
Many cyclic peptides are of therapeutic interest but the 
preparation of them is a challenge even though several 
methodologies using cyclization on-resin or in solution is 
well described in the literature [1]. This work presents a 
new general cyclization method which apply the auxiliary 
group, 4,5-dimethoxy-2-mercaptobenzyl (Dmmb) to form 
end-to-end cyclic peptides in aqueous solution solution 
without protection of the side-chains. For native ligation [2] 
several examples are known [3,4] using N�-(4,5-
dimethoxy-2-mercaptobenzyl) (Dmmb) peptide fragments 
to form longer peptides segments at X-Gly or X-Ala sites 
with C-terminal thioester peptides in three step (1) 
transthioesterification (2) S to N acyl shift and (3) removal 
of the acyl transfer auxiliary group. This strategy was 
applied for synthesis of cyclic peptides and peptide (1) was 
prepared using standard Fmoc/tBu chemistry followed by 
the cyclization reaction. The overall synthetic strategy for 
preparing cyclic peptides using the auxiliary group Dmmb 
as well as other cyclization methods for comparison will be 
discussed.  
[1] Davies, J.S. J. Pept. Sci. 2003, 9, 451.  
[2] Dawson, P.E., Muir, T.W., Clark-Lewis, I., Kent, S.B. 
Science 1994, 266, 776.  
[3] Kawakami, T., Akaji, K., Aimoto, S. Org. Lett. 2001, 3, 
1403.  
[4] Spetzler, J.C., Hoeg-Jensen, T. Bioorg. Med. Chem. 
2007, 15, 4700.  
 
P070. Abstract number: 35 
Do you need small particle HPLC media for peptide 
purification? 
A Coffey, L Lloyd, S Ball, K Mapp 
Varian, Inc., CHURCH STRETTON, United Kingdom 
Recent developments in synthesis resins have resulted in 
improvements in the quality of synthetic peptides being 
produced by solid phase synthesis strategies. However, in 
many instances there is still a requirement to improve 
peptide purity. Reverse phase HPLC has been the method 
of choice for synthetic peptide purification but the capital 
outlay for the gradient HPLC instrument needed to run 

small particle preparative columns can contribute a 
significant cost to the peptide production process.  
Our work investigates the media and instrumentation 
requirement for purification and the format and type of 
liquid chromatography column needed to achieve the 
desired purity. Data will also be presented to show how 
media selectivity can be exploited to improve throughput 
and minimize the column size needed. 
 
P071. Abstract number: 43 
Synthesis, Cyclization and Oxidative folding of 
backbone engineered Cyclotides 
L Aboye, R Burman, U Goransson 
Uppsala University, UPPSALA, Sweden 
Cyclotides are a cyclic peptide with a cystine knot. Due to 
their exceptional stability, there has been significant 
interest in developing these molecules as a drug design 
scaffold. For this potential to be realised efficient methods 
for the synthesis and oxidative folding of cyclotides need to 
be developed. Herein we present a successful strategy for 
the synthesis, cyclization and oxidative folding of 
engineered cyclotides. 
 
P072. Abstract number: 48 
A Novels Polymer Encapsulated Silica Stationary 
Phases for Reversed-Phase HPLC of Peptides 
Dr. Kaiser1, Dr Abrahamyan2, Mrs De Visch2

1Fuji Silysia Chemical, LE MONT/LAUSANNE, Switzerland 
2Shant Laboratories, 1480 SAINTES/BRUSSELS, Belgium 
 
With ”Pathfinder® BIO”, we introduce a new generation of 
RP-HPLC packing materials for biochromatography which 
is essentially different form the known conventional RP 
stationary phases. In comparison to other new novel hybrid 
materials, these new hybrid silica have organic groups only 
at the surface. This preserves the characteristics of the 
silica with only minimize influence of residual silanol groups 
and share the chemical inertness, temperature and pH 
stability of organic polymers. We will show in comparison 
to other RP-silica that his material can be used across the 
pH range from 1 to 12, while providing extended level of 
performance and lifetime. It shows a powerful separation of 
Insulin (hRI). As a further special advantage, we wil show 
that these new Pathfinder® phases have extremely high 
hydrophobic capacity and strong enhanced sterical 
selectivity at entire pH ranges that is nearly analogous to 
polymeric phases. Providing these properties in the range 
of 1.5 - 200 micron silica, Pathfinder® BIO can be used for 
high resolution peptide analytics (UPLC) and analytical 
HPLC and can be also linear upscaled to large scale 
preparative HPLC and Flash-LC peptide purification. 
 
P073. Abstract number: 58 
Mouse insulin-like peptide 5: chemical synthesis and 
structure-function relationship 
A B Belgi, M A H Hossain, S Layfield, R Bathgate, J Wade 
Florey Neuroscience Institutes, MELBOURNE, Australia 
Insulin-like peptide 5 (INSL5) is a member of insulin/relaxin 
superfamily of peptides that includes insulin, insulin-like 
growth factor I and II (IGFI and IGFII), insulin-like peptide 
3, 4, 5 and 6 (INSL3, 4, 5 and 6), relaxin-1 (H1 relaxin), -2 
(H2 relaxin) and -3 (H3 relaxin)1. Although it is expressed 
in relatively high levels in the gut, its biological function 
remains to be clarified. However, a recent patent 
application points to a significant orexigenic action and a 
role in appetite regulation which suggests that both 
agonists and antagonists of the peptide may have 
significant therapeutic applications. INSL5 has also 
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recently been identified as the cognate ligand for the G-
protein-coupled receptor, RXFP42.  
 
We have previously prepared human INSL5 via a 
combination of solid phase peptide synthesis and 
regioselective disulfide bond formation3 and determined its 
solution structure4. However its chemical synthesis was 
unexpectedly difficult due to the intractability of the A-chain 
and the overall poor solubility of the peptide. For this 
reason, we have focused on the preparation and use of the 
more hydrophilic mouse INSL5 and its point-mutated 
analogues for the study of its structure-function relationship 
in order to identify key receptor binding and activation 
residues.  
Synthetic mouse INSL5 was assembled in improved 
overall yield relative to the human peptide and shown to 
inhibit cAMP activity in CHO cells that expressed the 
human RXFP4 receptor with a similar activity to human 
INSL5. In contrast, it had no activity on the human relaxin-3 
receptor, RXFP3. Synthetic mouse INSL5 in which the two 
constituent chains were assembled as their C-terminal 
amides has also been prepared. Chain truncation studies 
are also underway which will identify the minimum 
sequence required for RXFP4 binding activity.  
1. Park JI, et al., New insights into biological roles and 
relaxin-related peptides. Rev Endocr Metab disord 2005; 6: 
291-296.  
2. Liu C, et al., Insl5 is a high affinity specific agonist for 
gpcr142. Journal of Biological Chemistry 2005; 280: 292-
300.  
3. Hossain MA, et al., Synthesis, conformation, and activity 
of human insulin-like peptide 5 (insl5). Chembiochem 
2008; 9: 1816-1822.  
4. Haugaard-Jonsson LM, et al., Structure of human 
insulin-like peptide 5 and characterization of conserved 
hydrogen bonds and electrostatic interactions within the 
relaxin framework. Biochem J 2009; 419(3): 619-27.  
 
P074. Abstract number: 59 
Temporary Solubilization Of Synthetic Peptides By C-
Terminal-Linked Poly-Lys Tail: Application To The SPS 
Of Insulin Glargine 
A B Belgi1, M A H Hossain1, J Wade1, G Tregear1, S 
Andrikopoulos2

1Florey Neuroscience Institutes, MELBOURNE, Australia 
2Department of Medicine, University of Melbourne, 
MELBOURNE, Australia 
The post-synthesis handling of poorly soluble peptides 
often remains a significant hindrance to their purification 
and further use. Use of strong solvents, acids or 
chaotropes for their solubilization do not allow convenient 
purification nor their chemical characterization. Alternative 
approaches to improving the solubility of synthetic peptides 
have involved temporary chemical modification of the 
peptide itself with, for example, O-acyl isoacylpeptides1. 
However, their use is limited by their high cost as well as 
the requirement of a convenient amino acid sequence for 
their introduction. Polycationic peptides have long been 
known to enhance the solubility of peptides and proteins. A 
recent study showed that pronounced solubilization was 
afforded by five Lys or Arg residues particularly if these 
were linked at the C-terminus rather than the N-terminus of 
the target protein2. Given that lysine derivatives are 
cheaper and generally easier to couple in SPPS , we 
decided to exploit these findings and we describe here a 
simple approach based on the use of penta-lysine ‘tags’ 
that are linked to the C-terminus of the peptide of interest 
via a base-labile linker. After ready purification of the now 
freely solubilized peptide, the ‘tag’ is removed by simple, 

brief base treatment giving the native sequence in much 
higher overall yield. The applicability of the method was 
demonstrated by the first ever preparation of insulin 
glargine via solid phase synthesis of each of the two chains 
- including the notoriously poorly soluble A-chain - followed 
by their combination in solution via regioselective disulfide 
bond formation. At the conclusion of the chain combination, 
the solubilizing peptide tag was removed from the A-chain 
to provide synthetic human glargine in nearly 10% overall 
yield3. This approach should facilitate the development of 
new insulin analogues as well as be widely applicable to 
the improved purification and acquisition of otherwise 
poorly soluble synthetic peptides.  
1. Sohma, Y., Yoshiya, T., Taniguchi, A., Kimura, T., 
Hayashi, Y. and Kiso, Y. 2007 Biopolymers, 88, 253-262.  
2. Kato, A., Maki, K., Ebina, T., Kuwajima, K., Soda, K. and 
Kuroda, Y. 2006 Biopolymers, 85, 12-18.  
3. Hossain, M.A., Belgi, A., Lin, F., Zhang, S., Shabanpoor, 
F., Belyea, C., Truong, H.T., Blair, A.R., Andrikopoulos, S., 
Tregear, G.W. and Wade, J.D. 2009 Bioconjugate 
Chemistry, 20, 1390-1396. 
 
P075. Abstract number: 62 
Design And Synthesis Of Cyclodextrin/Gnrh Analogue 
Conjugates For The Treatment Of Hormone Depended 
Cancer 

University of Patras, Department of Chemistry, PATRAS, 
Greece 
Cyclodextrins are cyclic oligosaccharides consisting of a 
hydrophobic cavity that is capable of including a variety of 
hydrophobic compounds via host-guest complexation.1 

This property has been extensively exploited in the past to 
change the physicopharmaceutical properties of lipophilic 
drugs such as water-solubility, bioavailability, improved 
stability, and effectiveness. Covalent linkage of bioactive 
peptides to cyclodextrins has also been proposed2,3 to 
possibly take advantage of this complexation in terms of 
solubility and reduced enzymatic degradation. 
Gonadotropin Releasing Hormone (GnRH) is a linear 
decapeptide which is produced in the hypothalamus under 
the control of neurotransmitter type compounds4 and it is 
the central regulator of the reproductive system5. GnRH 
agonist analogues, such as Leuprolide, Buserelin are 
widely used for the treatment of hormone depended cancer 
and they have found to be more potent than the natural 
hormone. The goal of this study was the design and 
synthesis of β-cyclodextrin/GnRH analogues conjugates 
with improved biophysical properties, compared to wild 
hormone, in order to be studied for antitumor activity6.  
1. Wenz, G. Angew. Chem. 1994, 106, 851-870.  
2. Parrot-Lopez, H.; Djedaini, F.; Perly, B.; Coleman, A. W.; 
Galons, H.; Miocque, M. Tetrahedron   Lett. 1990, 
31, 1999-2002.  
3. Djedaini-Pilard, F.; Desalos, J.; Perly, B. Tetrahedron 
Lett. 1993, 34, 2457-2460.  
4. Lincoln, D.W. Endrocrinology Philadelphia, 1997, 142-
151.  
5. Colleen A. Flanagan., Robert P. Millar, Reviews of 
Reproduction, 1997, 2, 113-120  
6. Mantzourani, E.; Laimou, D.; Matsoukas, M.; Tselios, T. 
Anti-Inflammatory & Anti-Allergy  Agents in Medicinal 
Chemistry, 2008 , 13, 294-306  
 
P076. Abstract number: 85 
Synthesis of Peptide Libraries on the Overture� 
G Fuentes, C Chantell, H Patel, M Menakuru 
Protein Technologies, Inc., TUCSON, United States of 
America 

K. Laimou, Tsivgoulis, Tselios 
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Peptide libraries are groups of peptides with systematic 
combinations of amino acids that are an extremely useful 
tool for drug discovery. Peptide libraries can be used to 
identify target ligands and then optimize them for potency, 
selectivity, and stability [1]. Automation plays a pivotal role 
in increasing the speed and efficiency of this process. The 
Overture® Robotic Peptide Library Synthesizer was 
designed to generate and synthesize peptide libraries in an 
easy to use, high-throughput format. The Overture’s® 
flexible reaction vessel configurations and software allow 
libraries from 4 to 96 compounds to be made, including 
overlapping peptides for epitope mapping, and alanine-
scanning libraries, positional scanning libraries, random 
libraries, truncation peptide libraries and scrambled peptide 
libraries for sequence optimization.  
[1] Marasco D, Perretta G, Sabatella M, Ruvo M. Past and 
Future Perspectives of Synthetic Peptide Libraries. Curr. 
Protein Pep. Sci. 2008; 9: 447-467.  
 
P077. Abstract number: 92 
The use of a cleavable 'Tag' moeity to dramatically 
increase peptide purification yield. 
M Hay, D Anderson, G Cotton, R Ramage 
Almac Sciences, BY GLADSMUIR, United Kingdom 
Modern methods in peptide synthesis have resulted in the 
ability to synthesis peptides of ever increasing length and 
complexity. Whilst resins, solvents, and coupling agents 
have all been the focus of much attention in offering 
improvements and alternatives to synthetic methodology, 
purification techniques have received relatively little 
attention, and preparative HPLC remains the workhorse 
method. Traditional HPLC methods have difficulty in 
separating related impurities from the desired peptide 
product. We describe a method of purification of peptides 
synthesised by Fmoc chemistry, which provides product of 
equivalent or superior quality, when compared with HPLC, 
but with a dramatic two to three-fold increase in yield.  
The improved method involves the use of a cleavable Tag, 
and takes advantage of metal-binding properties, which are 
used in the Immobilised Metal Affinity Chromatography 
(IMAC) purification of recombinant proteins. The Tag 
incorporates 8-hydroxyquinoline which acts as a metal 
binding moiety, and is coupled to the peptides via 
succinimidyl carbonate functionality. The Tag is cleavable 
under basic conditions through the presence of a beta-
sulfone group.  
Full length, protected, resin-bound peptides are labelled on 
the N-terminus with the Tag using standard coupling 
conditions. The peptide is then cleaved from the resin 
under standard conditions, with the only the full length 
peptide of choice labelled with the Tag. The crude peptide 
is then subjected to IMAC which selectively removes the 
Tagged peptide from the crude peptide mix. The Tag is 
removed by treatment at pH 11, and the cleaved Tag 
removed by a further IMAC pass.  
Direct comparisons between Tagging methods and 
classical HPLC purification methods were carried out using 
several peptides of different lengths (12-76 amino acids). 
The study indicated that the Tagging approach resulted in 
products of at least the same purity as HPLC purification, 
but that yield was increased by two to three times. 
Furthermore, the IMAC purification and Tag cleavage 
process causes no detrimental effect on the peptide. 
 
P078. Abstract number: 103 
Novel synthesis of benzophenone units for photo-
affinity labeling 
S.N. Naveh, Y Tal-Gan, C Gilon 
The Hebrew University of Jerusalem, JERUSALEM, Israel 

Peptides are a common tool for the study of protein-protein 
interactions. Benzophenone (BP) is an attractive photo-
affinity label which covalently binds to the inactive C-H 
bonds of the protein, upon exposure to UV irradiation. In 
order to use BP for the study of protein interactions, a 
peptide-BP conjugate must be synthesized. The addition of 
BP to the target molecule has often proven to be a difficult 
synthetic step. Here we describe a one pot, two step 
synthesis of BP units that are compatible with standard 
solid phase peptide synthesis procedures. The proximity 
between the BP moiety and the peptide pharmacophores 
can affect both binding and activity, thus we synthesized 
BP units using spacers of varying lengths. In addition, the 
spacer has a dominant effect on the site at which the BP 
binds to the protein, and the use of various lengths enables 
more complete mapping of the binding site. The 
incorporation of the BP units into the peptide sequence on 
solid support was performed using the ”sub-
monomer”procedure for peptoid synthesis of Nuss et al.1 
The formation of ”peptoid like”BP units could also increase 
the metabolic stability of the peptide. We used the BP units 
to study the interaction between Protein Kinase B 
(PKB/Akt) and it's substrate based inhibitor, PTR61542. 
We also synthesized a yeast permeable peptomer 
containing BP unit, Biotin and Fluorescein, to study protein-
protein interactions in a native cellular environment of 
yeast cells.  
1. Nuss, J. M., Desai M. C., Zuckermann R. N., Singh R., 
Renhowe P. A., Goff D. A., Chinn J. P., Wang L., Dorr H. , 
Brown E. G., Subramanian S. Pure Appl Chem 1997, 69, 
447.  
2. Litman, P.; Ohne, O.; Ben-Yaakov, S.; Shemesh-
Darvish, L.; Yechezkel, T.; Salitra, Y.; Rubnov, S.; Cohen, 
I.; Senderowitz, H.; Kidron, D.; Livnah, O.; Levitzki, A.; 
Livnah, N. Biochemistry 2007, 46, 4716.  
 
P079. Abstract number: 121 
New L-amino acid ligase from Pseudomonas syringae 
NBRC14081 producing tabtoxin 
T Arai, Y Arimura, K Kino 
Waseda University, TOKYO, Japan 
L-Amino acid ligase catalyzes ATP-dependent peptide 
synthesis using unprotected L-amino acids as the 
substrates. Our research is about peptide synthesis using 
L-amino acid ligases. We found a new L-amino acid ligase 
from Pseudomonas syringae NBRC14081 producing a 
tabtoxin peptide-phytotoxin. Tabtoxin is the dipeptide toxin 
containing tabtoxinine-β-lactam (TβL) linked by a peptide 
bond to L-threonine, and TβL induces the chlorosis through 
inhibition of glutamine synthetase in plant cells. The 
biosynthetic gene cluster of Pseudomonas syringae BR2 
was identified, but the biosynthetic pathway has not been 
clarified. We assumed that tabtoxin is combined by an L-
amino acid ligase, and searched for the gene possessing 
ATP-grasp motif, a signature of the ATP-dependent 
carboxylate-amine/thiol ligase superfamily, in the gene 
cluster. The result showed that tblF had the ATP-grasp 
motif and therefore may encode L-amino acid ligase. The 
corresponding gene was then cloned from P. syringae 
NBRC14081, and was named tabS. TabS has the same 
amino acid sequence as TblF from BR2 strain, and whose 
amino acid sequence shared about 20% homology with 
those of known L-amino acid ligases. TabS was prepared 
by the Escherichia coli gene expression system as an N-
terminal His-tagged protein and was assayed for L-amino 
acid ligase activity. The substrate specificity was examined 
using 20 proteogenic amino acids and β-alanine (β-Ala). 
The LC-MS analysis showed that TabS has broad 
substrate specificity, and synthesized 136 kinds of 
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dipeptides. When 20 mM Ala and 100 mM Pro was used 
as the substrates, 6.3 mM Pro-Ala, 0.6 mM Ala-Ala, and 
0.4 mM Pro-Pro were synthesized. Synthesis of dipeptide 
containing Pro at the C-terminus by an L-amino acid ligase 
is the first report, although the yield was very low. In 
addition, TabS synthesized the peptides containing β-Ala, 
e.g., Phe-β-Ala, a hair-growth inhibitor. Furthermore, our 
result suggests tabtoxin may be synthesized by L-amino 
acid ligase, because tabS (= tblF) is the only gene 
encoding peptide synthesizing enzyme in the tabtoxin 
biosynthetic gene cluster. 
 
P080. Abstract number: 149 
The chains of insulin-like peptides reveal properties of 
oxidoreductases 
K Barlos, K Barlos, Z Vasileiou, D Gatos, K Barlos 
University of Patras, PATRAS, Greece 
The synthesis of insulin-like peptides (INSL) and their 
chimeric derivatives by the folding of their A- and B-chains 
proceeds fast and selectively. In the key step of the chain 
combination, a bisoxidized A-chain is formed and folds 
then fast with the corresponding linear B-chain. The A- and 
B-chains of the INSL reveal a high recognition ability to 
each other. So, even the regions of the IGF peptides, 
which correspond to the A- and B-chains, combine fast and 
selectively with the corresponding chains of other INSL. 
These results indicate that the chains of the INSL follow 
the same basic principles during their recognition and 
folding, which are independent of their sequence. This is 
similar to the properties of natural oxidoreductases, which 
are able to recognize and fold with a variety of different 
proteins.  
 
P081. Abstract number: 150 
Synthesis of the thiolactone derivative of 
Enterococcus faecalis gelatinase-biosynthesis 
activating pheromone using the GyrA mini-intein 
K Nagata1, Y Yamanaka1, S Horita1, H Katayama2, K 
Hayakawa1, A Yamamura1, M Sato3, K Nishiguchi3, K 
Sonomoto3, J Nakayama3, M Tanokura1

1The University of Tokyo, TOKYO, Japan 
2Tokai University, KANAGAWA, Japan 
3Kyushu University, FUKUOKA, Japan 
The expression of pathogenicity-related extracellular 
proteases in Enterococcus faecalis is positively regulated 
by the quorum sensing system mediated by an 
autoinducing peptide termed gelatinase biosynthesis-
activating pheromone (GBAP). GBAP is an 11-residue 
cyclic peptide containing a lactone linkage formed by the 
side-chain hydroxyl group of Ser3 and the main-chain 
carboxyl group of Met11 in the following amino-acid 
sequence, Gln-Asn-Ser-Pro-Asn-Ile-Phe-Gly-Gln-Trp-Met. 
Secreted GBAP binds to its membrane-bound receptor 
FsrC and triggers a two-component signal transduction 
cascade of FsrC and FsrA. We already succeeded in 
chemical synthesis and solution structure determination of 
GBAP. In order to analyze the intermolecular interaction of 
GBAP and FsrC by heteronuclear NMR, we need tp 
establish a preparation method of isotopically labeled 
GBAP. Here, we describe a new method to synthesize the 
thiolactone derivative of GBAP, a GBAP agonist, from the 
fusion protein of [Cys3]GBAP and Mycobacterium xenopi 
GyrA mini-intein. With this method, we obtained 0.25 mg of 
15N-labeled GBAP thiolactone from 1 L of Escherichia coli 
culture, and measured its 1H-15N 2D HSQC and 1H-1H-15N 
3D NOESY-HSQC spectra to analyze its interaction with 
FsrC.  
 
P082. Abstract number: 155 

Automated Solid-Phase Synthesis of Peptide 
Thioesters with Self-Purification and Application in the 
Construction of Immobilized SH3 Domains 
B. Mende, O Seitz 
Humboldt-Universität zu Berlin, BERLIN, Germany 
Peptide thioesters are important building blocks in the total 
synthesis of proteins and protein domains via fragment 
ligation. However, synthetic access of peptide thioesters 
still is a bottle-neck of this powerful ligation chemistry. The 
commonly used methods for the Fmoc-based synthesis of 
peptide thioesters involve non-automated solution steps 
that have to be performed after the solid-phase assembly 
of the peptide. Usually, HPLC purification is required. 
Herein, a method that enables crude peptides to be used 
in divergent native chemical ligations reactions is 
described. [1]  
We present an automated Fmoc-based solid-phase 
synthesis of peptide thioesters with self-purification which 
facilitates access to these important building blocks, since 
the often cumbersome HPLC purification can be avoided. 
Fmoc-protected amino acids are coupled on a safety catch 
sulfonamide resin. The self-purifying effect is achieved 
through the combination of a) N-terminal coupling of a 
cleavable cyclization linker, b) subsequent backbone-to-
side chain cyclization and activation of the sulfonamide 
linkage by alkylation, c) thiolysis for the selective 
detachment of truncation products and d) TFA cleavage for 
the liberation of the desired peptide thioester in 
unprotected form. The potential of the method is 
demonstrated in the parallel synthesis of 20-40 amino acid 
long peptide thioesters, which were obtained in excellent 
purities. The thioesters and cysteinyl peptides were used 
without purification in the assembly of immobilized SH3 
protein domains of SHO1 in yeast. A cysteine scan by 
native chemical ligation suggested single amino acid to 
cysteine substitutions that a) confer useful ligation yields, 
b) support correct folding and c) sustain the function of the 
folded protein domain.  
[1] F. Mende, O. Seitz, Angew. Chem. Int. Ed. 2007, 
46, 4577-4580  
 
P083. Abstract number: 163 
Critical evaluation of in situ coupling reagents for 
SPPS 
P D White1, R Behrendt2
1Merck Chemicals, BEESTON, United Kingdom 
2Merck & Cie, SCHAFFHAUSEN, Switzerland 
With the plethora of coupling reagents available for 
mediating amide bond formation in peptide synthesis, 
making a rational decision as to the optimal reagent for a 
given application can be difficult. In this poster, we 
compare a wide range of novel and commercially available 
coupling reagents for efficiency, solution stability, solubility 
and cost, with a view to simplifying the selection of 
coupling reagents. 
 
P084. Abstract number: 164 
Practical aspects of the use of the Dbz linker for 
making thioesters by Fmoc SPPS 
P D White1, R Behrendt2
1Merck Chemicals, BEESTON, United Kingdom 
2Merck & Cie, SCHAFFHAUSEN, Switzerland 
Dawson's Dbz linker [1] is an important new tool for making 
peptide thioesters by Fmoc SPPS. The linker consists of 
3,4-diaminobenzoic acid which is attached via the carboxyl 
to an amino functionalized resin. Peptide chain extension is 
performed on one of the anilino groups, before formation of 
a imidazolidinone (Nbz) with p-nitrophenyl chloroformate, 
and cleavage form the resin with TFA. The peptide Nbz is 
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used directly in chemical ligation reactions to generate in 
situ the desired peptide thioester.  
During our attempts to incorporate this new linker into our 
routine synthesis of peptide thioesters, we observed 
formation of branched peptides resulting from acylation of 
the second anilino group, particularly with glycine. In this 
poster we present the results from our experiments to 
overcome this problem.  
[1] J. B. Blanco-Canosa & P. E. Dawson (2008) Angew. 
Chem. Int. Ed., 13, 6851. 
 
P085. Abstract number: 185 
Automated ‘X-Y' robot for SPPS with microwave 
heating: Application to difficult peptide sequences and 
protein domains 
L Malik, P A. Tofteng, S L. Pedersen, K K. Sørensen, K J. 
Jensen 
University of Copenhagen, FREDERIKSBERG C, 
Denmark 
Precise microwave heating has emerged as a valuable 
addition to solid-phase peptide synthesis. New methods 
and reliable protocols, as well as their embodiment in 
automated instruments, are required to fully utilize this 
potential. Here we describe a new automated robotic 
instrument (Biotage Syro WaveTM) for solid-phase peptide 
synthesis with microwave heating and report protocols for 
its reliable use. We report the application for the synthesis 
of difficult peptides as well as long sequences including the 
�-amyloid (1-42) peptide and a LysM2 protein, which were 
all successfully assembled in excellent crude purity. The 
instrument is built around a valve-free robot, originally 
developed for parallel synthesis, where the robotic arm 
dispenses reagents instead of pumping reagents via 
valves. We have demonstrated that a valve-free 
synthesizer based on an ‘X-Y’ robot can be optimized for 
synthesis of long sequences. The synthesis of a series of 
difficult peptide sequences will be presented using 
microwave irradiation. These findings show that in general, 
the synthesis of peptides using microwave irradiation was 
accomplished with greater speed and purity than with 
conventional room-temperature protocols. 
 
P086. Abstract number: 194 
Solvent-free synthesis of peptides in a ball-mill 
F Lamaty, V Declerck, P Nun, J Martinez 
Institut des Biomolécules Max Mousseron, 
MONTPELLIER, France 
 A novel solvent-free methodology for the synthesis of 
peptides was developed: the coupling of an urethane 
protected N-carboxy anhydride (UNCA) of an aminoacid 
with another aminoacid derivative gave a protected 
dipeptide in very high yield under ball-milling conditions. 
The reaction is taking place in the solid state. This solvent-
free synthesis was applied to the preparation of dipeptides 
and tripeptides, and exemplified in the preparation of the 
sweetner aspartame, in three steps, using the UNCA route, 
without any organic solvent and purification. In contrast to 
the classical methods (solution or solid-phase), this solid-
state method represents a new paradigm for the synthesis 
of peptides. 
 
P087. Abstract number: 208 
A study to assess the cross-reactivity of cellulose 
membrane bound peptides with detection systems: An 
analysis at the amino acid level 
C.C. Mahrenholz, V Tapia, R Stigler, R Volkmer 
Charité Medical School, BERLIN, Germany 
The growing demand for binding assays to study protein-
protein interaction can be addressed by peptide array-

based methods [1]. The SPOT technique is a widespread 
peptide-array technology, which is able to distinguish semi-
quantitatively the binding affinities of peptides to defined 
protein targets within one array. The quality of an assay 
system used for probing peptide arrays depends on the 
well-balanced combination of screening and read-out 
methods. The former address the steady-state of analyte 
capture, whereas the latter provide the means of detecting 
captured analyte. In all cases, however, false positive 
results can occur when challenging a peptide array with 
analyte or detecting captured analyte with label conjugates. 
Little is known about the cross-reactivity of peptides with 
the detection agents. Here we describe at the amino acid 
level the potential of 5-(and 6)-
carboxytetramethylrhodamine [5(6)-TAMRA], 
fluoresceinisothiocyanate [FITC], and biotin/streptavidin to 
cross-react with individual amino acids in a peptide 
sequence.  
Peptides with different amino acid cores were synthesized 
and tested for interaction with common dyes and detection 
systems. Our goal was to discover the potential of 5-(and 
6)-carboxytetramethylrhodamine [5(6)-TAMRA], 
fluoresceinisothiocyanate [FITC], biotin and streptavidine to 
crossreact with individual amino acids.  
To this end we designed 20 peptides of the sequence 
XXX[aa]5XXX, where [aa]5 denotes five repeats of one of 
the 20 amino acids, and prepared them via SPOT 
synthesis [2]. Glycine was chosen as the flanking residue X 
to act as a spacer molecule. As analytes small peptides 
(gly-gly-gly) were solid phase synthesized and afterwards 
labelled with the detection compound of interest. The 
resulting amino acid library was then incubated with the 
glycine labelled detection system and evaluated via optical 
and fluorescent methods.  
Our approach identified several amino acids interacting 
with different detection systems. These results will 
strengthen the reliability of the analysis of SPOT synthesis 
generated data in the future.  
[1] Andresen, H. et al. Functional peptide microarrays for 
specific and sensitive antibody diagnostics. Proteomics, 
6(5):1376- 1384, 2006.  
[2] Frank, R. The spot-synthesis technique. Synthetic 
peptide arrays on membrane supports - principles and 
applications. J Immunol Methods, 267(1):13-26, 2002. 
 
P088. Abstract number: 216 
TERA-linker: Safety-catch linker for peptide thioesters 
via Fmoc solid-phase synthesis 
J.E. Rasmussen1, T. Hoeg-Jensen2, K.J. Jensen1

1University of Copenhagen - LIFE, FREDERIKSBERG, 
Denmark 
2Novo Nordisk A/S, MÅLØV, Denmark 
C-terminal peptide thioesters are key intermediates in 
native chemical ligation (NCL) of peptide fragments. 
However, peptide thioesters are susceptible to aminolysis 
by the piperidine used for repetitive removal of Fmoc 
moieties. Instead, several two-step protocols have been 
described. We recently reported a new strategy for SPPS 
of peptide thioesters by activation of a peptide backbone 
amide bond via first formation and then thiolysis of a 
pyroGlutamyl (pGlu) imide functionality in the peptide 
backbone (Tofteng et al, Angew. Chem. 2009, 7411).  
Here, we introduce a new safety-catch linker based on 2-
(aminomethyl)TERephthalic Acid (TERA) for the Fmoc-
based SPPS of peptide thioesters. First the linker is 
attached to the solid support, then peptide chain elongation 
proceeds in a straight-forward manner. The safety-catch 
linker is activated in a two-step protocol by (1) removal of a 
transient and Fmoc-orthogonal carboxyl protecting group 
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and (2) subsequent formation of a 5-membered hemi-cyclic 
imide via an asymmetric anhydride. The increased 
electrophilicity of this species is then exploited by 
nucleophilic displacement with a suitable thiol and 
concomitant release of the peptide thioester. 
 
P089. Abstract number: 222 
The Microwave Revolution: Recent Advances in 
Microwave Assisted Peptide Synthesis 
G. S. Vanier, S Singh, A Douglas, E Williamson 
CEM Corporation, MATTHEWS, United States of America 
One of the greatest breakthroughs in solid phase peptide 
synthesis (SPPS) in the past decade is the use of 
microwave irradiation to overcome incomplete and slow 
reactions typical of conventional SPPS. Microwave energy 
has been applied successfully in a manual and automated 
approach for enhancing the synthesis of peptides and 
peptidomimetics. During the course of conventional peptide 
synthesis, the growing peptide chain can form aggregates 
with itself or neighboring chains producing low quality 
peptides. Due to its highly charged resonance structure, 
the peptide bond will readily absorb microwave energy 
inducing molecular motion within the peptide. This random 
motion can overcome chain aggregation within the peptide 
allowing for free access to the N-terminus of the growing 
peptide chain, and therefore results in a significant 
increase in the peptide purity. In addition, microwave 
irradiation can considerably increase the speed at which 
peptides are synthesized. Traditionally, peptide coupling 
reactions require from 30 minutes up to two hours to reach 
completion. Microwave energy allows the amino acid 
coupling to be completed in just five minutes. The Fmoc 
deprotection reaction can also be accelerated in the 
microwave decreasing the reaction time from at least 15 
minutes to only three minutes. We have recently 
demonstrated common side reactions such as 
racemization and aspartimide formation are easily 
controllable with optimized methods that can be applied 
routinely.1 Our latest research has focused on the 
microwave assisted synthesis of modified peptides. Such 
modifications include N- and C-terminal modifications, 
cyclizations, and the incorporation of unnatural amino 
acids. We have also continued to develop methods for the 
synthesis of difficult peptides. These peptides were 
synthesized in a fraction of the time compared to 
conventional peptide synthesis without the need for 
unusual or expensive reagents and in a fully automated 
fashion to give peptides in high yield and purity.  
1Palasek, S. A.; Cox, Z. J.; Collins, J. M. J. Pept. Sci. 2007, 
13, 143-148. 
 
P090. Abstract number: 223 
Novel Core-shell Particle Technology Aiding Synthetic 
Peptide Purification 
T Farkas, J Heng, J Layne 
Phenomenex, Inc., TORRANCE, United States of America 
Fraction analysis is a time consuming part of the peptide 
purification process. Traditionally, conventional HPLC 
columns, typically of 15-25 cm length are used for fraction 
analysis requiring a significant amount time for the 
screening of all fractions of interest. This in turn causes 
delays in deciding if the purification process is effective or it 
may require further optimization. The advent of highly 
efficient short HPLC columns allows for a significant 
reduction in the time required for fraction analysis. While 
such columns have been made until recently with sub-2 
m particles, requiring the use of high pressure-capable 
(expensive) analytical HPLC instrumentation, the recently 
introduced core-shell particle based columns provide 

superior resolving power and analysis times, while fully 
compatible with conventional HPLC instruments. Core-
shell based HPLC columns are currently the ”state of the 
art”in modern HPLC analysis and their use is continuously 
expanded to the various aspects of drug discovery, 
including peptide analysis.  
In this presentation we demonstrate the excellent 
performance of core-shell based HPLC columns for the 
analysis of fractions collected in the purification of several 
generic synthetic peptides. Results to date suggest that 
such columns provide excellent chromatographic 
resolution, reproducible quantitative results and fast run 
times on the order of 1-3 minutes, while operated on 
conventional HPLC instruments capable of delivering 
consistent flow rates at back pressures below 400 bar. 
Hence, the most recent advancements in HPLC column 
technology can be successfully implemented also to 
fraction analysis in peptide purification. 
 
P091. Abstract number: 247 
MICROWAVE-ASSISTED SOLID-PHASE PEPTIDE 
SYNTHESIS OF THE 60-110 DOMAIN OF HUMAN 
PLEIOTROPHIN (hPTN) ON CLTR-Cl RESIN 
E. Friligou1, E Papadimitriou2, D Gatos1, T Tselios1

1Department of Chemistry, University of Patras, PATRAS, 
Greece 
2Department of Pharmacy, University of Patras, PATRAS, 
Greece 
Human pleiotrophin (hPTN) is a heparin-binding growth 
factor with diverse biological activities, the most studied 
being those related to the nervous system, tumor growth 
and angiogenesis. It is interesting to determine which 
regions of hPTN are responsible for its diverse functions, in 
order to identify the molecular mechanisms involved and to 
identify possible therapeutic targets or/and agents. The 
binding of hPTN to heparin is mediated by the two central 
regions that are homologous to the thrombospondin type I 
repeat (TSR-1), with the carboxyl terminal TSR-1 domain 
(60-110) being the main heparin-binding site of PTN [1,2]. 
Here we report the Microwave Enhanced Solid Phase 
Peptide Synthesis (MW-SPPS) of the C-terminal 60-110 
domain of hPTN composed of 51 amino acids using the 
Fmoc/tBu methodology. The linear protected peptide was 
synthesized using the LibertyTM Microwave Peptide 
Synthesizer (CEM) on 2-chlorotrityl chloride resin (CLTR-
Cl) [3]. Fmoc deprotection was achieved with 20% 
Piperidine in DMF, while for the coupling reactions 
HOBt/DIC in DMF were used. Moreover, this domain is 
supposed to contain two disulfide bonds, one between 67-
99 residues and one between 77-109 residues [2]. In order 
to achieve selective formation of these disulfide bonds, the 
Cys(Trt) at 77, 109 positions and Cys(Acm) at 67, 99 
positions were used. After cleavage of the protected 
peptide from the resin and removal of the side chain 
protecting groups [except for Cys(Acm)67 and Cys(Acm)99], 
the first disulfide bond was formed by dimethyl sulfoxide 
(DMSO). The second disulfide bridge was formed 
contemporaneously with the Acm group removal using 
iodine. In this report, we demonstrated that microwave 
energy can also be applied in the case of the solid-phase 
synthesis of large peptides utilizing the acid sensitive 
CLTR-Cl resin.[1] Papadimitriou, E. et al. (2009) Eur. 
Cytokine Netw., 20, 180.[2] Mikelis, C. et al. (2007) Recent 
Patents on Anti-Cancer Drug Discovery., 2, 175.[3] Barlos, 
K. et al. (1991) Angew. Chem. Int. Ed., 30, 590. 
 
P092. Abstract number: 302 
Solid-Phase Synthesis of the Lipopeptide Myr-
HBVpreS/2-78, a Hepatitis B virus Entry Inhibitor 
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AS Schieck, T Müller, U Haberkorn, S Urban, W Mier 
University Hospital Heidelberg, HEIDELBERG, Germany 
Chronic HBV infection is the leading cause of liver cirrhosis 
and hepatocellular carcinoma. Synthetic peptides derived 
from the N-terminus of the large HBV envelope protein 
have been shown to efficiently block HBV entry. Myr-
HBVpreS/2-78, the parent compound of these drugs, 
inhibits human HBV infection in vitro and in vivo. 
Constituting a novel class of anti HBV drugs an efficient 
synthesis of this peptide is required. Consequently, the 
solid phase synthesis of the N-terminal 77 amino acids of 
the viral L-protein was studied in detail. The sequence was 
N-terminally myristoylated to resemble the natural, 
postranslationally modified protein. The synthesis was 
monitored using the Fmoc cleavage pattern of the solid 
phase synthesis on a standard peptide synthesizer and by 
HPLC-MS analyses of the arising side products. NMR 
studies suggest that the peptide belongs to a class of 
intrinsically unfolded peptides and is therefore not prone to 
aggregations within the synthesis. Nevertheless, ”difficult 
sequences”in the positions 42-47 of the peptide sequence 
complicate the efficient synthesis of the 77-mer peptide 
HBVpreS/2-78. Attempts were undertaken to optimize the 
synthesis by heating, double coupling or the use of 
pseudoproline dipeptides. HPLC-MS analyses showed that 
the efficiency of the synthesis could be increased best by 
applying elevated temperature resulting in a higher purity 
of the crude product after solid phase synthesis. It was 
possible to minimize the occurrence of side products 
related to incomplete coupling steps. In conclusion, the 
peptide is accessible by stepwise SPPS without the 
necessity of segment coupling. 
 
P093. Abstract number: 310 
Beyond 100mer peptide synthesis using CS336 
automated synthesizer 
HW Chang 
C S Bio Co., MENLO PARK, CA, United States of America 
The total chemical synthesis of peptides provides a rapid 
and effective route for the production of homogenous 
proteins free of biological contaminants, while at the same 
time offering flexibility through the incorporation of 
unnatural amino acids or other chemical modifications that 
improve protein efficacy. Furthermore, chemical synthesis 
allows facile introduction of biochemical and biophysical 
probes that cannot be made by biology methods.  
In the synthesis of a peptide of 101 residues, reaction 
efficiency of 99% per cycle would give 36% of the peptide 
with the correct amino acid sequence. The remaining 64% 
would consist of a mixture of peptide contaminants, 
including 100 polypeptides with a single deletion, 5000 with 
two deletions, and a lot more remainders with three or four 
deletions. To obtain a crude peptide with ~80% purity, the 
reaction efficiency of 98.8-99.9% per reaction cycle has to 
be reached. Recently, we finished a 102mer peptide 
synthesis using CS336 automated synthesizer with a very 
good yield. The 3-RV (reaction vessel) CS336 allowed us 
to aliquot the resin during AA assembling and customize 
the coupling strategy whenever needed. For example, for 
the ‘difficult sequences’ of a growing peptide chain, 
double/triple coupling could be required, which can be 
simply done by editing the program on CS336 control 
panel. Additionally, we alternatively used HBTU/DIPEA 
and DIC/HOBt for the same sequence when double 
coupling and triple coupling were performed, which 
improved the completeness of each cycle before capping. 
Another 108mer was synthesized using the same strategy 
on the CS336 automated synthesizer within three weeks.  

Although long peptides can also be obtained by chemical 
ligation, a stepwise synthetic approach is still the option as 
it is easier and faster to handle than other strategies, 
especially when the automated synthesizer is used.  
 
P094. Abstract number: 312 
Automated Microwave-Assisted Peptide Synthesis 
with a Novel Robotic Synthesizer: Synthesis of 
Difficult Sequences and N-Methylated Peptides 
SL Pedersen1, A Mehrotra2, KJ Jensen1

1University of Copenhagen, FREDERIKSBERG, Denmark 
2Biotage AB, UPPSALA, Sweden 
New coupling reagents and matrices have improved the 
yields of peptide bond formation. However, SPPS is still 
often faced with difficulties in the assembly of long or 
‘difficult’ sequences, e.g. due to aggregation and steric 
hindrance giving rise to incomplete reactions. The use of 
convenient and precise heating with microwaves for SPPS 
has gained in popularity as it has provided significant 
improvement in terms of speed, purity, and yields, 
particularly in the synthesis of long and ”difficult”peptide 
sequences. Thus, precise microwave heating has emerged 
as a new parameter to be considered for SPPS, in addition 
to choice of coupling reagents, resins and solvents. The 
synthesis of peptidomimetics and N-methylated peptides, 
often requires incorporation of modified or non-
proteinogenic amino acids. These amino acids are often 
expensive and as a consequence not used in large excess 
in peptide assembly. Microwave heating has the potential 
to increase yields in couplings of these amino acids, even 
when used in low excess, making this type of acylation 
chemistry affordable. We have previously reported on 
microwave heating to promote a range of solid-phase 
reactions in SPPS. Here we present the recent applications 
of a new, flexible automated instrument, the Syro 
WaveTM, for the application of precise microwave heating 
in SPPS. The instrument incorporates a modified Biotage 
Initiator microwave instrument and the Syro I parallel 
peptide synthesizer from MultiSynTech, thus the 
instrument retains it parallel capability while additionally 
having a single channel microwave reactor. The solvent 
handling is achieved by a robotic arm and the mixing is 
performed by vortexing. N-methylated peptides were 
prepared using commercially available N-methylated 
Fmoc-amino acids. The N Methylated peptides were 
prepared using microwave-assisted SPPS giving the 
desired peptides in high purity. 
 
P095. Abstract number: 330 
Tridegin - insights into the synthesis and bioactivity of 
a factor XIIIa-inhibitor 
TK Kühl1, R Coch1, T Steinmetzer2, D Imhof1
1Center for Molecular Biomedicine, Friedrich Schiller 
University, JENA, Germany 
2Philipps University Marburg, MARBURG, Germany 
A major concern regarding the origin and development of 
different cardiovascular diseases is the pathophysiological 
role of factor XIII/factor XIIIa, a transglutaminase from the 
blood coagulation cascade [1]. Moreover, there are reports 
indicating that increased levels of factor XIIIa in humans 
are involved in atherosclerosis or Alzheimer’s disease [2, 
3].  
For a better understanding of these processes studies with 
effective enzyme inhibitors are indispensible, while at the 
same time such compounds could have therapeutic 
potential. Up to now the most effective inhibitor for factor 
XIIIa is Tridegin, a 66-mer disulfide-bridged peptide 
isolated from the Amazon leech Haementeria ghilianii [1]. 
Due to aspects such as low yields and impurities which 
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have been described for the isolation from leech glands or 
the recombinant expression [1, 4], we decided to 
investigate different methods for chemical synthesis. In 
addition, another important aspect concerning the 
therapeutic potential of Tridegin is the elucidation of 
specific amino acid positions essential for drug 
development. Both, the preparation of Tridegin as well as 
the bioactivity of this peptide and a series of analogs will be 
reported.  
[1] Finney, S., L. Seale, R.T. Sawyer, R.B. Wallis (1997) 
Tridegin, a new peptidic inhibitor of factor XIIIa, from the 
blood-sucking leech Haementeria ghilianii. Biochem. J. 
324, 797-805.  
[2] AbdAlla S., H. Lother, A. Langer, Y. El Faramawy, U. 
Quitterer (2004) Factor XIIIA Transglutaminase Crosslinks 
AT1 Receptor Dimers of Monocytes at the Onset of 
Atherosclerosis. Cell 119, 343-354.  
[3] Yamada T., Y. Yoshiyama, N. Kawaguchi, A. Ichinose, 
T. Iwaki, S. Hirose, W.A. Jefferies (1998) Possible Roles of 
Transglutaminases in Alzheimer’s Disease. Dementia and 
geriatric cognitive disorders 9, 103-110.  
[4] Patent application WO2003054194 
 
P096. Abstract number: 331 
Bioactive cysteine-rich peptides are interesting targets 
for oxidative folding and native chemical ligation in 
ionic liquids 
A Miloslavina1, A Stark2, D Imhof1
1Center for Molecular Biomedicine, Friedrich Schiller 
University, JENA, Germany 
2Institute of Technical and Environmental Chemistry 
Friedrich Schiller University, JENA, Germany 
Disulfide bridges play an essential role in maintaining 
biologically active conformations of several natural and 
synthetic peptides. Disulfide bridge formation in peptides 
either occurs in solution at high dilution by means of redox 
active agents or in light basic conditions or on a solid 
support (on-resin oxidation) [1]. In addition, cysteine 
residues are involved in the selective formation of a stable 
covalent peptide bond by native chemical ligation (NCL) 
[2]. A new promising method of disulfide bridge formation 
in biocompatible ionic liquids (ILs) was proposed to 
possess many advantages compared to other existing 
methods commonly used [3,4]. For selected targets it was 
found that the reaction outcome of desired product 
depends on the structure of the IL, its hydrogen bond 
acceptance properties and the ability to interact with the 
solute, as well as the chain length, the sequence and the 
net charge of the peptides [4]. Several peptides differing in 
their cysteine content, disulfide bridge pattern and structure 
have been chosen to investigate their synthetic generation 
and structure-activity-relationships. Completion of oxidative 
folding and NCL was monitored and characterized using 
several analytical and biochemical methods. Biological 
activities of the peptides (e.g. different conotoxins) were 
investigated by respective assays in order to confirm 
correct folding or ligation to the desired product.  
[1] A. K. Galande, R. Weissleder, C. H. Tung, J. Comb. 
Chem. 2005, 7, 174.  
[2] a) Dawson, P.E., Muir, T.W., Clark-Lewis, I., Kent, S.B., 
Science, 266, 1994, 777. b) Kent, S.B., J. Pept. Sci. 2003, 
9, 574.  
[3] A. A. Miloslavina, E. Leipold, M. Kijas, A. Stark, S. H. 
Heinemann, D. Imhof, J. Pept. Sci. 2009, 15, 72.  
[4] A. Miloslavina, C. Ebert, T. D., O. Ohlenschläger, C. 
Englert, M. Görlach, D. Imhof, Peptides 2010, in press.  
 
 P097. Abstract number: 333 

Oxidation of methionine occurring in TFA treatment of 
peptides on Sieber amide resin 
YN Nishiuchi, T Teshima, M Taichi 
Peptide Institute, Inc., IBARAKI, Japan 
Sieber resin loading the xanthenyl (Xan) linker can be 
cleaved using very low concentrations of TFA (1-2%) [1]. 
This allows the Fmoc/tBu peptide synthesis of peptide 
amides and carboxamides to be produced with their 
protecting groups intact. These are used for the 
subsequent fragment condensation reaction performed 
either in solution or on a solid support to assemble larger 
peptides. Moreover, the acid-lability with this linker is 
suitable to produce acid-susceptive derivatives such as O- 
and N-glycosides, sulphate ester and phosphorylated 
ones. However, the TFA treatment of the peptide on Sieber 
resin, regardless of its concentrations, was found to be 
accompanied by a significant extent of Met-sulfoxide 
formation. In particular, the addition of triisopropylsilane 
(TIS) as a quenching agent to the TFA reaction mixture 
accelerated Met(O) formation rather than suppressing it. 
As for Boc/Bzl peptide synthesis mediated by 
phosphonium or uronium reagents, the Xan group on the 
Asn residue is routinely employed as a temporary 
protecting group to suppress dehydration of its side chain 
amide [2]. After incorporation of the Asn residue, the Xan 
group can be simultaneously removed by the TFA 
cleavage conditions necessary for removal of the Boc 
group. During this step, by the same token, the Met residue 
located on the peptide resin was also found to be 
considerably oxidized. To fine out measures to this side 
reaction associated with the use of the Xan group, a model 
peptide, Met-enkephalinamide, was subjected to various 
TFA conditions in the presence of Sieber resin, Asn(Xan) 
or xanthene.  
1. Sieber, P. Tetrahedron Lett., 1987, 28, 2107-2110.  
2. Nishiuchi, Y., Nishio, H., Inui, T., Bódi, J., Kimura, T. J. 
Pept. Sci., 2000, 6, 84-93.  
 
P098. Abstract number: 346 
The oxime-based family of coupling reagents 
R Subirós-Funosas1, A El-Faham2, F Albericio3

1Institute for Research in Biomedicine, BARCELONA, 
Spain 
2Department of Chemistry, Faculty of Science, Alexandria 
University, ALEXANDRIA, Egypt 
3Department of Organic Chemistry, University of 
Barcelona, BARCELONA, Spain 
The recent discovery of the explosive nature of 
benzotriazole-based additives (HOBt, HOAt, 6-Cl-HOBt) 
and derived onium salts has prompted the search for a 
new family of reagents. With the aim to fill the gap in the 
methodology for amide formation, oximes were found to be 
a promising scaffold for developing new safe and efficient 
reagents. Thus, Oxyma [ethyl 2-cyano-2-
(hydroxyimino)acetate] and its parent uronium salt COMU, 
which are commercially available, were studied 
exhaustively.1,2 These compounds showed high control of 
optical purity, solubility, stability, and outstanding 
performance in the assembly of sterically hindered 
sequences. Both reagents are compatible with microwave 
irradiation and comply with thermal safety requirements, as 
shown by DSC and ARC calorimetry assays.3 In view of 
these excellent results, we seek to increase the scope of 
available reagents with novel oxime-based reagents.  
Phosphonium salt PyOxP, easily obtained in a one-pot 
procedure from Oxyma, is presented as a superior reagent 
for slow couplings such as the assembly of peptide 
fragments or cyclizations. This reagent shows enhanced 
solubility, stability and efficacy in linear and cyclic peptide 



76

Posters 068- 114: Peptide Synthesis and Technology 

models, compared with PyAOP, PyBOP and PyClock. 
Other oxime scaffolds have been designed, like the one 
derived from Meldrum’s acid (HONM). Although the 
suitability of HONM as additive is compromised by the 
appearance of side reactions caused by its high reactivity, 
its parent uronium salts have proved to be useful reagents 
for the acylation of poor nucleophiles, presumably because 
of the presence of a neighboring group effect. The 
dimethylmorpholino-HMMU is a reliable alternative for 
peptide bond formation, ensuring low racemization and 
high coupling extentions. Finally, the need for Fmoc/Alloc-
introducing reagents also focused our efforts on the 
development of oxime carbonates. N-
Hydroxypicolinimidoyl cyanide derivative analogues were 
found to combine efficient protection of the N-terminus with 
the absence of side-products, such as dipeptides.  
1 R. Subirós-Funosas, R. Prohens, R. Barbas, A. El-
Faham, F. Albericio.Chem. Eur. J., 2009, 15, 9394 - 9403.  
2 A. El-Faham, R. Subirós-Funosas, R. Prohens, F. 
Albericio. Chem. Eur. J., 2009, 15, 9404 - 9416.  
3 R. Subiros-Funosas, G. A. Acosta, A. El-Faham, F. 
Albericio.Tetrahedron Lett., 2009, 50, 6200-6202. 
 
P099. Abstract number: 350 
A new peptide-based scaffold of six-helical bundle for 
bio-mimic studies 
K Liu1, Y Bai2, L Yanbo1, S Weigo1, J QIyan1

1Beijing Institute of Pharmacology & Toxicology, BEIJING, 
China 
2Institute of Polymer Chemistry, Nankai University, 
TIANJIN, China 
In past twenty years, peptide-based bio-mimic systems 
were insensitively studied worldwide. From small peptides 
to the dendrimers, α-Helixes and 4-helical bundles of 
peptides were tested as scaffolds 1-3. Construction of 
framework and positioning the key functional groups on a 
scaffold as natural biomacromolecules are the key points 
for the design of artificial enzymes. Therefore, a robust and 
alterable scaffold is required for bio-mimic studies and 
applications. Recently we used C34/N36 six-helical bundle 
(6HB), which is part of intermediate core structure formed 
during the cell fusion of HIV-1 gp41 with its target, as 
scaffold to mimic function of biomacromolecules. In the 
beginning of our study, we built up a multiple-His 6HB as 
an artificial hydrolase to test its stability and activity. The 
sequences of the peptides were designed by combining 
the X-ray crystal structure of C34/N364 and molecular 
modeling. Histidine residues can function as nucleophiles 
or general base in their unprotonated form, and as general 
acid and hydrogen-bond donors in their protonated form. 
The well formed 3-D structure and the stability of 6HBs 
with multiple His mutations were confirmed by N-PAGE, 
SE-HPLC, CD spectrum, Tm measurement and micro-
DSC. The new 6HB system can catalyzed the hydrolysis of 
p-nitrophenyl acetate (PNPA) which was wildly used as 
substrate for artificial enzyme assay. One of 6HBs, 
C34H13H20/N36H15H22 showed enzyme-like saturation 
kinetics, and gave a KM of 598.9µM, kcat of 2.19 -10-3 sec-1, 
kcat/kuncat of 607 and kcat/KM of 3.66M-1sec-1 by the data 
analysis. The data showed obviously catalytic efficiency of 
the 6HB formed with C34H13H20/N36H15H22. KM is referred to 
affinity of substrate to enzyme. The KM value of the system 
is clearly smaller and means higher affinity to the substrate 
than most other artificial catalysts.  
1. Schmuck, C.; Michels, U.; Dudaczek, J. Organic & 
Biomolecular Chemistry 2009, 7, 4362-4368.  
2. Delort, E.; Nguyen-Trung, N. Q.; Darbre, T.; Reymond, 
J. L. Journal of Organic Chemistry 2006, 71, 4468-4480.  

3. Broo, K. S.; Brive, L.; Ahlberg, P.; Baltzer, L. Journal of 
the American Chemical Society 1997, 119, 11362-11372.  
4. Chan, D. C.; Fass, D.; Berger, J. M.; Kim, P. S. Cell 
1997, 89, 263-273.  
 
P100. Abstract number: 358 
Improved synthesis of backbone and macrocyclic 
peptides: application to PKB, gp120 and integrase 
inhibitors 
A Gilon, Y Tal-Gan, S Jubran, Y Barda, Z Hayouka, A 
Swed, A Levine, A Friedler, A Hofmann, M Kotler, A Loyter, 
S Klein, A Levitzki, M Hurevich 
Hebrew University, JERUSALEM, Israel 
Cycloscan is a method that enables the fast discovery of 
peptido- and proteinomimetic molecules with desired 
pharmacological properties (e.g. metabolic stability, 
selectivity and intestinal permeability) [1]. Cycloscan is 
based on the synthesis of backbone cyclic focused libraries 
with conformational diversity, namely all the members of 
the library have the same sequence of the parent peptide 
or the active region of the protein. Screening of these 
libraries leads to the discovery of the desired peptido- or 
proteinomimetic. Some of the drawbacks of backbone 
cyclization, that limited its use, are synthetic problems 
derived from the cumbersome synthesis of protected 
building units, their incorporation into peptides and the 
cyclization step. We have developed (i) a facile, large scale 
synthesis of Allyl protected Gly building units (AGBU) (ii) 
the incorporation of AGBUs into backbone cyclic peptide 
using automatic SPPS (iii) facile synthesis of backbone to 
backbone cyclic peptides with on resin urea cyclization [2] 
(iii) microwave assisted solid phase synthesis of focused 
macrocyclic libraries with regio, stereo and conformational 
diversity. The synthetic improvements led to the discovery 
of potent substrate inhibitors of PKB, potent cell permeable 
inhibitors of integrase and an orally available macrocyclic 
entry inhibitor of HIV-1 replication. We hope that the 
synthetic improvements will facilitate the synthesis of 
backbone- and macrocyclic peptide- and proteinomimetics.  
[1] Gilon C., Mang C., Lohof E., Friedler A. and Kessler H.; 
Houben-Weyl: Methods of Organic Chemistry. Vol. E 22b: 
Synthesis of Peptides and Peptidomimetics; Eds.: M. 
Goodman, A. Felix, L. Moroder, C. Toniolo; Thieme Verlag, 
Stuttgart, New York 2003, 461-542.  
[2] Mattan Hurevich, Yftah Tal-Gan, Shoshana Klein, Yaniv 
Barda, Alexander Levitzki , Chaim Gilon, Journal of 
Peptide Science, 2010, 16, 178 - 185.  
 
P101. Abstract number: 379 
Fmoc SPPS of peptide thioesters: Towards new 
pyroglutamyl-like linkers 
B Rasmussen1, JB Christensen1, KJ Jensen1, T Hoeg-
Jensen2

1University of Copenhagen, KØBENHAVN Ø, Denmark 
2Novo Nordisk, MAALOEV, Denmark 
The use of C-terminal peptide thioesters in synthetic 
protein chemistry has inspired the search for optimal solid-
phase peptide synthesis (SPPS) strategies for their 
assembly. Thioesters are not directly available by standard 
Fmoc SPPS due to the sensitivity of the thioester linkers to 
the piperidine used for repeated Fmoc removals. Instead, 
several two-step protocols have been described. We 
recently reported a new strategy for SPPS of peptide 
thioesters by activation of a peptide backbone amide bond 
via first formation and then thiolysis of a pyroGlutamyl 
(pGlu) imide functionality in the peptide backbone (Tofteng 
et al, Angew. Chem. 2009, 7411). This linker strategy is 
based on the proteinogenic amino acid Glu, however, to 
enable more facile ring-closure and thiolysis we have 
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studied new potential linkers for the formation of a pGlu-
like structure.  
Here we report studies on o-carboxy-phenylglycine and 4-
fluoro-glutamic acid, which are either sterically restricted, 
thus pursuing easier pGlu-like ring closure in-chain, and/or 
structures which are more acidic at their amide function 
than pGlu, thus pursuing better leaving group abilities. 
 
P102. Abstract number: 386 
Engineering of Amyloid-β-Binding Affibody Molecules 
for Improved Chemical Synthesis and Higher Binding 
Affinity 
S Lindgren1, L Abrahmsén2, S Wärmländer3, A Eriksson 
Karlström1

1Royal Institute of Technology, STOCKHOLM, Sweden 
2Affibody AB, STOCKHOLM, Sweden 
3Stockholm University, STOCKHOLM, Sweden 
The oligomerization and aggregation of Amyloid-β (Aβ) 
peptide is generally considered to be one of the most 
important contributors to the onset and progression of 
Alzheimer’s disease (AD). Selective and high affinity 
binding proteins directed towards Aβ peptide are important 
tools to better understand the aggregation process and 
could possibly be used for diagnosis and treatment of AD.  
Affibody molecules, based on the engineered domain Z 
derived from the B domain of staphylococcal protein A, are 
a class of affinity proteins with several advantageous 
properties, such as small size (58 aa), permitting the use of 
peptide synthesis for the production, and rapid and 
reversible folding.  
An Affibody molecule (ZAβ3) previously selected by phage 
display has been shown to bind Aβ peptide with nanomolar 
affinity and to inhibit Aβ-peptide aggregation.1, 2, 3 By using 
chemical synthesis for the production of this protein, 
various chemical modifications of the molecule such as 
introduction of unnatural amino acids or site-specific 
labeling with reporter groups are possible. We here 
describe the design, synthesis and evaluation of six N-
terminally truncated variants, together with a full-length 
version of the ZAβ3 Affibody molecule.  
The ZAβ3 Affibody molecules were prepared by Fmoc solid 
phase peptide synthesis (SPPS) and their affinities to Aβ 
peptide (1-40) were determined by surface plasmon 
resonance (SPR)-based biosensor analysis. Our results 
show that three of the truncated variants can be produced 
in considerably higher yield than the full-length protein. The 
synthetic yields of ZAβ3(18-58), ZAβ3(15-58) and ZAβ3(12-58) 
were 35%, 30% and 29%, respectively, while the yield of 
the full-length protein, ZAβ3(1-58), was only 8% using the 
same reaction conditions.  
When analyzed by SPR, the shortest variant, ZAβ3(18-58), 
showed a complete loss of binding to Aβ(1-40), whereas 
both ZAβ3(12-58) and ZAβ3(15-58) displayed approximately 
a ten-fold increased affinity for Aβ(1-40) compared to the 
full-length protein.  
In conclusion, our work shows that the N-terminally 
truncated Affibody variants ZAβ3(12-58) and ZAβ3(15-58) are 
improved versions of ZAβ3, both in terms of synthetic yield 
and binding affinity. We suggest that they are promising 
molecules for further engineering and use for the studies of 
Aβ peptides.  
1. Gronwall, C. et al (2007) J Biotechnol 128, 162.  
2. Hoyer, W. et al (2008) Proc Natl Acad Sci U S A 105, 
5099.  
3. Luheshi, L. M. et al (2010) PLoS Biol 8, e1000334. 
 
P103. Abstract number: 413 
Chemical Synthesis of Fluorescent-Labeled Affibody 
Molecules for Use in Cancer Diagnostics 

K Perols, A Eriksson Karlström 
Royal Institute of Technology (KTH), School of 
Biotechnology, STOCKHOLM, Sweden 
Affibody molecules are a class of affinity proteins, which is 
based on the non-immunoglobulin Z domain, derived from 
staphylococcal protein A. The Z domain is a three-helix 
bundle protein, where 13 residues in helices 1 and 2 have 
been randomized to generate a combinatorial Affibody 
library, from which binders to a variety of different target 
proteins have been selected by phage display. The protein 
is only 58 amino acid residues, making it suitable for 
production by solid phase peptide synthesis.  
In the present study, two Affibody molecules targeting 
known cancer biomarkers, EGFR [1] and HER2 [2], have 
been synthesized. Both targets belong to the epidermal 
growth factor receptor (ErbB) family, which is involved in 
signal pathways regulating processes such as cell 
proliferation and differentiation. High expression of HER2 
has been associated with different types of cancer, such as 
breast, ovary and bladder cancer. Similar findings have 
been reported for EGFR, which is up-regulated in many 
different human cancers.  
The Affibody molecules were synthesized in high yield on 
solid phase by Fmoc/tBu chemistry with a C-terminal Cys-
Gly dipeptide extension to enable site-specific labeling with 
fluorophores in solution by maleimide chemistry. The 
Affibody molecules were conjugated to three fluorophores, 
which have high fluorescence quantum yield and high 
photo-stability; ATTO-488, ATTO-594 and ATTO-647N 
(Atto-Tec Gmbh, Siegen). The fluorescent-labeled Affibody 
molecules have subsequently been used in high resolution 
fluorescence microscopy and fluorescence correlation 
spectroscopy to study the relative expression, spatial 
distribution and dynamics of the EGFR and HER2 proteins 
in human breast cancer cell lines, with the aim of 
identifying differences that can be of diagnostic or 
prognostic value in the analysis of patient samples.  
1. Friedman, M., Orlova, A., Johansson, E., Eriksson, T. L., 
Höidén-Guthenberg, I., Tolmachev, V., Nilsson, F. Y. & 
Ståhl, S. (2008)  J. Mol. Biol., 376, 1388-402.  
2. Orlova, A., Magnusson, M., Eriksson, T. L., Nilsson, M., 
Larsson, B., Höidén-Guthenberg, I., Widström, C., 
Carlsson, J., Tolmachev, V., Ståhl, S. & Nilsson, F. Y. 
(2006) Cancer Res., 66, 4339-4348. 
 
P104. Abstract number: 422 
Oxyfold : a new solid supported reagent for the simple 
and effective formation of disulfide bond in peptides 
L Ronga1, P Verdie2, M Cristau2, M Amblard2, S Cantel2, C 
Enjalbal2, K Puget1, G Subra2, J Martinez2

1GENEPEP SA, SAINT CLÉMENT DE RIVIÈRE, France 
2Institut des Biomolécules Max Mousseron (IBMM) 
UMR5247 CNRS-Univ Montpllier I&II, MONTPELLIER, 
France 
The importance of disulfide bridges in peptide conformation 
and activity make their formation a fundamental step of 
peptide synthesis. Formation of disulfide bond is probably 
one of the most challenging steps to achieve regarding the 
formation of unwanted by-products and oligomerization. In 
order to minimize the latter phenomenon, disulfide bridge 
cyclizations are performed under high diluted conditions 
which require time consuming removal of solvent at the 
end of the reaction. Dimethyl sulfoxide (DMSO) is one of 
the oxidizing reactants most commonly used for this. One 
of its major drawbacks is its elimination from the reaction 
medium, which requires evaporation under strong vacuum 
or repeated lyophilizations. Furthermore, the dimethyl 
sulfide generated during the reaction is volatile and 
toxic.On the other hand, supported reactants are 
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particularly advantageous for promoting intramolecular 
reactions. In fact, they are known to cause a phenomenon 
of ”pseudodilution”which makes it possible to minimize 
oligomerization and to use much smaller amounts of 
solvents [2].Here we present the synthesis and the use of 
novel oxidation reactants on solid support for disulfide 
bond formation. This family of supported reagents consists 
in a series of oxidized methionines grafted by step-wise 
SPPS or methionine N-carboxyanhydride oligomerization 
on solid support. The formation of disulfide bond in 
peptides is carried out in aqueous solutions and the 
desired peptide is recovered by filtration from the resin. We 
demonstrate the efficiency and easiness of these 
supported reagents for the formation of disulfide bridges in 
peptide.Their characteristics make the use of our 
supported reagents a fast, cheap and green procedure for 
disulfide bridge formation.References1. J.P. Tam, C-R Wu, 
W. Liu, J-W Zhang, J. Am. Chem. Soc. (1991) 113, 6657.2. 
R. Shi, F. Wang and B. Yan J. Int. J. Pept. Res. Ther. 
(2006), 13, 213. 
 
P105. Abstract number: 461 
A study on the microwaves synthesis of somatostatin 
dicarba-analogues 
L. M. Lumini, G Cane, A Di Cianni, AM Papini, M 
Ginanneschi 
Laboratory of Peptide & Protein, Chemistry & Biology, 
SESTO FIORENTINO (FI), Italy 
We previously synthesised several octreotide dicarba-
analogues lacking the disulfide bridge via Ring Closing 
Metathesis (RCM) on linear sequences containing 
allylglycines in strategic positions [1;2]. The RCM reaction 
was firstly performed in an oil bath, with second generation 
Grubb’s catalyst and under severe experimental conditions 
i.e. anhydrous argon atmosphere and long reaction times 
[3;4]. Subsequently, we assayed the microwaves assisted 
technique (MW) that emerged as the more effective for the 
cyclopeptides yields as well as for shortening the reaction 
times. Moreover, we found that MW works well also on 
specific sequences containing alkenyl glycines where the 
classical oil heating failed. In particular, we evaluated the 
efficacy of the MW for obtaining cyclic octa-mer-peptide 
ring of somatostatin dicarba-analogues. Surprisingly, we 
noticed that the classical oil-bath RCM did not work well on 
our octa-peptide linear chain. Moreover, it clearly resulted 
that the yields in cyclopeptides where in any case strictly 
related to the aminoacid sequences. We, therefore, 
investigated the different MW methods in order to 
comprehend which variables played an important role in 
the RCM reaction. In fact, not all the methods give the 
same results and it’s important to comprehend which is the 
decisive variable among MW power, time and temperature. 
Once we found an appropriate MW method, we focused 
our attention on improving the reaction conditions, in order 
to increase yields and reduce reaction times.  
[1] Carotenuto, A.; D’Addona, D.; Rivalta, A.; Chelli, M.; 
Papini, A. M.; Rovero, P.; Ginanneschi, M.; Lett. Org. 
Chem.; 2, 274-279, 2005.  
[2] D’Addona, D.; Carotenuto, A.; Novellino, E.; Piccand, 
V.; Reubi, J. C.; Di Cianni, A.; Gori, F.; Papini, A. M; 
Ginanneschi, M.; J. Med Chem.; 51, 512-520, 2008.  
[3] Kappe, C. O.; Angew Chem Int Ed Engl., 43, 6250-
6284, 2004.  
[4] Robinson, A. J.; Elaridi, J; Van Lierop, B. J.; Mujcinovic, 
S.; Jackson, W. R. Peptides. J. Pept. Sci., 13, 280-285, 
2007.  
 
 
P106. Abstract number: 464 

Microwave-assisted solid phase synthesis of 
[Asn641(Glc)]FAN(635-655): a new case study for 
optimisation of glycopeptide synthesis 
F Rizzolo, F Nuti, S Pandey, M Chelli, P Rovero, AM 
Papini 
Laboratory of Peptide & Protein Chemistry & Biology, 
University of Florence, SESTO FIORENTINO (FI), Italy 
One of the best known PTMs affecting proteins before their 
synthesis is complete is represented by glycosylation. It is 
clear that defects in glycosylation or aberrant glycosylation 
of proteins from their native state are found to be extremely 
important for the identification of neoantigen recognized as 
non-self, and thus triggering an autoimmune response.  
Factor associated with neutral sphingomyelinase activation 
(FAN) represents a member of the WD-repeat family of 
proteins that includes mainly regulatory proteins.1 Even if 
FAN is expressed in different human tissues, a 
bioinformatic study revealed high sequence homology of 
the fragment 635-655 of this protein with CSF114(Glc), the 
synthetic glycopeptide developed to detect antibodies in 
Multiple Sclerosis (MS) patients’ sera.2 As FAN(635-655) is 
characterized by the minimum consensus pattern for N-
glycosylation of asparagine residues (Asn-Xaa-Ser/Thr, 
where Xaa is any amino acid except Proline), we 
investigated a possible involvement of this peptide as 
linear natural epitope of antibodies in MS.  
The bottleneck of this study was to obtain by Solid-Phase 
Peptide Synthesis (SPPS) [Asn641(Glc)]FAN(635-655) in 
high purity and good yield to test in immunoenzymatic 
assays on sera. In fact conventional SPPS protocol failed 
during the coupling of the sterically hindered building block 
Fmoc-Asn(GlcOAc4)-OH and of other bulky amino acid 
residues. Therefore, we optimized the synthesis of this 
glycopeptide using microwave irradiations.3 Moreover 
considering the formation of sequence-specific secondary 
structures reducing reagents penetration and decreasing 
reaction rates in both coupling and deprotection steps, 
thermal disruption of peptide aggregation induced by 
microwaves, was demonstrated to be favourable for 
obtaining this particularly difficult sequence.  
1. S.Adam-Klages, D. Adam, K. Wiegmann, S. Struve, W. 
Kolanus. Cell Press 1996, 86, 937-947.  
2. F. Lolli, B. Mulinacci, A. Carotenuto, B. Bonetti, G. 
Sabatino, B. Mazzanti, A.M. D’Ursi, E. Novellino, M. 
Pazzagli, L. Lovato, M.C. Alcaro, E. Peroni, M.C. Pozo-
Carrero, F. Nuti, L. Battistini, G. Borsellino, M. Chelli, P. 
Rovero, A.M. Papini. Proc. Natl. Acad. Sci. USA 2005, 102, 
10273-10278.  
3. F. Rizzolo, G. Sabatino, M. Chelli, P. Rovero, A.M. 
Papini. Int. J. Pept. Res. Ther. 2007, 13, 1-2, 203-208. 
 
P107. Abstract number: 479 
Conventional and microwave-assisted SPPS 
approach: a comparative study of PTHrP(1-34) 
synthesis 
F Rizzolo1, C Testa1, M Chorev2, M Chelli1, P Rovero1, AM 
Papini1
1Laboratory of Peptide & Protein Chemistry & Biology, 
University of Florence, SESTO FIORENTINO (FI), Italy 
2Laboratory for Translational Research, Harvard Medical 
School, CAMBRIDGE, United States of America 
Parathyroid hormone (PTH) is an 84-amino acid 
polypeptide playing a significant role in calcium 
homeostasis. Parathyroid hormone-related peptide 
(PTHrP) is a distant homologue of PTH and is not a true 
hormone. It is synthesized in cartilage and in many more 
tissues than parathyroid hormone, and its secretion is not 
regulated by serum calcium. It mimics the actions of PTH 
as a result of its structural homology and its ability to bind 
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and signal via the PTH/PTHrP receptor in bone and 
kidney.1  
Based on the amino acid sequence, it was deduced that 
the first 34 amino-terminal amino acids should be sufficient 
for biological activity. Availability of highly purified 
parathyroid polypeptide and active synthetic fragments 
made it possible to develop radioimmunoassay.  
Considering the presence of sterically hindered amino acid 
residues in the sequences, such as Arginine and 
Phenylalanine between position 19-23, and the length of 
the peptide, we optimised the synthesis of PTHrP(1-34), 
comparing conventional Solid-Phase Peptide Synthesis 
(SPPS) protocol with a microwave-assisted one.  
T.J. Gardella, M.D. Luck, A.K. Wilson, H.T. Keutmann, 
S.R. Nussbaum, J.T. Potts, Jr. and H.M. Kronenberg,. J. 
Biol. Chem. 1995, 270, 6584-6588. 
 
P108. Abstract number: 503 
Microwave-assisted total synthesis of macrocyclic 
cystine knot miniproteins 
SK Park, S Gunasekera, T Aboye, U Göransson 
Division of pharmacognosy, Uppsala university, UPPSALA, 
Sweden 
Cyclotides are mini-proteins of approximately 30 amino 
acids residues that have a unique structure consisting of a 
head-to-tail cyclic backbone with a knotted arrangement of 
three disulfide bonds [1]. This unique structure provides 
exceptional stability to chemical, enzymatic and thermal 
treatments [2,3]. Cyclotides display various bioactivities, 
such as anti-HIV, uterotonic, cytotoxic, and insecticidal 
activity [4]. Due to the unique structural stability, cyclotides 
have been implicated as ideal drug scaffolds and for 
development into agricultural and biotechnological agents 
[2]. In the current work, we represent the first method for 
total synthesis of cyclotides based on Fmoc-SPPS 
assisted by microwave. This protocol adopts a strategy that 
combines the optimized microwave assisted chemical 
reactions for Fmoc-SPPS of peptide backbone synthesis, 
thioesterification of the C-terminal carboxylic acid of the 
peptide and a one pot reaction that promotes cyclisation 
through native chemical ligation and oxidative folding. The 
application of this protocol was exemplified for the 
synthesis of two prototypic cyclotides; kalata B1 and 
MCOTI-II.  
[1] Teshome Leta Aboye, David J. Craik, and Ulf 
Göransson et al, ChemBioChem. 2008, 9, 103-113  
[2] Sunithi Gunasekera, and David J. Craik et al, IUBMB 
Life. 2009, 58, 515-524  
[3] Julie L. Dutton, Rosmary F. Renda, and David J. Craik 
et al, J. Biol. Chem. 2004, 279, 46858-46867  
[4] Shane M. Simonsen, Lillan Sando, and David J. Craik 
et al. J. Biol. Chem. 2008, 283, 9805-9813 
 
P109. Abstract number: 514 
Racemization in Automated Solid Phase Peptide 
Synthesis 
K Darlak, M Darlak, T Hopkins 
CreoSalus, LOUISVILLE, United States of America 
Automation of solid phase peptide synthesis has become 
an essential tool in laboratories synthesizing large numbers 
of peptides. The most widely applied methodologies utilize 
Fmoc-protection in combination with uronium/phosphonium 
activating agents for synthesis of peptides on a solid 
support. Racemization occurring during the activation 
process is an important side reaction which has been 
extensively studied by others. In our recently presented 
studies we tested levels of racemization occurring during 
automated peptide synthesis with two of the most sensitive 
amino acids, cysteine and histidine. We will extend our 

work to other common amino acids. The model peptides 
having a general formula Z-Ile-Xxx-Pro-OH will be used in 
these studies. We will reevaluate the degree of 
racemization of several amino acids (Arg, Asp, Leu, Phe, 
Ser, Tyr) using a selection of currently available activating 
agents applied to a typical automated peptide synthesis 
with an in-situ activation method. HPLC analysis will be 
used to evaluate the extent of racemization during their 
incorporation in peptide synthesis. 
 
P110. Abstract number: 517 
Microwave-assisted solid phase synthesis of collagen 
peptides 
FN Nuti1, F Rizzolo1, F Gori2, M Chelli1, P Rovero2, L 
Moroder3, AM Papini1
1Laboratory of Peptide & Protein Chemistry & Biology, 
University of Florence, SESTO FIORENTINO (FI), Italy 
2Department of Pharmaceutical Sciences, University of 
Florence, SESTO FIORENTINO, Italy 
3Max-Planck-Institute of Biochemistry, MARTINSRIED, 
Germany 
Rheumatoid arthritis (RA) is an autoimmune disease 
characterized by chronic inflammation of the joints. The 
primary protein in cartilage, type II collagen is crucial to 
joint health and function. Involvement of this homotrimeric 
collagen in the process of joint inflammation has proven 
difficult to substantiate. There are strong indications that 
citrullination, catalyzed by peptylarginine deiminase, is 
involved in autoantibody response in RA converting a 
nonimmunogenic protein into an autoimmunogenic one [1]. 
A diagnostic assay based on citrullinated peptides is 
considered a reliable marker of RA [2]. R and E residues in 
collagens are known to significantly contribute to the triple 
helix stability by electrostatic interactions [3] and are 
involved in sequential and spatial RGD motifs for cell 
adhesion processes [4]. To study the effect of a potential 
citrullination of R residues on the thermal stability of the 
collagen triple helix and on cell adhesion processes we 
selected collagen model peptides containing the cell 
adhesion epitope of collagen type I (GFOGER), flanked N- 
and C-terminally by two and three GPO triplets, 
respectively, to induce and stabilize triple helix formation. 
The synthesis of collagen model peptides containing larger 
numbers of the GPO triplets has been performed both in 
stepwise manner and with suitably protected GPO 
synthons to prevent with more or less success 
microheterogeneity deriving mainly from diketopiperazine 
formation. In the present work the efficiency of a MW-
assisted strategy for the stepwise synthesis of Arg and 
citrulline containing collagen model peptides was studied. 
Indeed upon the due optimization, the peptides were 
obtained by this procedure as crude products at a quality 
superior to that of standard protocols thus allowing for their 
purification in satisfactory yields. These results clearly 
indicate this strategy as an efficient alternative for collagen 
peptides. Thermal stability as monitored by CD served to 
analyze the effect of citrullination of a single Arg residue on 
the triple helix fold of the related self-associated 
homotrimers. ELISA assays performed with RA patients’ 
sera could be useful to be compared with the commercially 
available assay based on citrullinated peptide antigens  
[1] J. Ottl, L. Moroder et al J. Pept. Sci. 5, 1999, 103-110  
[2] A.M. Papini. J. Pept. Sci. 2009, 15, 621-628.  
[3] Persikov, A. V., et al. J. Biol. Chem. 2005, 280, 19343-
19349  
[4] Emsely, J. et al. Cell 2000, 101, 47-56  
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O-Glycopeptide Discovery Platforms for Seromic 
Profiling 
OB Blixt 
University of Copenhagen, COPENHAGEN, Denmark 
 We have developed high-throughput O-glycopeptides 
screening platforms for profiling of glycan binding proteins, 
monoclonal antibodies and disease-associated 
autoantibodies.  
Our O-glycopeptide microarray library is fabricated by a 
robotic solid-phase parallel peptide synthesizer followed by 
direct immobilization of crude glycopeptide mixtures on 
NHS-activated microarray glass surface. Since capping of 
deletion products is undertaken at every elongation cycle, 
only full-length structures will preserve the N-terminal 
amine, thus ensuring on-slide enrichment of desired 
glycopeptide products. This approach allows complete 
control of site(s) of GalNAc O-glycan occupancy and 
combined with on-slide enzymatic glycosylation with 
different polypeptide GalNAc-transferases and other 
elongating glycosyltransferases, an extended diversity in 
O-glycan density and O-glycan structures can be 
generated.  
Another high-throughput (HTP) methodology for seromic 
profiling is a random combinatorial O-glycopeptide library 
synthesized on PEGA beads. The glycopeptides are 
attached to the beads with a safety-catch cleavable linker 
easily released under mild conditions. Thus, beads 
showing positive reactivity with patient sera in an 
immunochemical assay can be selected out, released from 
the bead and sequenced by ESI-MSn methods. After 
identification, the glycopeptides are re-synthesized and 
validated using our microarray technology.  
We have also developed an antibody capture microarray 
for lectin glycoprofiling of captured serum proteins. This 
antibody array can also be charged with tumor specific 
glycopeptides and glycoproteins for seromic profiling of 
aoutoantibodies.  
Utility of these platforms in different screening applications 
will be discussed. 
 
P112. Abstract number: 545 
Proline editing: control of peptide and miniprotein 
structure and function via synthesis of diversely 
functionalized peptides 
N. J. Zondlo, D Naduthambi, A Pandey 
University of Delaware, NEWARK DE, United States of 
America 
Protein structure and protein function are tightly linked. In 
proline residues, proline ring pucker, and consequently 
protein main chain conformation (phi, psi, omega), is 
controllable by the stereochemistry, electronics, and sterics 
of substitution on the 4-position. We have developed a 
practical solid-phase approach to incorporate diverse 
functional groups with defined stereochemistry at the 4-
position of proline residues in peptides, allowing control of 
protein structure via stereoelectronic or steric effects. This 
approach has been applied to tune the stability of peptides 
and miniproteins, leading to tunability of miniprotein 
stability (Tm) of greater than 50 C. This approach has 
been broadly applied to allow incorporation of a wide range 
of functional groups, including fluorines, ketones, 
sulfonates, azides, amines, thiols, selenides, guanidiniums, 
alkynes, alkenes, alkyl halides, aryl halides, and 
dienophiles, with defined stereochemistry into peptides, 
utilizing no solution phase chemistry. This approach is 
generalizable to allow incorporation of multiple 
bioorthogonal functionalities into peptides, resulting in 
polyfunctional peptides that permit the ready synthesis of 
multidomain proteins. This approach has been applied to 

the synthesis of novel multidomain proteins for application 
to the development of novel smart biomaterials. 
 
P113. Abstract number: 548 
Efficient Direct Solid-Phase Synthesis of β-Amyloid (1-
42) Peptide Using Controlled Microwave Irradiation 
B Bacsa1, S Bosze2, CO Kappe3

1Eötvös loránd University, BUDAPEST, Hungary 
2Research Group of Peptide Chemistry, HAS, Eötvös 
Loránd University, BUDAPEST, Hungary 
3CDLMC and Institute of Chemistry, Karl-Franzens 
University, GRAZ, Austria 
Alzheimer’s disease is a neurodegenerative disorder 
characterized by extracellular accumulation of amyloid 
senile plaques within the brain tissue. The major 
proteinaceous component of amyloid deposit consists of 
aggregates of sparingly soluble β-amyloid peptides, which 
are derived from proteolytic cleavage of the amyloid protein 
precursor. Aβ (1-42) plays a crucial role in the 
pathogenesis of Alzheimer’s disease, forms β-sheet 
structures and amyloid fibrils which induces neurotoxicity 
both in vitro and in vivo experiments.  
The Aβ (1-42) peptide has received a considerable amount 
of attention in the peptide community during the last 
decades, and as one of the most prominent examples of a 
so-called ”difficult peptide”is well-known for its complexity 
of preparation. Therefore, the development of efficient 
direct and linear methods for the solid-phase synthesis of 
the Aβ (1-42) peptide are still of great importance.  
 
Herein, we report a rapid and simple protocol for the 
preparation of the β-amyloid (1-42) peptide employing a 
microwave-assisted Fmoc/tBu solid-phase method that 
utilizes standard N,N´-diisopropylcarbodiimide/1-
hydroxybenzotriazole (DIC/HOBt) coupling reagents. While 
standard solid-phase protocols typically result in peptides 
of poor quality, the application of controlled microwave 
heating provides the Aβ (1-42) peptide in high purity in only 
15 h of total processing time. Our best conditions utilized 5 
equiv of activated Fmoc-amino acid at a temperature of 86 
°C for 10 min coupling and 3 min deprotection time. The 
coupling of His residues was performed at room 
temperature to eliminate the effect of racemization for this 
sensitive amino acid. The comparison of cytotoxic effect of 
β-amyloid (1-42) peptide synthesized under microwave 
and conventionally heated conditions will be presented. 
 
P114. Abstract number: 553 
Rebuilding Protein Surfaces using Peptide Fixation 
Technologies 
P Timmerman, N Dailly, K Schwamborn, W Puijk 
Pepscan Therapeutics BV, LELYSTAD, The Netherlands 
Small mimics of proteins with intact bioactive surfaces, but 
with improved pharmacodynamic and kinetic properties, 
could be of great value in developing new drugs or 
therapies.  
We present three different examples of protein mimics, 
exploring the use of CLIPS technology for chemical fixation 
(Chemical LInkage of Peptides onto Scaffolds).[1] This 
proprietary technology quantitatively cyclizes linear 
peptides in solution, without the need for orthogonal side-
chain protection or the use of expensive catalysts. The 
technology is applicable to peptides in solution as well as 
on microarrays used e.g. in epitope mapping studies 
(PEPSCAN method).  
Our first case shows a protein mimic of the fertility 
hormone Follicle Stimulating Hormone (FSH). We 
designed CLIPS-based protein mimics covering the major 
part of the discontinuous b1-b3 epitope on hFSH-beta. 
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Immunization with these mimics successfully generated 
neutralizing antibodies against FSH, in case where the 
linear peptides failed to do so.[2]  
The second example involves a protein mimic (~25% of 
entire protein) of Vascular Endothelial Growth Factor 
(VEGF), that is involved in the growth of blood vessels and 
strongly upregulated in most tumor tissues. Data from a 
recent study in Swiss nu/nu mice clearly demonstrated the 
strong anti-tumor activity of antibodies generated by 
immunization with this VEGF-mimic.[3]  
Our final example illustrates the use of CLIPS technology 
in the mimicry of membrane-integrated proteins. One class 
in particular, i.e. the G-protein coupled receptors (GPCRs), 
receives enormous attention because ~60% of the 
currently used drugs is targeted against these. However, 
there is currently a lack of methods that allow antibody 
generation against intact or membrane-bound GPCRs. We 
have found that CLIPS technology can be used to address 
this problem and we will present in this lecture some of our 
results in this area.[4]  
1. Timmerman P, Beld J, Puijk WC, Meloen RH. Rapid and 
quantitative cyclization of multiple peptide loops onto 
synthetic scaffolds for structural mimicry of protein 
surfaces. ChemBioChem. 2005, 5, 821-824.  
2. Timmerman P, Puijk WC, Meloen RH. Functional 
reconstruction and synthetic mimicry of a conformational 
epitope using CLIPS technology. J. Mol. Recogn.. 2007, 
20, 283-299.  
3. Timmerman et. al. unpublished data.  
4. Timmerman et al., Functional reconstruction of 
structurally complex epitopes using CLIPS technology, 
Open Vacc. J..2009, 2, 56-67.  
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P115. Abstract number: 2 
Total solid-phase synthesis of N-acylated macrocycle 
depsipeptides for antibiotic screening 
CG Qin, J Ren, Q Wang, DW Li, G Cao 
Northwestern Polytechnical University, XI'AN, China 
In past decades, more and more cyclic peptides including 
acylated cyclodepsipeptides were separated and identified 
from terrestrial microorganisms and marine organisms. 
Generally, naturally occurring acylated cyclodepsipeptides 
contain unusual amino acids and building blocks. Most of 
them will offer a new frontier in both synthetic organic 
chemistry and biological activities. In particular, unique 
unusual structures will offer the challenge of exploitation of 
novel synthetic methods, reactions, reagents, catalysts, 
etc. However, practically, it is rather difficult to isolate a 
larger amount of naturally occurring acylated 
cyclodepsipeptides because of minute constituents in 
organisms, difficulty of collection of organisms, and 
resistance of laboratory culturing. Thus, the limits of the 
quantity preclude the precise structure determination as 
well as clarification of detailed biological activities. In fact, 
the proposed structures of many cyclic peptides have been 
revised by synthetic works. Thus, the total synthesis is still 
playing a final means for the structure determination of 
naturally occurring acylated cyclodepsipeptides just like 
several decades ago. Furthermore, the efficient large-scale 
production of naturally occurring acylated 
cyclodepsipeptides by synthesis will offer an opportunity to 
investigate their biological activities in detail. One of the 
characteristic features of cyclic peptides will be their 
conformational rigidity and stability in vivo, in contrast to 
their linear counterparts. In addition, unusual amino acid 
and non-amino acid moieties of naturally occurring 
acylated cyclodepsipeptides will offer the lead structures of 
new biologically useful compounds. On the basis of our 
previous work on total solid-phase synthesis of cyclic 
peptides, we establish and develop a totally novel chemical 
approach to synthesize daptomycin analogues by on-resin 
head-to-tail cyclization. This powerful and universal total 
solid-phase synthesis strategy will be applicable in the 
parallel preparation or one-bead one-peptide (OBOP) 
library of naturally occurring acylated cyclodepsipeptides 
and the artificial mimic derivatives for systematic research 
on the structure-activity relation (SAR) of potent lead 
antibiotic compounds. 
 
P116. Abstract number: 8 
Octapeptide ligands derived from the screening of 
combinatorial libraries with affinity for recombinant 
erythropoietin 
M.C.M.C. Martínez-Ceron1, M. M. M. Marani1, M. T. 
Taulés2, M. E. Etcheverrigaray3, F. A. Albericio4, O. C. 
Cascone1, S. A. C. Camperi1
1Faculty of Pharmacy and Biochemistry. University of 
Buenos Aires, BUENOS AIRES, Argentina 
2Serveis Cientificotècnics, Universitat de Barcelona, 
BARCELONA, Spain 
3Laboratorio de Cultivos Celulares., SANTA FE, Argentina 
4IRBBarcelona and CIBER-BBN, Barcelona Science Park, 
BARCELONA, Spain 
Recombinant erythropoietin (rhEPO) is used for 
therapeutics of anemia associated with chronic renal failure 
and for AZT-induced anemia of AIDS. Monoclonal antibody 
(mAb) affinity chromatography and dye affinity 
chromatography are alternative techniques nowadays in 
use for its purification. MAb are expensive, thus increasing 
the cost of the final product. Affinity chromatography with 
Cibacron Blue as the ligand is widely used, but the 
selectivity is not high. The use of short peptides as affinity 

chromatography ligands would result in a more economic 
and selective purification process. Divide-couple-
recombine (DCR) method allows obtaining a library with all 
possible combinations of the amino acids in the form of 
'one bead-one peptide'. Peptide ligands can be selected 
from the library screening. We have developed a rapid and 
non-expensive strategy for the identification of peptides 
contained on positive beads, by using matrix-assisted laser 
desorption/ionisation time-of-flight mass spectrometry 
(MALDI-TOF-MS), and 4-hydroxymethylbenzoic acid 
(HMBA). In this work the method designed was applied for 
identification of peptide ligands for rhEPO purification.  
In previous works we have obtained low-affinity 
tetrapeptide ligands for rhEPO. Taking into account those 
results, a combinatorial library containing the octapeptides 
XXXFXXAG where X=A, D, E, F, H, L, N, P, S or T was 
synthesised on HMBA-ChemMatrix resin by the DAR 
method using the Fmoc chemistry. Side-chain deprotection 
was carried out with TFA. For the library screening the 
rhEPO was coupled with either Texas Red or biotin. 
Fluorescent beads or beads showing a positive reaction 
with streptavidin-peroxidase were isolated. Fifty beads 
showed positive reactions. After peptides cleavage with 
NH4OH, they were sequenced by MALDI-TOF-MS. and 
those sequences showing more consensus were 
synthesised and their affinity to rhEPO evaluated using a 
plasma resonance biosensor. Kd values between 10-5-10-
6 M were obtained. Peptides with the highest affinity were 
immobilised on agarose. All peptide-agarose matrices 
showed affinity for rhEPO. Also, the affinity of the peptide-
agarose matrices for bovine seroalbumin (BSA) - usually 
present in the culture supernatants - was assessed. Those 
peptides with the highest selectivity between rhEPO and 
BSA were selected for future development of a rhEPO 
purification chromatographic matrix. 
 
P117. Abstract number: 126 
Post-synthesis modifications of p-iodo-phenylalanine-
containing peptides on solid phase via the palladium-
catalyzed Sonogashira reaction 
DND Doan, D Chatenet, A Fournier 
INRS - Institut Armand-Frappier, LAVAL,, Canada 
As recently described, ”Peptides are active regulators and 
information brokers of key biological functions”. In 
comparison to small molecules, they have many 
advantages that make them particularly interesting for drug 
discovery. As a matter of fact, their high biological activity 
is often associated with low toxicity and high specificity for 
their targets. However, due to inherent limitations such as 
low stability, low oral bioavailability, difficult delivery, as well 
as costly synthesis, the potential of using peptides as 
drugs remains relatively low. Hence, to improve key 
pharmacological properties, structure-activity relationship 
studies generating libraries of peptide analogs proved to be 
very helpful to identify new therapeutic peptides. Thus, 
several modifications including lactamization, ”stapling”of 
peptides, incorporation of non natural amino acids, 
pegylation, etc. were developed and showed frequently a 
significant improvement of the pharmacological properties 
of peptides, including bioavailability, selectivity and 
stability. In this regards, we developed an effective method 
based on the palladium-catalyzed Sonogashira reaction to 
modify on solid phase p-iodo-phenylalanine-containing 
peptides. In this study, we used [Ala1,2,3, Leu8]Enkephalin 
as a template in order to optimize the conditions of the 
reaction. Following the replacement of the Tyr residue with 
p-iodo-phenylalanine, the influence of several parameters 
including the type of base, catalysts, solvent systems, as 
well as the reaction time or the temperature were 
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investigated in the Pd-catalyzed cross-coupling reaction. 
Moreover, the stability of the Fmoc and Boc protecting 
groups, as well as of different linkers (Wang and Rink 
amide linkers) were evaluated under these conditions in 
order to optimize the methodology. Results showed that 
the best conditions for the reaction were including TEA 
(base), DMF (solvent), and PdCl2(PPhe3)2 (catalyst), at 40 
°C during 20 h. No side-reactions involving sensitive and/or 
reactive amino acids such as methionine, cysteine, 
histidine and tryptophan have been detected. No cleavage 
of the Boc protecting group was observed, even after 
several days, whereas the Fmoc protecting was not stable 
over an extended period of time. Similar observations were 
made with the Rink amide linker and Wang linker, 
respectively. Following the optimization of the procedures, 
we investigated the usefulness of this reaction in the 
preparation of a new potent PACAP agonist. 
 
P118. Abstract number: 200 
Specific substrates and inhibitors of human furin 
AL Lesner, M Wysocka, M Jaros, A Legowska, K Rolka 
Gdansk University, GDANSK, Poland 
Proprotein convertases (PCs) are calcium-dependent 
serine proteases of the subtilisin family which are known to 
generate the important biologically active peptides by the 
specific cleave of peptide bond at the C-terminal fragments 
R-X-(K/R)-R of their precursors. Such group of enzymes 
are initially synthesized as inactive proenzyme forms that 
undergoes activation under physiological condition. Furin, 
one of the seven endoproteases that belong to the PC 
family, is ubiquitously expressed in mammalian cells 
processing and activating a wide variety of proprotein 
substrates. The endogenous substrates of furin are 
receptors such as insulin proreceptor, plasma proteins, 
growth factors and hormones as well as proteases such as 
matrix metalloproteinases - like membrane type 1-matrix 
metalloproteinase (MT1-MMP). Increased activity of furin 
was identified in head and breast tumors, neck tumors also 
in lung cancer. Recent reports have indicated that furin is a 
target of hypoxia-inducible factor 1 (HIF-1) and that 
hypoxia induces elevated levels of furin, leading to more 
aggressive tumors. Therefore PC inhibitors may constitute 
new promising antitumor agents. The aim of this study is to 
select, using combinatorial chemistry methods, specific 
furin substrates that will display FRET and chromogenic 
properties. The general formula of the peptide library 
synthesized is as follows:  
ABZ-X4-X3-X2-X1-ANB-NH2,  
where ABZ = 2-amino benzoic acid (donor of 
fluorescence); ANB-NH2 = amide of 5-amino 2-nitro 
benzoic acid (acceptor of fluorescence); in positions X1 - 
X4 non-proteinogenic basic amino acids and peptoid 
monomers (Har, Orn, Dab, Gnf, Amf, Nlys) were 
introduced.  
Iterative method was applied for selection process. 
Selected the most effective substrates were converted into 
aldehyde and/or phosphonic peptide derivates and tested 
as potential inhibitors of human furin.  
This work was supported by Polish Ministry of Science and 
Higher Education under grant 1600/B/H03/2009/36 
 
P119. Abstract number: 218 
Novel peptide conjugates. Heterocyclic modifications 
of the immunomodulatory ubiquitin fragment. 
A Kluczyk1, M Ratajska1, A Staszewska1, M Cebrat1, H 
Bartosz-Bechowski1, P Stefanowicz1, M Zimecki2, Z 
Szewczuk1

1University of Wroclaw, Faculty of Chemistry, WROCLAW, 
Poland 

2Institute of Immunology and Experimental Therapy, Polish 
Academy of Sciences, WROCLAW, Poland 
Ubiquitin is one of the pivotal proteins in cellular 
physiology. The immunomodulatory properties of ubiquitin 
were discussed by us recently [1]. We discovered that the 
peptide DGRTL is the shortest active fragment of the 
immunosuppressory loop of ubiquitin and we analyzed the 
impact of the specific amino acid side chains on the activity 
[2].  
To investigate the influence of heterocyclic modifications 
on properties of DGRTL peptide, we synthesized a series 
of peptide-heterocycle conjugates, in which the aspartate 
residue was replaced by 2-substituted 1H-benzimidazol-5-
yl alanine [3] or 2,3-disubstituted quinoxalin-6-yl alanine [4]. 
The peptide conjugates were obtained using the solid 
phase strategy developed in our research group, based on 
the on-resin synthesis of the heterocyclic moiety after the 
peptide assembly [3, 4]. Such procedure is especially 
suitable for synthesis of a series of conjugates for 
screening purposes.  
We examined the heterocyclic modifications containing 
2,2`- bipyridyl motif, known for high metal ion affinity. The 
coordination properties of the DGRTL conjugates in 
respect to Cu(II) and Pt(II) were investigated using HR-
ESI-MS. The fragmentation pathways of conjugates and 
their complexes provided information on localization of 
metal ion in the molecule and on the relative stability of the 
coordination compounds. The NMR spectra were used to 
confirm the location of Cu ion in the benzimidazole 
conjugate.  
The immunomodulatory activity of the conjugates and their 
complexes was examined in vitro using antibody forming 
cells test. The effect of the heterocyclic motif was 
established after comparison with the DGRTL peptide, 
whereas the sequence involvement was examined in 
relation to a respective modified dipeptide (Xaa-Gly).  
The results show the significant influence of the 
heterocyclic modification on the biological and complexing 
abilities of peptides. Such conjugates could be of use as 
starting structures for design of novel bioactive compounds 
of pharmacological interest as well as catalysts, indicators 
and nanomaterials.  
Supported by grant No. N N401 222734 from the MSHE 
(Poland).  
1. Jaremko L., Jaremko M., Pasikowski P. et al., 
Biopolymers 2009; 91:423-431  
2. Szewczuk Z., Stefanowicz P., Wilczynski A. et al., 
Biopolymers 2004; 74:352-362  
3. Koprowska-Ratajska M., Kluczyk A., Stefanowicz P. et 
al., Amino Acids 2009; 36:309-315  
4. Staszewska A., Stefanowicz P., Szewczuk Z., 
Tetrahedron Lett. 2005; 46:5525-5528 
 
P120. Abstract number: 332 
Determination of heme binding motifs by a 
combinatorial peptide library approach 
TK Kühl, M Böhm, D Imhof 
Center for Molecular Biomedicine, Friedrich Schiller 
University, JENA, Germany 
The binding of heme and heme degradation products 
(BOXes) to distinct motifs in proteins, e.g. ion channel 
proteins, was shown to affect protein function [1]. In order 
to explore and better understand the role of heme and 
BOXes in physiological and pathophysiological conditions, 
the molecular basis of heme-protein interactions should be 
investigated in more detail. Therefore, in a first approach a 
combinatorial peptide library was used to evaluate the 
binding capacity of heme to specific peptide motifs in order 
to find out whether there are consensus sequences for this 
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association [2]. For a selection of peptides proposed by 
screening of the library X4[C/H/Y]X4 (X = any amino acids, 
except Met, Cys, including Nle) binding constants were 
determined by UV-Vis spectrometry. The consensus 
sequences derived from this approach were subjected to a 
database search that aimed at the determination of known 
motifs as well as the discovery of yet unknown proteins 
those function might be influenced by heme and its 
degradation products.  
[1] Clark, J. F., F. R. Sharp (2006) Bilirubin oxidation 
products (BOXes) and their role in cerebral vasospasm 
after subarachnoid hemorrhage. J. Cereb. Blood Flow 
Metab. 26, 1223.  
[2] Imhof, D., A. S. Wavreille, A. May, M. Zacharias, S. 
Tridandapani, D. Pei (2006) Sequence specificity of SHP-1 
and SHP-2 Src homology 2 domains. Critical roles of 
residues beyond the pY+3 position. J. Biol. Chem. 281, 
20271. 
 
P121. Abstract number: 367 
The characterization of staphopains enzyme family 
from Staphylococcus aureus using combinatorial 
chemistry methods 
AL Lesner1, M Wysocka1, M Jaros1, A Legowska1, K 
Guzow1, G Dubin2, B Wladyka2, W Wiczk1, K Rolka1

1Gdansk University, GDANSK, Poland 
2Faculty of Biochemistry, Biophysics and Biotechnology, 
Jagiellonian University, CRACOW, Poland 
Staphylococcus aureus produces a large number of 
extracellular proteins, many of which are important 
virulence factors toxic to humans and animals . Among the 
proteolytic enzymes secreted by this bacteria, there are 
three cysteine proteases, referred to as staphopain A 
(StpA) staphopain B (StpB) and staphopain C (StpC). They 
are involved in several function of this pathogen among 
them neutrophil degradation, skin necrosis ect. In this work 
we described the substrate specificity of the staphopains 
(A, B and C) using combinatorial chemistry methods. In 
order to established substrate specificity of individual 
enzyme the library of FRET peptides was applied. The 
library was synthesized on the solid phase using portioning 
- mixing approach methods. General formula of such 
library is given below:  
ABZ-X4-X3-X2-X1-ANB-NH2 where:  
ANB-NH2 - amid of 5-amino-2-nitrobenzoic acid (acceptor 
of fluorescence);  
ABZ - 2-aminobenzic acid (donor of fluorescence);  
X1; X2, X3, X4 were 19 proteinogenic amino acid residues 
excluding Cys.  
Partial results of the substrate mapping of those three 
enzymes indicate that StpA and StpB display very similar 
substrate specificity. StpC reveal quite different substrate 
preferences. The obtained substrate sequence(s) of all 
three proteases will be characterized biochemically. C-
terminal moiety of potent substrates were converted into 
aldehydes. Inhibitory activity of such synthesized 
compounds was tested for all enzymes studied.  
This work was supported by Ministry of Science and 
Higher Education under grant 1600/B/H03/2009/36/. 
 
P122. Abstract number: 410 
Discovery of Esterolytic Histidine Oligomers Using 
Peptide Arrays 
J Kofoed1, R Biswas2, N Maillard2, JL Reymond2

1Novo Nordisk A/S, MAALOEV, Denmark 
2Departmemt of Chemistry & Biochemistry, University of 
Berne, BERNE, Switzerland 
Solid-phase synthesis of peptide constructs such as linear, 
cyclic or dendritic peptides represents one of the most 

practical entries into synthetic enzyme models. The 
structure-activity relationships in such peptide constructs 
are generally complex and their study requires 
combinatorial chemistry approaches involving the 
synthesis and screening of large libraries, typically using 
one-bead-one-compound libraries (N. Maillard et al., J. 
Comb. Chem. 2009, 11, 667-675). Herein we report a 
simple and practical catalysis screening protocol that 
allows one to assay peptide arrays prepared by the SPOT-
technique on cellulose membranes (R. Frank, Tetrahedron 
1992, 48, 9217-9232). The SPOT format delivers spatially 
encoded libraries which circumvents the problem of bead 
decoding. In addition assays in the SPOT format are 
known to be predictive of activities of the peptides in 
solution for the case of binding to biomolecules.  
To test the compatibility of SPOT-libraries for catalysis 
screening we prepared a 192-member library of dendritic 
and linear analogs of the catalytic peptide dendrimer A3C 
(Ac-His-Thr)8(Dap-His-Thr)4(Dap-His-Thr)2Dap-His-Thr-
NH2 (Dap = L-2,3-diaminopropanoic acid branching unit) 
previously identified in a focused structure-activity 
relationship study of esterase peptide dendrimers and 
which catalyzes the hydrolysis of fluorogenic 8-
acyloxypyrene 1,3,6-trisulfonates with high catalytic 
efficiency (kcat/kuncat = 90,000, E. Delort et al., J. Org. 
Chem. 2006, 71, 4468-4480). Catalysis screening of the 
SPOT library confirmed the high activity of peptide 
dendrimer A3C over other analogs, providing the first 
evidence that SPOT library display is favourable for 
catalysis screening. The screening also pointed to the 
remarkable esterolytic properties of a simple linear 
histidine undecapeptide for the reaction. A closer 
investigation of histidine oligomers from one to fifteen 
residues shows that these simple peptides indeed 
efficiently hydrolyze acyloxypyrene trisulfonates with rate 
accelerations up to kcat/kuncat = 5,000. 
 
P123. Abstract number: 423 
Preparation of Novel Polymer Support and Its 
Application for Peptide Engineering 
JH Kim, DS Shin, YS Park, S Kyung, WM Jeong, YS Lee 
Seoul National Univ. (Colleage of Engineering), SEOUL, 
South-Korea 
In recent days, solid-phase peptide synthesis was widely 
used with its strength such as high purity and easy 
separation in the peptide engineering field. To increase 
efficiency of solid-phase peptide synthesis, many research 
groups have tried to improve solid-phase peptide synthesis 
technique by modifying the polymer supports. The ideal 
polymer supports should have some important characters; 
i) stability in harsh chemical and physical condition, ii) 
compatibility with various solvents including water, iii) 
preventing the non-specific binding when used for 
bioassays, iv) advanced kinetics for chemical reaction, v) 
low background signal, such as fluorescence or Raman 
spectroscopy.  
In this presentation, we will present the preparation and 
application of polymer support, which have the important 
characters as mentioned above. The polymer support was 
prepared from aminomethyl polystyrene resin by grafting of 
surface with poly(ethylene glycol) groups. Because of the 
cross-linking reagents were not used while preparation, the 
polymer support was well-swollen in the various solvents 
and had less auto-fluorescence. On this polymer support, 
one-bead one-compound peptide library was synthesized 
by using ”split-and-mix”method, and the peptide substrates 
of Ser/Thr kinase were successfully screened by using this 
peptide library. In addition, several compounds containing 
amide groups were released in aqueous media by using 
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pyrazolone active ester linker which bounded on the 
polymer supports as well. 
 
P124. Abstract number: 456 
QSAR modeling of calcitonin gene-related peptide 
antagonists 
M Mehrabian1, H Jenssen2, A Kyani3
1University of Tehran, TEHRAN, Iran 
2Roskilde University, Dept. of Science, ROSKILDE, 
Denmark 
3Department of Chemistry, Tarbiat Modares University, 
TEHRAN, Iran 
Calcitonin gene-related peptide (CGRP) is a 37 amino acid 
neuropeptide generated by alternative tissue- specific 
splicing of the primary transcript of the calcitonin 
gene.CGRP is involved in the regulation of blood flow to 
the brain and pain-sensitive meninges. A clinical study has 
shown that inhibition of CGRP binding to its receptor may 
be useful for therapeutic purposes. Despite improvements 
in receptor potency, CGRP peptide antagonists suffer from 
poor metabolic stability. Both the native human CGRP and 
a derivative of CGRP (8-37) have demonstrated short 
plasma half-lives of approximately 10 min [1]. Quantitative 
structure activity relationship (QSAR) studies can be 
employed to identify CGRP peptide antagonists with 
prolonged in vivo circulating time and improve metabolic 
stability, selectivity, and receptor affinity.  
In the present work, a library containing 97 CGRP peptides 
were used, derived from two structure activity experimental 
studies through which systematic modification of the C-
terminal segments CGRP Y0-28-37 and CGRP 27-37 have 
been done [1,2]. Conventional, inductive [3,4] and Dragon 
descriptors were calculated and different linear activity 
prediction models were constructed. The poor values of the 
statistical parameters derived from these models indicated 
the probability of a nonlinear relationship between the 
descriptors and the peptide activities. However, applying 
an artificial neural network as a nonlinear modeling method 
could not improve the statistics of the models significantly 
due to using descriptors selected by linear methods. The 
score plot obtained from principal component analysis 
(PCA) of the dataset, demonstrated grouping of the 
peptides into subpopulations, indicating their different 
behavior in modeling resulted from different ranges of 
activities. In an attempt to overcome the problems of 
modeling these peptide activities we employed the 
shuffeling-ANFIS method [5]. This powerful nonlinear 
feature selection technique was used to select four 
descriptors amongst the 195 cross-validated descriptors 
(conventional, inductive and Dragon). The artificial neural 
network model constructed using the four Shuffling-ANFIS 
descriptors could successfully predict 88% of the activities 
of the peptides in the test set. The descriptors applied in 
the final model reveals the importance of peptide 
properties such as surface area, 3D structure and atomic 
partial charges as the main factors affecting the antagonist 
activity of these peptides.  
 
 



86

Posters 125-145: Ligation and Click Peptide Chemistry 

P125. Abstract number: 21 
Chemical synthesis vs. expression of the HIV-1 Rev 
protein 
E. Siman1, O Blatt2, A Friedler2, A Brik1

1Ben-Gurion University Of The Negev, BEER SHEVA, 
Israel 
2Hebrew University of Jerusalem, JERUSALEM, Israel 
The HIV-1 Rev protein (116 amino acids, 13kDa) is 
responsible for shuttling partially spliced and unspliced viral 
RNA out of the nucleus. This is a crucial step in the HIV-1 
life cycle, and thus Rev is an attractive target for the design 
of anti HIV drugs. Despite its importance, there is lack of 
structural, biophysical and quantitative information about 
Rev as well as about the role of the post translational 
modifications on the protein. This is mainly due to the 
inability to obtain the protein in sufficient quantities that are 
required for biophysical and structural characteristics. The 
production of recombinant Rev was described only very 
recently (Marenchino M. et al, Protein Expression and 
Purification, 2008). Here we present two new highly 
reproducible methods to produce Rev in large quantities: (i) 
Chemical synthesis: To achieve our synthetic goal, we 
have synthesized the wild type protein from three 
fragments combining native chemical ligation coupled with 
desulfurization; (ii) A new method for expression and 
purification: Expressing Rev from a vector containing the 
HLT tag followed by purification with a Ni column and a 
cation exchange column. The Rev protein was obtained in 
excellent yields and quantities using both methods. The 
chemically synthesized protein was subjected to structural 
and functional analysis, which revealed a similar behavior 
to the expressed recombinant protein. Our synthetic 
strategy should enable straightforward access to 
homogenously posttranslationally modified HIV-1 Rev in 
order to reveal the exact role of these modifications on the 
protein structure and function. 
 
P126. Abstract number: 38 
A DNA and Metal Binding Hybrid Based on Triostin A 
E.-F. Sachs, A. Nadler, U. Diederichsen 
Georg-August-Universität Göttingen, Institut für Org. und 
Biomol. Chemie, GÖTTINGEN, Germany 
Delivering reactive metalated species to targeted DNA 
utilizing the DNA affinity of small peptides is a promising 
approach in drug development. Peptide scaffolds can be 
derived from a number of natural products such as 
histones, zinc finger proteins or small cyclopeptides like the 
quinoxaline antibiotics. One of the most prominent 
members of the latter family is Triostin A.[1]  

Triostin A binds DNA via bisintercalation in the minor 
groove, spanning two base pairs. The rigid bicyclic 
backbone preorganizes two quinoxaline moieties in a 
distance of 10.5 Å which facilitates bisintercalation and is 
likewise the distance found for every i+4 base pair in B 
DNA.[2] Substituting the intercalating moieties with 
nucleobases should result in a modified interaction with 
DNA. Such derivatives are supposed to bind DNA via 
hydrogen bonding to the exposed Hoogsteen flanks within 
the major groove. This specific interaction enables 
potential sequence specificity for these triostin 
analogues.[3]  
The synthesis of a nucleobase functionalized triostin 
analogue with a metal binding site was realized in a 
modular approach using Cu(I) mediated ”click”chemistry as 
key step. The synthesis as well as metal binding studies 
(mass spectrometry) and DNA binding (UV-melting curves) 
of the hybrid are presented.  
[1] M. J. Waring, A. Makoff, Mol. Pharmacol. 1974, 
10, 214-224.  

[2] K. J. Addess, J. Feigon, Biochemistry 1994, 33, 
12386-12396.  
[3] B. Dietrich, U. Diederichsen, Eur. J. Org. Chem. 
2005, 147-153.  
Financial support from the Deutsche 
Forschungsgemeinschaft (IRTG 1422: ”Metal Sites in 
Biomolecules”) is gratefully acknowledged.  
 
P127. Abstract number: 70 
Convergent syntheses of HuPrP106-126 (difficult 
sequence) using native chemical ligation and 
desulfurization/deselenization 
J Sebestik, M. Safarik, Z. Zawada, J. Hlavacek 
IOCB AS CR, PRAGUE - DEJVICE, Czech Republic 
Prion proteins are causative agents of neurodegenerative 
diseases such as scrapie, CJD, mad-cow disease 
(nvCJD), GSS, etc.1 Prion-derived peptide HuPrP106-126 
was found as a difficult sequence for the Fmoc approach.2 
We have described its synthesis using divergent approach 
in 9% yield.3 In order to improve yield of this peptide by 
Fmoc approach, we employed 2- and 3-segment 
convergent approaches using a native chemical ligation 
with subsequent desulfurization/deselenization4 of peptide 
precursors. In 2-segment approaches, we studied ligation 
of segments such as KTNMKHMAG* with 
CAAAGAVVGGLG or UAAAGAVVGGLG; and 
KTNMKHMAGAAAAG* with CVVGGLG or UVVGGLG 
(asterisk indicates activation by ester, thioester5 or cyclic-
urea6). Since the syntheses of the longer peptides are also 
limited with yields, we moved to 3-segment convergent 
approaches. We studied possibility of kinetically controlled 
ligation7 of KTNMKHMAG*, CAAAG* and UVVGGLG using 
chemoselectivity between sulfanyl and selanyl groups. We 
observed that CAAAG-SEt stored as TFA salt in a freezer 
is stable for several months. Another 3-segment 
convergent approach was based on consecutive modular 
ligations.8 The first ligation was between Thz-AAAG* and 
UVVGGLG. After thiazolidine ring opening with NH2OH, 
the second ligation with KTNMKHMAG* was carried out. 
The products were converted to HuPrP106-126 by radical 
desulfurization/deselenization using Danishefsky’s 
procedure.4 The 3-segment convergent approach led to 
significant improvement of the yield.  
This work was supported by grant of Czech Science 
Foundation (GA CR) No. 203/07/1517 and Research 
Project Z40550506.  
1. S. B. Prusiner, PNAS USA, 1998, 95, 13363.  
2. M. Jobling, C. Barrow, A. White, C. Masters, S. Collins, 
R. Cappai, Lett. Pept. Sci. 1999, 6, 129  
3. J. Sebestik, J. Hlavacek , I. Stibor, Biopolymers 2006, 
84, 400  
4. Q. Wan, S. J. Danishefsky, Angew. Chem. Int. Ed., 
2007, 46, 9248  
5. R. von Eggelkraut-Gottanka, A. Klose, A. G. Beck-
Sickinger, M. Beyermann, Tetrahedron Lett., 2003, 44, 
3551  
6. J. B. Blanco-Canosa, P. E. Dawson, Angew. Chem. Int. 
Ed., 2008, 47, 6851  
7. D. Bang, B. L. Pentelute, S. B. H. Kent, Angew. Chem. 
Int. Ed., 2006, 45, 3985  
8. D. Bang, S. B. H. Kent, Angew. Chem. Int. Ed., 2004, 
43, 2534 
 
P128. Abstract number: 147 
Functionalized PNA Backone Building Blocks eligible 
for Diels Alder Click Chemistry in Molecular Imaging 
RP Pipkorn, M Wiessler, W Waldeck, M Koch, K Braun 
Deutsches Krebsforschungszentrum, HEIDELBERG, 
Germany 
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Therapies of cancer via ”old fashioned”chemotherapeutics 
normally lead to undesired side effects followed by abortion 
of the therapy due to the physical and chemical attributes 
of the drug. Modern chemotherapeutics are marked by 
their property of cell specific interaction with DNA on a 
molecular basis without harming the surrounding healthy 
tissue. This rapid progress in chemotherapeutic 
development led to molecular therapies which demand 
molecular diagnostics : Hereby, radiation free methods of 
imaging metabolic processes become increasingly topic of 
current scientific research. Open questions concerning the 
molecular imaging techniques remain to be answered: 1) 
The transport of imaging components in blood circulation, 
2) the differentiation between tumor and healthy tissue and 
3) the local enrichment within target tissue and target cells 
or in subcellular components. Development of needed 
molecules led to complex, modularly built, functional 
molecules. This results in extreme requirements not only of 
synthesis and quality insurance but of attributes like fast, 
specific, quantitative and irreversible ligation of single 
modules. A series of for improving approaches for 
improving the ligation of components finally led to the 
development of the ”click chemistry”. 
 
P129. Abstract number: 159 
Native chemical ligation as a versatile tool to connect 
peptides with internal modified oligonucleotides 
F Diezmann, O Seitz 
Humboldt-Universität Berlin, BERLIN, Germany 
Native chemical ligation (NCL) is a favoured technique to 
link short peptide sequences to other peptides and even 
whole protein domains. Mild reaction conditions and high 
yields make this method attractive not only for peptide-
peptide couplings but also for couplings with other 
biomolecules such as oligonucleotides. NCL has been 
used to attach peptides to the terminal ends of cysteine 
modified oligonucleotides. This attachment mode is limited 
to end-labeling of oligonucleotides. We sought for a 
method that allows the attachment of peptides at any 
desired position within DNA. We herein report the first 
ligation of peptides to sequence internal sites using 
cysteine-containing phosphoramidite building blocks that 
can be used in automated DNA synthesis. For this 
purpose, Fmoc/StBu-protected cysteine was attached via 
an aminopropargyl linker to the C5-position of uridine. The 
rigid triple bond conferred a high reactivity in native 
chemical ligation reactions which involved 5mer peptide 
thioesters and up to 15 nucleotides long oligonucleotides. 
The desired peptide-oligonucleotide conjugates were 
obtained in high yields after purification. Internal peptide-
modified oligonucleotides offer a better control of the 
spatial arrangement of peptides presented on self-
assembled nucleic acid complexes. Because modifications 
can have an enormous effect on hybridization efficiency we 
studied the thermal stability of the achieved peptide-DNA 
hybrids. UV melt experiments revealed that the peptide 
modification does not hamper nucleic acid hybridization. 
This finding marked an important step in our research 
program devoted to studies of multivalent presentation of 
peptides via modular assembly of nucleic acid complexes. 
 
P130. Abstract number: 174 
Expression and characterization of human interleukin-
8 analogues 
KN Nordsieck, L Baumann, AG Beck-Sickinger 
Leipzig University/Institute of Biochemistry, LEIPZIG, 
Germany 
Despite modern techniques, implant rejection and wound 
healing are still significant problems in regenerative 

medicine. Improved biomaterials have been reported to be 
advantageous to conservative materials. However, it is 
necessary to control and limit the inflammatory potential of 
implants coated with biomaterial layers.  
The chemokine interleukin-8 (IL-8, also named CXCL8) 
has been reported to mediate inflammatory processes and 
hence, the investigation of IL-8 interaction is a powerful tool 
to follow and estimate the inflammatory potential of 
biomaterials [1]. IL-8 belongs to the family of CXC 
chemokines and selectively binds to the seven 
transmembrane G protein-coupled receptors CXCR1 and 
CXCR2 with nanomolar affinity [2].  
In previous work it could be shown that the C-terminal helix 
of IL-8 is not directly involved in the binding of the 
chemokine to hyaluronic acid [3]. Whether this holds true 
for different biomaterials or extracellular matrix 
components have been investigated. Proteins with 
truncated C-termini were synthesized, as well as N 
terminally reduced IL-8 segments. The hIL-8 N-terminus 
was expressed in E. coli and purified by affinity 
chromatography. C-termini were synthesized by solid 
phase synthesis (SPPS). Both fragments were fused by 
Expressed Protein Ligation (EPL) and characterization of 
these analogues was performed by analytical and 
biological methods.  
[1]  Proudfoot, A. E. I., Handel, T. M., Johnson, Z., 
Lau, E. K., LiWang,P., Clark-Lewis, I., Borlat, F., Wells, T. 
N., Kosco-Vilbois, M. H.,Glycosaminoglycan binding and 
oligomerization are essential for the in vivo activity of 
certain chemokines. Proc. Natl. Acad. Sci. U.S.A, 2003, 
100, 1885-1890.  
[2]  Baggiolini, M.,Moser, B.,Clark-Lewis, I., 
Interleukin-8 and related chemotactic cytokines. The Giles 
Filley Lecture. Chest, 1994, 105, 95S-98S.  
[3] David, R., Günther, R., Baumann, L., Lühmann, 
T., Seebach.D, Hofmann,H.J., Beck-Sickinger, A. G., 
Artificial chemokines: combining chemistry and molecular 
biology for the elucidation of interleukin-8 functionality. J. 
Am.  
Chem. Soc., 130, 15311-15317.  
 
P131. Abstract number: 176 
Fluorescent Modification of the Regenerative 
Chemokine SDF1 a to Study Receptor Internalisation 
KBS Bellmann-Sickert, L Baumann, AG Beck-Sickinger 
Leipzig University, Institute of Biochemistry, LEIPZIG, 
Germany 
SDF-1 is a chemokine that plays a major role in trafficking 
of hematopoietic stem cells (HSC). Thus, it enables the 
formation of bone marrow during embryogenesis and later 
in adults it supports retention and homing of these cells in 
the bone marrow. Furthermore it is involved in 
organogenesis and regeneration, respectively.1 Due to 
these promising features SDF-1α could serve as a 
therapeutic target. For studies on this small protein 
concerning its molecular properties as well as its 
therapeutic potentials, it needs to be modified chemically.  
In order to reach these goals, the N-terminal segmet SDF-
1α (1-49) has been cloned and expressed recombinantly in 
E. coli ER 2566, while the C-terminal segment SDF-1α (50-
68) has been synthesized via solid phase peptide 
synthesis. Modifications are thereby introduced in the C-
terminal segment at Lys56, e. g.. Up to now 
carboxyfluorescein has been coupled to the ε-amino group 
of the lysine residue. The two fragments then have been 
ligated by Expressed Protein Ligation (EPL), a subform of 
the Native Chemical Ligation (NCL).2 The activity of the 
conjugate has been tested in an inositol 3-phosphate 
turnover assay as well as in chemotaxis assays. The 
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potential of this compound to bind specifically to CXCR4-
transfected HEK293 cells as well as to induce 
internalisation has been proven by fluorescence 
microscopy.3  
[1] Kucia, M. et al., Journal of Molecular Histology, 2004, 
35, 233-245.  
[2] David, R. et al., European Journal of Biochemistry, 
2004, 271, 663-677.  
[3] Bellmann-Sickert, K. et al., Journal of Peptide Science, 
2010, in press. 
 
P132. Abstract number: 183 
Do intramolecular hydrogen bonds play a role in native 
chemical ligation? 
H Rohde, O Seitz 
Humboldt-University of Berlin, BERLIN, Germany 
Native chemical ligation enables the chemoselective 
coupling of two unprotected protein segments. This 
reaction proceeds via a two-step mechanism. First, the 
side chain of N-terminal cysteine residues reacts with the 
peptide thioester under formation of a peptide thioester 
ligation intermediate. After this thiol exchange, the N-
terminus of the cysteinyl peptide is involved in a 
subsequent intramolecular aminolysis reaction, which 
leads to the ”native”peptide bond. The rate of this reaction 
sequence usually depends on the first step. The C-terminal 
amino acid of the thioester and the thiol leaving group play 
a critical role. Ligation of β-branched or proline thioesters 
proceed slowly and often did not result in a quantitative 
ligation. Proline is the only amino acid comprising a cyclic 
side chain and a secondary amino group. We 
hypothesized that intramolecular hydrogen bonds may 
participate in stabilizing the transition state of the thiol 
exchange reaction. To address this issue we investigated 
native chemical ligation reactions of proline, alanine and N-
methylated alanine thioesters. We also assessed the 
influence of hydrogen bond donors at the thiol leaving 
group (3-mercaptopropionic acid, 3-mercaptopropioamide 
and N-alkylated 3-mercaptopropioamide). The results from 
the kinetic studies indicate that hydrogen has an activating 
effect on the thioester reactivity and therefore increases 
the ligation rate with the thiol side chain of the cysteinyl-
peptide. 
 
P133. Abstract number: 230 
Convergent Synthesis of Peptide Dendrimers by the 
CLAC (Chloroacetyl) Ligation 
NU Uhlich, T Darbre, JL Reymond 
University of Berne / Department of Chemistry and 
Biochemistry, BERNE, Switzerland 
Herein we report the convergent synthesis of large, 
protein-sized 4th and 5th generation peptide dendrimers by 
the convergent multiple (up to 8x) CLAC (chloroacetyl) 
ligation of 2nd and 3rd generation peptide dendrimers. In the 
CLAC ligation, dendrimers with a C-terminal cysteine 
residue at their core couple in multiple copies by 
substitution of the chlorine atom at the multiple 
chloroacetylated N-termini of another peptide dendrimer. 
This ligation does not require special building blocks or 
catalysts and provides products in high yields and purities. 
The method opens the way to the investigation of large 
peptide dendrimers as protein and enzyme models. 
 
P134. Abstract number: 304 
Fmoc solid phase synthesis of peptide thioesters and 
thioacids for native chemical ligations employing a 
tert-butyl thiol linker 
R Raz, J Rademann 

Leibniz Institute für Molekulare Pharmakologie, BERLIN, 
Germany 
Herein we describe the first direct synthesis of peptide 
thioesters and thioacids using Fmoc SPPS with a base-
stable thioester linker.[1] Thioesters are generally known to 
be base labile, which has previously precluded their use as 
linkers in Fmoc-based SPPS. Tert-butyl thioesters, 
however, are special and distinct from from other 
thioesters: While being stable under under alkaline 
conditions[2] they are easily cleaved under only slightly 
basic conditions by primary thiolates. In stability 
experiments, we have shown that Boc-Phe-S-t-butyl has a 
half life of 6.5 days when treated with 20 % piperidine in 
DMF being 5.5 times more stable than Boc-Phe-S-ethyl 
(half life of 5.5 hours). Accordingly, a tert-butyl linker 
attached to an acid sensitive resin might allow a direct 
synthesis access to peptide thioesters.  
We developed 4-mercapto 4-methylpentanol (MMP) as a 
tert-butyl thiol linker which was coupled to a standard 2-Cl-
tritylchloride resin via its hydroxyl function. Acylation of the 
tert-butyl thiol with the first amino acid was accomplished 
using EDC/DMAP with yields ranging from 70-90 %.[3] For 
most dipeptides tested, no diketopiperazine (DKP) 
formation was observed after coupling of the 2nd amino 
acid. DKP formation could be fully avoided by quantitative 
coupling of dipeptides to the first resin bound amino acid 
using HATU/HOAt. After standard Fmoc-SPPS synthesis, 
the bound peptide thioesters could be cleaved either with 
acid to yield fully deprotected or by nucleophilic 
displacement with thiolate to furnish fully protected peptide 
thioesters. By displacing the peptide from the resin with ß-
eliminable 2-cyanoethylmercaptane followed by base 
treatment, the method was extended to the preparation of 
peptide thioacids. An in-situ generated pentapeptide 
thioacid could be transformed via addition of tosyl azide to 
the corresponding sulfonamide.[4] 

[1] R. Raz, J. Rademann, submitted for publication.  
[2] B. K. Morse and D. S. Tarbell, J. Am. Chem. Soc. 1952, 
74, 416-419.  
[3] S. Weik, J. Rademann, Angew. Chem. Int. Ed. 2003, 
42, 2491-2494  
[4] R. V. Kolakowski, N. Shangguan, R. R. Sauers, L. J. 
Williams, J. Am. Chem. Soc. 2006, 128, 5695-5702. 
 
P135. Abstract number: 308 
Assembly of the Zinc Finger Domain Zif268 
FF Fehr1, A Nadler2, F Brodhun3, I Feussner3, U 
Diederichsen2

1Inst. für Org. und Biom. Chemie, GÖTTINGEN, Germany 
2Inst. for Org. and Biom. Chemistry, GOETTINGEN, 
Germany 
3Institute for Plant Biochemsitry, GOETTINGEN, Germany 
Zinc finger domains are known as specific DNA binding 
motifs found in many transcription factors. The first and 
best investigated zinc finger protein Zif268 specifically 
recognizes a DNA sequence of nine base pairs. Its zinc 
finger domain consists of three zinc finger motifs 
composed of 30 amino acids each. For sequence 
specificity a tandem repeat of at least three zinc finger 
motifs is necessary. The zinc atom is, thereby, 
tetrahedrally coordinated by a Cys2His2 motif and known 
for being exclusively of structural importance.[1]  
The Zif268 domain sequence was chosen for incorporating 
an artificial metal chelating building block. The introduction 
of a second metal binding site into the system might result 
in a cooperative effect with the structural one. The 
assembly of the entire sequence of the zinc finger motif is 
to be achieved by means of expressed ligation. Therefore, 
the desired peptide-thioester is achieved by protein 
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expression, whereas the cysteine containing peptides are 
synthesized by solid phase peptide synthesis (SPPS).  
Protein expression was the method used for the 
implementation of zinc fingers one and two (Zf12). The 
respective coding region of these zinc fingers was cloned 
into an intein vector. This vector includes an intein- as well 
as a chitin-binding-domain (CBD)-coding region and while 
expressed in E. Coli these protein domains were attached 
to the C-terminus of the target peptide. The intein-tagged 
peptide was loaded on chitin beads and cleaved via 
thioesteri-fication with 2-mercaptoethanesulfonate 
(mesna). Through cleavage a C-terminal thioester, needed 
for expressed ligation, was generated. The peptide was 
verified by ESI-HR mass spectrometry.  
The peptide syntheses of the third zinc finger (Zf3) and its 
variants were carried out by automated microwave 
assisted SPPS. Besides the sequence of zinc finger three 
with an incorporated unnatural metal chelating amino acid 
at position His85, also the natural occurring sequence was 
synthesized for comparison reasons, as well as a 
modification of the sequence known for possessing DNA 
cleavage ability by lacking one of the histidine residues at 
its active center.[2,3] Furthermore, a fluorophore is to be 
attached to the peptides to alleviate the observation of the 
following ligation step.  
 
P136. Abstract number: 359 
Synthesis of Neuropeptide Y analogues as PET 
imaging agents 
J Mountford1, L Zhang2, H Herzog2, P Thompson1

1Monash University, PARKVILLE, Australia 
2Garvan Institute of Medical Research, SYDNEY, Australia 
Radiolabelled peptides are an important class of 
radiopharmaceuticals for imaging and therapy of tumours. 
They can be designed upon endogenous peptide 
hormones making them an attractive target.  
Neuropeptide Y (NPY) is a 36 amino acid peptide that 
exhibits a wide range of central and peripheral activities. 
These actions are mediated by at least six G-protein 
coupled receptor subtypes. The Y1 receptor subtype is 
over expressed in a number of human tumours and can 
potentially be exploited for detection of tumours and also 
for the delivery of radiotherapy.  
This project aims to develop highly selective Y1-receptor 
peptide ligands suitable for imaging and/or delivery of 
radiotherapy with improved in vivo properties over native 
NPY and other pancreatic polypeptide family members.  
Y1-selective cyclic and linear peptide antagonists 
previously described in the literature1 have been further 
derivatised by substituting amino acids with alkyne or azide 
terminating side chains into the sequence. These 
functional groups allow for ”click chemistry”modification 
and introduction of radiolabels under mild conditions.  
The peptide may contain either of the required functional 
groups (azide or alkyne) and the radiolabel the 
corresponding partner (alkyne or azide). The click reaction 
is chemoselective, lacking reactivity towards other 
functional groups on the peptide. The reaction can be 
carried out in an aqueous environment at room 
temperature and it generates a stable triazole moiety 
bridge between the peptide and radiolabel.  
1/ Daniels et al. Proc. Natl. Acad. Sci. 1995, 92, 9067. 
 
P137. Abstract number: 377 
Control Function - Towards Activatable SDF-1a 
Analogues 
LB Baumann, AG Beck-Sickinger 
Institute of Biochemistry, LEIPZIG, Germany 

SDF-1 (CXCL12) is a representive of the CXC chemokine 
family, but its distinct chromosomal localization and low 
homology to other group members makes this protein 
unique along the CXC chemokines. It is constitutively 
expressed in many tissues, signals through CXCR4 and at 
least binds to CXCR7, however the role of this recently 
dicovered receptor is not fully understood, yet.  
SDF-1 attracts stem cells in a concentration dependend 
manner, in particular guide hematopoietic progenitor cells 
(HPCs) to the bone marrow and modulates neuronal 
progenitors. Furthermore, it participates in embyonic heart 
and intestine development as well as in the metastasis of 
CXCR4/7 positive cancer cells toward SDF-1 expressing 
tissues.  
This broad range of biological functions make this protein 
interesting as a potential drug in regenerative medicine to 
support repair of damaged tissues through stem cell 
recruitment. Different labelled and activatable analogues of 
SDF-1 are desirable, in order to study protein action in 
more detail.  
Herein we present a convenient synthesis strategy, which 
allows the modification of SDF-1 site-specific all in its C-
terminal region by applying the expressed protein ligation 
approach. The N-terminal segment was prepared as C-
terminal peptide thioester by using the IMPACT® system 
and the C-terminal segments, which carry a N-terminal 
cysteine residue, were synthesized by SPPS. After ligation 
and refolding of the proteins, the biological activity of the 
compounds was tested in cell-based assays. 
 
P138. Abstract number: 378 
3TS : Thiazolidine-Triggered Thioester Synthesis 
JD Dheur, N Ollivier, A Blanpain, O Melnyk 
UMR CNRS 8161, Université de Lille Nord de France, 
Institut Pasteur de Lille, LILLE, France 
The chemical synthesis of proteins is a great challenge for 
organic chemists. Chemoselective ligation methods such 
as native chemical ligation (NCL)1 or Staudinger ligation2 
allow the assembly of proteins of moderate size (150 
amino acids) and provide ready access to natural as well 
as modified proteins. Native chemical ligation is based on 
the reaction of a peptide bearing a C-terminal thioester 
group with a N-terminal cysteinyl peptide. 
Transthioesterification is followed by an intramolecular 
S,N-acyl shift that leads to the formation of a peptide bond 
at a X-Cys junction. Application of this chemistry to N-
terminal selenocysteine peptides was also described. 
Methods based on the use of N-linked thiol-containing 
cleavable auxiliaries or thiol-modified proteinogenic amino 
acids were used to extend the principle of native chemical 
ligation to sites other than Cys residues.  
The key starting materials for native chemical ligation are 
unprotected C-terminal peptide thioesters. Consequently, 
Fmoc/tBu SPPS methods for peptide thioesters are of high 
interest. For example, Kenner sulfonamide safety-catch 
linker and an intramolecular N,S-acyl shift permitted 
thioester formation after peptide assembly (Ollivier N., Behr 
J.B., El-Mahdi O., Blanpain A., Melnyk O. Org. Lett., 2005, 
7(13), 2647-2650).  
Recent studies in the lab led to the discovery of an 
innovative and efficient method for thioester synthesis 
based on the Fmoc/tBu SPPS of a highly stable peptide 
amide derivative, featuring a beta-amino thiol arm at the C-
terminus. Thiazolidine ligation in solution between the beta-
amino thiol moiety and glyoxylic acid triggers the formation 
of the thioester.  
Importantly, thioester formation is performed in solution 
(i.e. can be easily monitored) using a simple chemical 
reaction. The synthesis of the peptide amide precursor is 
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straighforward. This peptide derivative is highly stable and 
can be converted to the thioester just before the NCL. This 
method, which is called 3TS for thiazolidine-triggered 
thioester synthesis, complements favorably the existing 
methods for thioester synthesis.  
(1) a) Dawson P. E. et al. Science 1994, 266, 776-779. b) 
Dawson, P. E. Methods Enzymol. 1997, 287, 34-45. c) 
Hackeng, T. L. et al. Proc. Natl. Acad. Sci. 1999, 96, 
10068-10073.  
(2) a) Saxon, E. et al. Science 2000, 287, 2007-2010. b) 
Nilsson B. L. et al. Org. Lett. 2000, 2, 1939-1941. c) 
Nilsson, B. L. et al. Am. Chem. Soc. 2003, 125, 5268-5269.  
 
P139. Abstract number: 450 
Application of an Omonasteine Ligation Strategy for 
the Total Chemical Synthesis of a 108-AA 
Bromodomain. 
PJFAL Van de Vijver, TM Hackeng 
Maastricht University, MAASTRICHT, The Netherlands 
Bromodomain containing protein 7 (BRD7, also known as 
Celtix-1) is a protein that is associated with 
nasopharyngeal carcinoma and recently, BRD7 has been 
shown to suppress tumorigenesis by serving as a cofactor 
of p53.  
To enable detailed biochemical and cellular studies with 
the BRD7 bromodomain, we aimed at total chemical 
synthesis of this domain by solid phase peptide synthesis 
and native chemical ligation between a C-terminal 
mercaptopropionic acid-Leu (mpaL) thioester and an N-
terminal cysteine. However, the bromodomain is relatively 
long (108 aa) and contains only a single cysteine residue 
located at position 76, making this a challenging target. 
Since synthesis of this domain by classical native chemical 
ligation would involve synthesis of a 75 aa long peptide-
thioester, which we thought unfavorable, we chose to use a 
alternative approach.  
We extended the previously developed 
homocysteine/methionine ligation strategies to allow for 2 
sequential ligations of three peptide fragments. The key 
innovative step in our work was the on-resin S-/N-
deprotection of the N-terminal homocysteine of the middle 
fragment, followed by on-resin reaction with formaldehyde 
and cleavage from the resin to give an N-terminally 
protected omonasteine-peptide-mpaL thioester. 
Omonasteine or 1,3-thiazinane-4-carboxylic acid can be 
readily reconverted to homocysteine by reaction with N-
methyl-hydroxylamine.HCl, analogous to the conversion of 
thiaproline to cysteine, which is routinely used in sequential 
NCL strategies. After the first homocysteine ligation, the 
omonasteine was reconverted to homocysteine and the 
second ligation could be peformed. Methylation of 
homocysteines to native methionines in the completed 
amino acid chain was done with an excess of iodomethane 
in a chaotropic buffer and, following removal of the S-Acm 
protecting group for the single cysteine, we obtained the 
BRD7 bromodomain with a single free cysteine in 
adequate quantities for biological examination. The same 
strategy was used to prepare a fluorescently labeled 
derivative of BRD7 bromodomain. Biological activities of 
the BRD7 bromodomains are assessed.  
 
P140. Abstract number: 452 
Maintaining bioactivity with triazoles as disulfide bond 
mimetics 
K Holland-Nell1, M Meldal2
1University of Leipzig / Institute of Biochemistry, LEIPZIG, 
Germany 
2Carlsberg Laboratory, VALBY, Denmark 

The scope of triazoles as disulfide bond mimetics was 
investigated. In contrast to disulfides, triazoles are not 
affected by disulfide isomerases or reducing agents. 
Moreover, triazoles can be formed in a two component 
approach, comparable that of two cysteins forming a 
disulfide bond. A Huisgen-type cycloaddition of alkyne and 
azide generates the triazole very readily1. Since the 
introduction of Cu(I)-catalysis2, this reaction has been 
applied in many cases3. The two-component approach 
allows the substitution of cysteines in peptides by alkyno- 
and azido-funtionalized amino acids. A straight forward 
peptide synthesis is followed by a cyclization reaction 
leading to triazoles as disulfide bond mimetics.  
The ”click”strategy was applied to substitute the two 
disulfide bonds in tachyplesin-I. This antimicrobial active 
peptide consists of 17 amino acids forming a β-hairpin-
fold4. The two disulfides create a ribbon like structure and 
are essential to stabilise the active conformation of the 
peptide5.  
Two triazole-analogues of tachyplesin-I has been produced 
and studied with respect to their chemical and biological 
properties. Propargylglycin and azido-ornithin/ azido-
amino-butyric acid were used to replace the cysteines 
upon peptide synthesis. The following click reaction 
generates bicyclic peptides, which contain triazoles instead 
of disulfides. Successful cyclization was proved by HPLC 
retention time shifts, MSMS-fragmentation and NMR-
studies.  
Additionally, the biological activity of the cyclic and linear 
species was investigated in an antimicrobial assay. Only 
the correctly folded peptide was able to inhibit the growth 
of different bacterial strains. More importantly, the 
minimum inhibitory concentration was similar to that of the 
wild type tachyplesin-I.  
Therefore the introduction of triazoles in place of disulfide 
bonds in tachyplesin-I did neither change the structure, nor 
the biological activity. Hence, triazols can be regarded as 
true disulfide mimics.  
1. Huisgen, R.; Szeimies, G.; Moebius, L. Chemische 
Berichte 1967, 100, 2494-507.  
2. Tornø, C. W.; Christensen, C.; Meldal, M. J Org Chem 
2002, 67, 3057-64.  
3. Meldal, M.; Tornø, C. W. Chemical Reviews 2008, 108, 
2952-3015.  
4. Nakamura, T.; Furunaka, H.; Miyata, T.; Tokunaga, F.; 
Muta, T.; Iwanaga, S.; Niwa, M.; Takao, T.; Shimonishi, Y. 
J. Biol. Chem. 1988, 263, 16709-16713.  
5. Tamamura, H.; Ioma, R.; Niwa, M.; Funakoshi, S.; 
Murakami, T.; Fujii, N. Chem Pharm Bull 1993, 41, 978-
980.  
 
P141. Abstract number: 471 
Ne-(Thiaprolyl)-lysine as a handle for site-specific 
protein conjugation 
D Suylen1, P Van de Vijver1, A Dirksen2, PE Dawson2, TM 
Hackeng1

1Maastricht University, MAASTRICHT, The Netherlands 
2The Scripps Research Institute, LA JOLLA, United States 
of America 
Covalent bioconjugation of proteins is an attractive 
approach for the selective modification of proteins for 
structure-function analysis and biomolecular imaging. A 
number of strategies exist for the functionalization of 
proteins, and most of these rely on the use of either 
amines or thiols as attachment points for derivatization of 
native proteins. However, these strategies come with 
significant limitations and an alternative strategy involves 
the introduction of orthogonally reactive or protected 
reactive groups into (semisynthetic) proteins.  
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Here, we introduce the use of a thiaproline modified lysine 
side-chain (Lys(Thz)), as an unlockable handle that 
enables late-stage, site-selective modification of chemically 
synthesized proteins. The Lys(Thz) residue was 
incorporated into the murine chemokine RANTES to 
demonstrate its compatibility with Boc/Bzl solid phase 
peptide synthesis, native chemical ligation, and disulfide 
bond formation. After oxidative folding of the protein, the 
thiol was liberated under mild reaction conditions (0.2 M 
hydroxylamine (NH2OH) or O-methylhydroxylamine 
(MeONH2), pH 4) and was subsequently reacted with thiol-
selective tags. This side chain protection strategy enables 
the use of readily available thiol-reactive probes for the 
modification of internally disulfide bonded proteins not 
interfering with their native fold.  
 
P142. Abstract number: 539 
Convenient synthesis of C-terminal glycopeptide 
conjugates via Click chemistry 
JP EBRAN, N DENDANE, O CASTILLO AGUILERA, O 
MELNYK 
Institut de Biologie de Lille, LILLE, France 
Glycoproteins are involved in many biological processes 
including among other things, immune defense, cell growth 
or inflammation. Access to natural glycoproteins and 
glycopeptides are usually achieved by recombinant 
techniques or, by total or semisynthetic chemical ligation 
strategies. Another approach relies on the conception of 
glycopeptides mimetics containing unnatural linkages 
between the peptide and oligosaccharide moieties using 
chemical ligation. To that purpose, the regioselective Cu-
Catalyzed Azide-Alkyne Cycloaddition (CuAAC) developed 
independently by Meldal1 and Sharpless2 proved to be a 
very efficient and versatile tool. Indeed the chimioselective 
1,3-dipolar cycloaddition between an organic azide and a 
terminal alkyne lead to the linkage 1,4-disubstituted 
triazole. Previous works3,4 have reported the CuAAC 
ligation of unprotected azide carbohydrates and alkyne 
side chain peptides.  
Recently our research focused on the design of an 
innovative synthesis of unprotected C-terminal azide linker 
peptides and their application to copper catalyzed 
cycloaddition with oligosaccharide-based acetylenes. First 
the method encompasses a reliable, safe and efficient 
synthesis of amine-azide linker salts. Next aminolysis 
cleavage from solid support of side-chain deprotected 
peptides is achieved using the amine-azide linker. The 
released C-terminal azide peptides undergo Copper (I)-
catalyzed [3+2] cycloaddition in mild reaction condition with 
various glycosides such as quinic and shikimic acids 
derivatives.5   
The C-terminal azide linker peptides approach represents 
an alternative to the commonly used side chain modified 
peptides and an original strategy to access C-terminal 
glycopeptides. This method could also be applied to other 
carbohydrate scaffolds or alkyne peptide conjugates.  
1 C. W. Tornøe, C. Christensen, M. Meldal J. Org. Chem. 
2002, 67, 3057-3064.  
2 V. V. Rostovtsev, L. G. Green, V. V. Folkin, K. B. 
Sharpless Angew. Chem. Int. Ed. 2002, 41, 2596-2599.  
3 H. Lin, C. T. Walsh J. Am. Chem. Soc. 2004, 126, 
13998-14003.  
4 Q. Wan, J. Chen, G. Chen, S. J. Danishefsky J. Org. 
Chem. 2006, 71, 8244-8246.  
5 a) C. Grandjean, H. Gras-Masse, O. Melnyk Chem. Eur. 
J. 2001, 7, 230-239. b) G. Angyalosi, C. Grandjean, M. 
Lamirand, C. Auriault, H. Gras-Masse, O. Melnyk Bioorg. 
Med. Chem. Lett. 2002, 12, 2723-2727.  
 

P143. Abstract number: 551 
Preparation of Thioacid-containing Amino Acids and 
Peptides and their Application in Ligation Reactions 
VW Wittmann, O Keiper, J Mannuthodikayil 
Universität Konstanz, KONSTANZ, Germany 
Ligation reactions have emerged as an important tool for 
the chemoselective conjugation of large and complex 
molecules. One recent example is the reaction of 
thiocarboxylic acids (thioacids) with electron-deficient 
organic azides, such as sulfonyl azides [1]. This reaction 
proceeds at room temperature in different solvents and 
leads to N-acylsulfonamides in excellent yields. In the 
peptide field, this ligation reaction has been applied for the 
synthesis of peptide mimetics [2] and C-terminal labeling of 
peptide thioacids [3].  
Here we present the preparation of amino acid and peptide 
derivatives containing aspartic acid (Asp) and glutamic acid 
(Glu) residues with a suitably protected thioacid in their 
side chain. Several protecting groups such as trityl 
thioesters and other acid-labile groups have been 
evaluated for their stability under peptide synthesis 
conditions and their ease of deprotection. These 
compounds then served as precursors for amino acids and 
peptides with a side-chain thioacid. Whereas the more 
traditional approach to thioacids, i.e. the hydrothiolysis of 
side chain-activated Asp and Glu derivatives, was 
accompanied by diacyl disulfide byproducts due to thioacid 
oxidation, our procedure gave the thioacids in high purity. 
Subsequent ligation of sulfonyl azide-modified 
carbohydrates and fluorescent dyes gave access to the 
corresponding peptide conjugates (glycopeptides, 
fluorescently labeled peptides).  
[1] R. V. Kolakowski, N. Shangguan, R. R. Sauers, L. J. 
Williams, J. Am. Chem. Soc. 2006, 128, 5695-5702.  
[2] R. Merkx, A. J. Brouwer, D. T. S. Rijkers, R. M. J. 
Liskamp, Org. Lett. 2005, 7, 1125-1128.  
[3] X. Zhang, F. Li, X.-W. Lu, C.-F. Liu, Bioconjugate 
Chem. 2009, 20, 197-200. 
 
P144. Abstract number: 552 
Molecular dynamics calculation and NMR 
conformational studies of heterodetic triazolyl cyclo-
nonapeptides: a comparative study 
MS Scrima1, P Rovero2, AM Papini3, M Chorev4, AM 
D'Ursi1
1University of Salerno, FISCIANO, Italy 
2Laboratory of Peptide & Protein Chemistry & Biology, Polo 
Scientifico e Tecnolog, FLORENCE, Italy 
3Dipartimento di Chimica Organica, Polo Scientifico e 
Tecnologico, University of, FLORENCE, Italy 
4Laboratory for Translational Research, Harvard Medical 
School, CAMBRIDGE, United States of America 
A solid phase assembly of model peptides derived from 
human parathyroid hormone-related protein (11-19) 
containing omega-azido- and omega-yl-alfa-amino acid 
residues in positions i and i+4 was cyclised in solution by 
an intramolecular Cu(I)-catalyzed azide-alkyne 1,3-dipolar 
Huisgen’s cycloaddition. These series of heterodetic cyclo-
nonapeptides varied in the size of the disubstituted-
[1,2,3]triazolyl-containing bridge, the location and the 
orientation of the [1,2,3]triazolyl moiety within the bridge. 
The [1,2,3]triazolyl moiety, presented at either 1,4- or 4,1-
orientation, is flanked by side chains containing 1-4 
methylenes that result in bridges comprised from 4-7 
methylenes connecting residues 13 and 17. We have 
recently reported a comprehensive conformational analysis 
employing CD, NMR and molecular dynamics in water-
hexafluoroacetone (1:1, v/v).(Scrima et al. Euro JOC 2009) 
Our data showed that all heterodetic cyclo-nonapeptides in 
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which the [1,2,3]triazolyl is flanked by a total of 5 or 6 
methylenes nicely accommodate alfa-helical 
structures.Here we present an extensive unconstrained 
molecular dynamic calculation on the mentioned series of 
heterodetic cyclo-nonapeptides. The results of MD studies 
were compared to the experimental NMR data obtained in 
DMSO/water and in HFA/water solvents. MD trajectories 
confirm NMR structural data. MD data allow to assess the 
role of the triazolyl moiety, the size of the methylen bridge, 
the side chain specificity on the stabilization of the cyclo-
peptide regular secondary structures 
 
P145. Abstract number: 565 
Reverse ligation approach to dendrimeric peptide 
platforms: solution and solid phase studies 
B.G. De la Torre, M Monsó, D Andreu 
Pompeu Fabra University, BARCELONA, Spain 
Multimerization is recognized as one of the most effective 
tools for enhancing peptide immunogenicity. MAPs 
(multiple antigenic peptides; Tam, 1988) are the most 
popular type of multimeric immunogen, based on a core of 
Lys dendrites onto which a number of peptide epitopes are 
attached. MAPs were first prepared by standard SPPS 
methods and later through various forms of solution ligation 
that allegedly improved on the all-SPPS approach. The 
most frequent solution approach uses a dendrimeric Lys 
platform functionalized with α- and ε-chloroacetyl (ClAc) 
groups to which peptide epitopes (with a C-terminal Cys 
and N-terminally acylated) are then linked via thioether 
bonds. We have explored the reverse approach, namely a 
thiol-functionalized dendrimeric platform to which ClAc-
modified peptide epitopes are linked. This approach is 
advantageous in that (i) in situ TCEP reduction avoids 
disulfide formation and continuously maintains the thiol 
platform reactive; (ii) TCEP amounts are low enough to 
pose minimal damage to ClAc groups in the peptide 
epitope; (iii) byproduct formation is significantly reduced 
and the end product is therefore more homogeneous and 
easy to purify; (iv) last but not least, ligations can be run to 
quantitative replacement at all thiol sites, vs. the partial 
replacement levels inevitably encountered in the original 
procedure. Examples of application of this reverse ligation 
approach in both solution and solid phase contexts will be 
given. 
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P146. Abstract number: 6 
Artificial Supersecondary Structure Composed of 
Triple Helix-Triple Helix Dimer from Three-Armed 
Collagen-Like Peptides 
NH Higashi, Y Kawashaki, T Koga 
Doshisha University, Department of Molecular Chemistry & 
Biochemistry, KYOTANBE, KYOTO, Japan 
Exploring the self-assembling properties of artificial 
peptides has been useful for designing functional 
nanomaterials as well as structural model of native 
proteins. As part of our research into peptide 
nanoarchitectures[1], we descibe herein a collagen-like 
foldamer. Collagen is defined by a triple helix motif, where 
three left-handed polyproline II-like chains supercoil 
together to form a right-handed super helix. Collage is 
composed primarily of Gly-Xaa-Yaa repeating trimeric 
units, where Xaa and Yaa residues are predominantly Pro 
and Hyp, respectively. In synthetic collagen structures, 
primarily sequence of peptides can affect significantly 
folding stability, and however the incorporation of a scaffold 
into the design of peptidomimetics can reinforce 
intramolecular folding of peptides. In the present study, a 
novel collagen-like triple helix foldamer, in which three 
(Gly-Pro-Hyp)5 chains were connected by Lys through a 
flexible and hydrophilic linker, were newly prepared by 
standard solid phase synthesis. This peptide was found to 
form a new class of artificial supersecondary structure 
composed of triple helix-triple helix dimmer in MeOH. In 
addition, effects of temperature and molecular structures 
on stabilization of such triple helix-based supersecondary 
structure were investigated in detail.  
[1] T. Koga, M. Matsuoka, N. Higashi, J. Am. Chem. Soc., 
127, 17596 (2005). 
 
P147. Abstract number: 10 
Dimerization of tertiary amides leads to improved 
affinity for melanocortin receptors 
K. Mutulis1, S Yahorava1, I Mutule2, A Yahorau1, E 
Liepinsh2, J Kreicberga3, S Veiksina4, S Kopanchuk4, JES 
Wikberg1

1Uppsala University, UPPSALA, Sweden 
2Latvian Institute of Organic Synthesis, RIGA, Latvia 
3Riga Technical University, RIGA, Latvia 
4Tartu University, TARTU, Estonia 
Melanocortin receptors are G-protein coupled, seven coil 
transmembrane entities, playing an important role in many 
living processes in animals and humans. They are known 
five subtypes (MC1-5R). Endogenous ligands of 
melanocortin receptors are peptides, called melanocortins. 
Melanocortin receptors are potential targets for therapeutic 
drugs. Working on design of such drugs, we have 
previously created a simple solid phase process for 
preparation of highly diverse tertiary amides imitating 
active core of melanocortins [F. Mutulis et al, Bioorganic & 
Medicinal Chemistry 15 (2007) 5787-5810]. Now, we report 
on extension of our method leading to dimers of tertiary 
amides. To achieve dimerization, we employed capability 
of 2,3-unsubstituted indole derivatives to form oligomers in 
presence of acids. For example, when attached to polymer 
N-(2-aminoethyl)-N-benzyl-1H-indole-5-carboxamide (1) 
was treated with trifluoroacetic acid in presence of 1,2-
ethanedithiol, the tertiary amide (1), its dimer - N5,N5’-bis(2-
aminoethyl)-N5,N5’-dibenzyl-2,3-dihydro-1H,1'H-2,3'-
biindole-5,5'-dicarboxamide (2), and the dimer with 
incorporation of 1,2-ethanedithiol - 3-(2-{2-amino-5-[(2-
aminoethyl)(benzyl)carbamoyl]phenyl}-1-(2-
mercaptoethylthio)ethyl)-N-(2-aminoethyl)-N-benzyl-1H-
indole-5-carboxamide (3) were simultaneously yielded . A 
series of 17 compounds was prepared. Tested on 

recombinant melanocortin receptors MC1,2-5R, they showed 
binding affinity to them reaching submicromolar Ki range. 
Typically, dimers were more active than corresponding 
monomers. So, affinities of 1-3 to MC5R were 87, 0.39 and 
0.66 µM, correspondingly. According to our interpretation, 
dimers fill receptor binding pockets more efficiently than 
corresponding monomers, finding more positive 
interactions and, as a consequence, displaying an 
increased affinity. 
 
P148 Abstract number: 15 
Peptoid-Peptide Hybrides as Targeting the Polo-box 
domain of Polo-like Kinase1 
JK Bang 
Korea Basic Science Institute, CHUNGBUK, South-Korea 
Poly-N-substituted glycines or peptoids are excellently 
suitable for transformation of peptides consisting of several 
amino acid residues into mimetics retaining the biological 
activity of the original peptides while reducing of some of 
their defects such as enzymatic degradation and 
membrane permeability.  
Polo-like kinase 1(plk1) has a pivotal role in cell 
proliferation and is considered a potential target for anti 
cancer therapy. Bang et al.1 have described the structural 
and functional analyses of minimal phosphopeptides 
targeting the polo-box domain of polo-like kinases 1. 
According to this result, minimal phospho-pentapeptide Ac-
PLHSpT-NH2 specifically binds to the PBD of Plk1, but not 
those of the closely related Plk2 and Plk3.  
To better understand the structural requirements for this 
interaction, we generated peptoid-peptide hybrids. Here, 
we provide, in detail, the systematic transformation of the 
former pentapeptide ligand to all possible combination of 
the corresponding peptoid-peptide hybrids with the 
appropriate side chains. A peptoid-peptide hybrid library 
containing 34 ligands based on Ac-PLHSpT-NH2 was 
synthesized using ”submonomer”approach of Zuckerman 
method 
 
P149. Abstract number: 31 
Regiospesific derivatization of hydroxy and amino 
benzoic acids by SPOC 
T.S Shalit1, G.G Gellerman1, A.A Albeck2

1Ariel university center, ARIEL, Israel 
2Bar Ilan university, RAMAT GAN, Israel 
Substituted benzoic acids, that possess several hydroxy 
and amino groups, provide a useful template for 
combinatorial chemistry. Specifically, a protocol has been 
developed that employs amidation, alkylation, urea 
formation, Mitsunobu reaction1 and other reactions used in 
Solid Phase Organic Chemistry (SPOC), for regiospecific 
derivatization of benzoic acids. In this work, starting 
hydroxy or aminobenzoic acid scaffolds are loaded directly 
on the chlorotrityl resin through the more nucleophilic 
carboxylate anion, leaving the hydroxy and amino groups 
untouched and ready for the following derivatization .  
The protecting groups of the tethers used in this work were 
matched to the orthogonal or semiorthogonal combinations 
namely Alloc/Allyl, o-Nosyl, Fmoc, Boc and Cbz. The 
synthetic routes reported in this work are short, general 
and applicable for the preparation of libraries, controlling 
protection and positioning of peripheral moieties. This 
method is operationally simple and provides the products 
with high purity and in good yields. 
 
P150. Abstract number: 33 
Peptidomimetic PKB/Akt inhibitors as anti-cancer drug 
leads 
Y.T.G. Tal-Gan, S Klein, A Levitzki, C Gilon 
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The Hebrew University of Jerusalem, JERUSALEM, Israel 
Protein Kinase B (PKB/Akt), a member of the Ser/Thr 
kinase family, is involved in cell proliferation and 
suppresses cell death (apoptosis). Persistently activated 
PKB/Akt is associated with many types of human cancer, 
such as breast, colon, ovary, pancreas, head and neck, 
and prostate cancer. Inhibition of PKB/Akt is therefore an 
attractive strategy for targeted cancer therapy. Screening 
of small molecules as enzyme inhibitors is very common. 
However, in the case of ATP-mimetic kinase inhibitors, the 
resulting small molecular inhibitors usually exhibit low 
selectivity towards the desired kinase, because kinase 
ATP-binding sites are strongly conserved. Substrate-based 
inhibitors, especially those based on the peptidic nature of 
the substrate, are more likely to be selective, because the 
substrate-binding site on each kinase is specific.  
Recently, a series of peptides derived from a PKB/Akt 
substrate - the protein Glycogen Synthase Kinase 3 (GSK-
3) - was developed and their interactions with PKB/Akt 
were studied. The peptide Arg-Pro-Arg-Nva-Tyr-Dap-Hol 
(PTR6154), based on the GSK-3 substrate peptide Arg-
Pro-Arg-Thr-Ser-Ser-Phe, was found to be a selective 
PKB/Akt inhibitor.1 In order to improve the potency and 
pharmacological properties of PTR6154 and of its 
cholesteryl analog PTR6164,1 we generated various 
peptidomimetics based on PTR6154. Modifications to the 
parent peptide included backbone cyclization2 and the 
following mono scans: N�-methylation,3 peptoid3 and aza-
amino acid. We found few analogs that are up to 5-fold 
more potent than PTR6164/PTR6154 in vitro. We are now 
evaluating their potency as inhibitors of cell proliferation, 
utilizing cell lines derived from cancers in which the 
PKB/Akt pathway is over-activated. The most successful 
inhibitors will be evaluated as anti-tumor agents, using 
xenograft animal models based on the same cell lines.  
1. Litman, P.; Ohne, O.; Ben-Yaakov, S.; Shemesh-
Darvish, L.; Yechezkel, T.; Salitra, Y.; Rubnov, S.; Cohen, 
I.; Senderowitz, H.; Kidron, D.; Livnah, O.; Levitzki, A.; 
Livnah, N. Biochemistry 2007, 46, 4716-4724.  
2. Hurevich, M.; Tal-Gan, Y.; Klein, S.; Barda, Y.; Levitzki, 
A.; Gilon, C. J Pept Sci 2010, 16, 178-185.  
3. Tal-Gan, Y.; Freeman, N. S.; Klein, S.; Levitzki, A.; 
Gilon, C. Bioorg Med Chem 2010.  
 
P151. Abstract number: 42 
Application of Fragment Based Drug Design for the 
discovery of peptidomimetic as inhibitors of 
cyclophilin's. 
JFG Guichou1, LC Colliandre1, Pawlotsky2, Ahmed-
Belkacem2

1CBS UMR5048, MONTPELLIER, France 
2IMRB U955, CRÉTEIL, France 
Hepatitis C virus (HCV) is a major causative agent of 
chronic hepatitis, cirrhosis, and hepatocellular carcinoma. 
Approximately 200 million individuals are infected 
worldwide and HCV infection causes approximately 
280,000 deaths per year. The current standard treatment 
for chronic hepatitis C is based on the use of pegylated 
interferon (IFN-�) in combination with ribavirin for up to 
one year. However, only up to 50% of patient with HCV 
genotype 1 infection can eradicate infection upon therapy. 
Moreover, both IFN-� and ribavirin are associated with 
adverse effects. Therefore, more efficient and better 
tolerated therapies are needed for hepatitis C. Current 
HCV ”Drug Discovery”efforts focus primarily on developing 
molecules that specifically inhibit the function of two viral 
enzymes: the NS3-4A serine protease and the NS5B RNA-
dependant polymerase, both of which are essential for viral 
replication. However, due to the high genetic variability of 

the virus, amino acid substitutions that confer drug 
resistance are likely to emerge during treatment with 
specific inhibitors of the HCV protease or polymerase. 
Since viruses depend on host-derived factors that are 
required for viral replication and may be less prone to the 
development of drug resistance. Cyclophilin’s are cellular 
factor that were initially identified as having high affinity for 
cyclosporine A (CsA), an immonusuppressive agent. 
Cyclophilins form a family of peptidyl-prolyl isomerases that 
catalyze the cis-trans interconversion of amino-terminal 
peptide bonds to praline residues, facilitating changes in 
protein conformation. Some authors have recently reported 
the involvement of CypA and Bin HCV genome replication 
and proposed a model for the molecular mechanism, 
where Cyp’s would interact with NS5B and promote its 
RNA binding affinity. The Cyp’s represents an interesting 
target for the development of new antiviral strategies 
targeting HCV replication without targeting viral enzymes. 
The oral presentation or poster will shown the application 
of Fragment Based Drug Design to Cyclophilin’s for the 
design and synthesis of peptidomimetic as inhibitors for 
these enzymes. In particular, we will demonstrate the use 
of this technique for the rational design of peptidomimetic 
based on cyclosporine scaffold. 
 
P152. Abstract number: 52 
SPOS route to Novel 9-Anilinoacridine Derivatives: 
Biological Evaluation 
GG Gellerman1, VG Gaisin1, SW Waintraub1, AB 
Budovsky2, SA Aronov2

1Department of Biological Chemistry, Ariel University 
Center of Samaria, ARIEL, Israel 
2Department of Molecular Biology, Ariel University Center 
of Samaria, ARIEL, Israel 
The 9-aminoacridine (9-AA) core fragment is a structure of 
interest to medicinal chemists and appears in many 
biologically active compounds, mostly with anticancer and 
anti-malaria applications. In the field of antitumor DNA-
intercalating agents, 9-anilinoacridines derivatives play an 
important role due to their antiproliferative properties1. 
Several cancer chemotherapeutics based on the 9-
aminoacridine scaffold, such as Amascrine and Ledakrin, 
have been developed. So far, 9-AA analogs have been 
prepared through several step synthesis involving harsh 
conditions and laborious purification of intermediates and 
final compounds. Thus, finding short and efficient methods 
for the rapid generation of new 9-AA core based 
compounds will greatly enhance their availability for 
examination in biological systems. We have previously 
demonstrated a new, highly-efficient, one-pot derivatization 
in solution of 9-AA at the 9-amine position by simple 
reductive amination, addition-elimination or SNAr reactions 
yielding series of novel substituted N(9)-
benzylaminoacridines, N(9)- quinoneaminoacridines and 
N(9)-anilinoacridines correspondingly2. This unique 
method allows formation of aniline, benzyl and quinone 
tether with electron withdrawing (EW) groups in 9-AAs. 
This is a difficult task to accomplish using traditional 
nucleophilic substitution of the deactivated amines on 9-
chloroacridines. Recently, we also developed a solid phase 
organic synthesis (SPOS) approach to novel 9-AA 
derivatives and various mono- and bis-9-anilinoacridine 
peptidyl conjugates. Such synthetic strategy rapidly 
generates 9-AAs with variable spacer lengths and charged, 
polar or hydrophobic residues at desired positions, which 
can increase binding affinity, conformation stability and/or 
biological activity.  
This observation can be explained in terms of SAR 
centered on the substitution pattern on the aniline moiety. 
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We focus our current studies on the optimization of the 
recently discovered submicromolar leads against MDM-
MD-A31 (renal cancer), OVCAR8 (ovarian cancer) and 
MCF7mito (mitoxantrone selected and associated with 
MDR phenomena) breast cancer. Our latest most 
promising results will be presented.  
1. Sebestík et al., ”A role of the 9-aminoacridines and their 
conjugates in a life science”. Curr. Pro. Pep. Sci. 2007, 8: 
471-83.  
2. Gellerman et al., 'One-pot derivatization of medicinally 
important 9-aminoacridines by reductive amination and 
SNAr reaction' Tet. Lett., 2010, 51, 836-839. 
 
P153. Abstract number: 83 
Hepatitis C Virus NS3 Protease Inhibitors based on 
2(1H)-Pyrazinones 
AK Belfrage1, J Gising1, P Örtqvist1, UH Danielson2, M 
Larhed1, A Sandström1

1Uppsala university, dep. Medicinal chemistry, UPPSALA, 
Sweden 
2Department of Biochemistry and Organic Chemistry, 
UPPSALA, Sweden 
Protease inhibitors based on substituted pyrazinones have 
proved to function as non-peptidic β-strand conformation 
inducers. Consequently, these heterocyclic systems are 
interesting from a medicinal chemistry point of view. 
Molecular modelling of HCV NS3 protease inhibitors 
suggested that the space occupied by the P2 side chain 
could be reached by the substituent in position six on the 
P3-pyrazinone. We have previously reported a rapid 
microwave method for synthesis of N-1, C-6-disubstituted 
3,5-dichloro-2(1H)-pyrazinones1 which enables the 
introduction of a variety of substituents in crucial positions. 
We herein present our further optimization of these 
pyrazinone based inhibitors.  
(1) Gising, J., et al. Org. Biomol. Chem., 2009, 7, 2809-
2815.  
 
P154. Abstract number: 102 
Design, synthesis and evaluation of GPCRs ligands 
based on 1,2,4-triazole scaffold. 
MB Bibian1, E Boejnik2, N Bernad1, B Sandor2, J Martinez1, 
JA Fehrentz1

1Institut des Biomolecules Max Mousseron, 
MONTPELLIER, France 
2Biological Research Center, Institute of Biochemistry, 
Opioid Receptor Group, SZEGED, Hungary 
A large part of the hormonal communication is mediated by 
peptide - GPCR (G-protein coupled receptor) interactions. 
At the central nervous system (CNS) level, the physical 
and pharmacokinetic properties of such peptides are 
responsible for their poor bioavailability when administrated 
per os. To overcome the problems linked to the nature of 
the peptide bound, a strategy of replacement of the amide 
bond by heterocycles led us to develop a new family of 
peptidomimetic compounds based on the 1,2,4-triazole 
scaffold trisubstituted in positions 3, 4 and 5. We described 
a new synthesis for these compounds using silver 
benzoate as a key reagent.  
Starting from small active peptidic sequences with high 
affinity for the receptor we tried to rigidify each amide bond, 
in a kind of ”triazole scan”. Two biological targets have 
been chosen to study the validity of this approach: CCK2-R 
and opioids receptors. For each of these compounds we 
measured the affinity for the targeted receptor. This studies 
results in an exploration of the binding pocket with these 
constrained analogs. With the obtained affinity data we 
could have a better comprehension of the spatial side 
chains arrangement during the interactions between the 

native peptide and its biological target. The first results and 
interpretations will be discussed.  
 
P155. Abstract number: 105 
Novel Peptidyl 9-Anilinoacridines and Their Biological 
Evaluation: from Solution to SPOS 
T.B Brider, S Aronov, GG Gellerman 
Ariel university center, ARIEL, Israel 
9-Anilinoacridines (9-AA) and their conjugates play an 
important role in anticancer and anti-malaria applications 
as drugs and biomolecular probes. The mode of binding of 
acridine derivatives involves intercalation of the acridine 
core in the DNA duplex interfering the normal DNA function 
by blocking the polymerases to synthesize RNA and DNA 
leading to inhibition of protein synthesis.  
We previously have shown a new one-pot synthesis in 
solution of 9-aminoacridine by simple reductive amination, 
addition-elimination or SNAr reactions, yielding series of 
novel substituted N(9)-benzylaminoacridines, N(9)-
quinonoaminoacridines and N(9)-anilinoacridines 
correspondingly.1  
Recently, we developed a convenient and short synthesis 
of novel mono- and bis-9-anilinoacridine peptidyle 
conjugates on solid support using these reactions. Such a 
synthetic strategy rapidly generates 9-AAs with variable 
amino acid tethers, spacer length and charged residues at 
desired positions avoiding tedious purification and can 
increase binding affinity, conformation stability and 
extensive SAR evaluation.  
Solid-phase synthesis and chemistry of such compounds 
suitable for library construction and biological screening will 
be presented. 
 
P156. Abstract number: 108 
Peptide Nucleic Acids With Chiral Backbone - 
Synthesis, Properties And Some Applications 
A. Dzimbova, T Pajpanova 
Institute of Molecular Biology, SOFIA, Bulgaria 
Peptide nucleic acids (PNAs) are new completely artificial 
DNA/RNA analogs in which the backbone is replaced by 
pseudopeptide. Originally conceived as agents for double-
stranded DNA binding, the unique properties of PNAs as 
DNA mimics were first exploited for gene therapy drug 
design. Now PNAs are used in different fields as antigene 
and antisense agents, as delivery agents, in PCR and Q-
PNA PCR, Nuclear acid capture, Solid-phase hybridization 
techniques. Many types of PNAs were synthesized with the 
aim to increase their binding affinity to specific DNA/RNA, 
their bioavailability and stability in vivo.  
We present here synthesis and some physico-chemical 
properties of new PNAs with chiral backbone, containing 
unnatural amino acids. Amino acid analogs were based on 
the natural amino acids Arg, Orn and Lys.  
We are grateful to the European Social Fund and Ministry 
of Labor and Social Policy (Contract BG051РО001-
3.3.04/58 - 2009) and NFSR of Bulgaria (Contract MY-FS-
13-07).  
 
P157. Abstract number: 110 
The Synthesis of antibacterial Dihydropyridine based 
peptide -Drug Hybrids 
LI Lapidot1, S Shatzmiller1, G Gellerman1, A Albeck2

1Ariel University Center, ARIEL, Israel 
2Bar-Ilan University, RAMAT-GAN, Israel 
The antibacterial pentapeptide KAAAK motive present in 
Dermaseptin 1 was modified to a hybridic constract where 
the central AAA were replaced by a 4-(4-methoxyphenyl)-
1,2,6-trimethyl-1,4-dihydropyridine-3,5-dicarboxylic acid 
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moiety in solution . The synthesis and biological activity of 
the resulting KAAK peptide surrogates will be presented.  
The phenomenon of fault tolerance bacteria resistant, is a 
global problem and hard to treat, that is getting worse.  
Therefore, it is necessary to discover new antibiotics.  
These needs surface the necessary effort and pressure to 
investigate new derivatives of various known and novel 
Scaffolds, among them are the 1,4-Dihydropyridines. The 
latter are abundant source of molecules with proven 
biological activity.  
The present research refers to the phenomenon of 
pharmacokinetics as well as pharmaco-dynamics in 
pharmacologic activity. Namely, the modification that 
extends use of existing medicines. In particular, the final 
changes of the medications which are known and usable. 
For medicines known, this change is achieved by 
combining them with peptides units sequences (based on 
Dermaseptin fragments), in order to produce hybrid drug 
like molecules with better desired potential therapeutic 
features. 
 
P158. Abstract number: 116 
The role of disulfide bridge in SFTI-1 trypsin inhibitor 
in the inhibition of serine proteinases. 
D.D. Debowski, A Legowska, M Wysocka, A Lesner, K 
Rolka 
University of Gdansk, GDANSK, Poland 
Series of 14 monocyclic analogues of trypsin inhibitor 
SFTI-1 isolated from sunflower seeds were synthesized by 
the solid phase method. The intention of this work was to 
establish the role of disulfide bridge involved side chains of 
Cys3 and Cys11 present in the inhibitor on association with 
serine proteinase. This cyclic element was replaced by 
disulfide bridges formed by Pen (L-pencillamine), homo-L-
cysteine (Hcy), N-sulfanylethylglycine (Nhcy) or 
combitation of these residues with Cys. In substrate 
specificity P1 position of the analogues synthesized Lys, 
Nlys (N-(4-aminobutyl)glycine), Phe or Nphe (N-
benzylglycine) were present and therefore they were 
checked for trypsin and chymotrypsin inhibitory activity. 
The results obtained clearly shown that Pen and Nhcy are 
not accepted in position 3, yielding inactive analogues 
whereas second Cys residue can be substituted without 
significant impact on affinity towards proteinase. On the 
other hand, lengthening of Cys3 side chain (introduction of 
Hcy) does not affect inhibitory activity, and analogue with 
Hcy - Hcy disulfide bridge was more that twice as effective 
as reference compound ([Phe5] SFTI-1) in inhibition of 
bovine α-chympotrypsin. 
 
 
P159. Abstract number: 136 
Structure, Biophysical And Biological Characterization 
Of Somatostatin-Derived Peptidomimetics Inhibiting 
Neurogenic Inflammation 
AS Horváth1, M Huszár1, A Varga1, H Tanai1, J Seprodi1, G 
Bökönyi1, T Vántus1, Z Helyes2, J Szolcsányi2, E Pintér2, K 
Elekes2, G Kéri1
1Pathobiochemistry Res. Group of Hung. Acad. Sci. and 
Semmelweis University, BUDAPEST, Hungary 
2Dept. of Pharmacol. and Pharmacotherapy, Faculty of 
Med. Univ. of Pécs, PÉCS, Hungary 
Somatostatin is a neuropeptide that regulates several 
functions of the endocrine and exocrine systems. It also 
affects cell proliferation and neurogenic inflammation 
through a family of G protein-coupled receptors. 
Neurogenic inflammation plays significant role in the 
pathogenesis of numerous inflammatory diseases (such as 
asthma, arthritis, allergy and migraine). Inhibitory effect of 

somatostatin on inflammation is well known, but the 
pharmaceutical use of the native peptide is limited due to 
its broad spectrum of anti-secretory effects and short 
plasma half-life time. TT-232, a heptapeptide analogue of 
somatostatin (developed by our research group and it’s 
Phase II clinical trials are completed) has selective anti-
tumour and anti-inflammatory effect without regulating 
other endocrine or exocrine processes.  
Receptor-ligand binding experiments with various 
analogues of the somatostatin, as well as TT-232 [DPhe-
c(Cys-Tyr-DTrp-Lys-Cys)-Thr-NH2] verified that the side 
chains of Tyr, DTrp and Lys are important pharmacophoric 
groups for somatostatin-like biological activity. Linear, 
cyclic and branching derivatives were designed and 
synthesized using different amino acids to selectively 
inhibit inflammatory actions. A series of simple, branching 
peptidomimetics were developed by our group comprising 
a flexible core [tris(2-aminoethyl)amine] and three 
protected or unprotected amino acids situated in equal 
positions, representing basic, aromatic and heteroaromatic 
groups in the molecule. Synthesis of the molecules was 
carried out in solution phase. The final products were 
characterized by HPLC, MS and NMR.  
Biophysical characterization of the compounds based on 
their lipophilic character measured by HPLC retention time, 
calculated logP values, as well as by their ability to cross 
artificial biological membrane (PAMPA assay). Substance 
P release from sensory nerve terminals of the isolated rat 
trachea was used to screen their biological effect in vitro. 
The effective molecules were further tested in vivo for their 
actions on cutaneous plasma protein extravasation and 
plantar incision-induced mechanical hyperalgesia in the rat 
hindpaw.  
The structure of the novel compounds and the relationship 
among their structure, lipophilicity and biological activity will 
be discussed. 
 
P160. Abstract number: 148 
Efficient access to orthogonally protected disulfide 
bridge mimetics 
U. K. Meinander1, A Tadd1, K Widell1, K Luthman2, E 
Wallén1

1University of Helsinki, HELSINKI, Finland 
2Göteborg University, GÖTEBORG, Sweden 
Many naturally occurring and engineered biologically active 
peptides are cyclized via disulfide bridges. However, the 
disulfide bond is not as strong as a carbon-carbon bond, it 
can also be easily reduced in vivo to the open chain 
peptide. Interest in peptidomimetics and in vivo 
stabilization of peptides has led us to examine disulfide 
bridge analogues where the disulfide bridge is replaced by 
different carbon chain linkers. Our primary interest is the 
bicyclic peptide C-4 that stimulates the activity of human 
tissue kallikrein 3 (KLK3, also known as prostate specific 
antigen, PSA). The KLK3 stimulating peptide has the 
potential to provide a new non-invasive therapy for prostate 
cancer. The peptide consists of 13 amino acids, with one 
terminal disulfide bridge between cysteines 1 and 13 and 
one internal between cysteines 5 and 10.  
We have successfully developed efficient, high-yielding, 
enantiopure synthetic procedures of four disulfide bridge 
mimetics, possessing an alkyne, a Z-alkene, a E-alkene 
and an fully saturated linker instead of the disulfide bridge. 
These linkers have different geometries and should be able 
to mimic any conformation of the disulfide bridge. The 
mimetics are protected by completely orthogonal protecting 
groups (Fmoc and Boc as N-terminal protecting groups 
and tert-butyl and methyl esters as C-terminal protecting 
groups). We have utilised alkyl copper-zinc/haloalkyne 
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chemistry (previously developed by Knochel) to synthesise 
a disulfide bridge mimetic containing an alkyne moiety. 
Selective and full reduction of the triple-bond using 
Pd/BaSO4 and Pd/C respectively, enabled access to the Z-
alkene and the fully saturated mimetics. For the 
enantiopure synthesis of the corresponding mimetic 
possessing an E-alkene, we successfully employed a 
Grubbs cross-metathesis reaction.  
 
P161. Abstract number: 165 
Design And Synthesis Of Protein-Protein Interaction 
Mimics As Plasmodium Falciparum Cysteine Protease 
Falcipain-2 Inhibitors 
LR Rizzi1, S Sundararaman2, K Cendic1, N Vaiana1, R 
Korde2, D Sinha2, A Mohmmed2, P Malhotra2, S Romeo1

1Università degli Studi di Milano, MILAN, Italy 
2International Centre for Genetic Engineering and 
Biotechnology, ARUNA ASAF ALI MARG, NEWDELHI, 
India 
Cysteine proteases play a significant role in the growth and 
the development of several human parasites such as 
Plasmodium, Leishmania, and Trypanosoma which affect 
more than 3.5 billion people worldwide. Falcipain-2 (FP-2) 
is an important cysteine protease of the human malaria 
parasite, P. falciparum (Pf), and is one of the most 
promising target for the development of new Pf inhibitors.1 
FP-2 plays roles in haemoglobin degradation and 
merozoites egression at the asexual blood stages of 
Plasmodium development. Endogenous cysteine protease 
inhibitors have been described in a number of eukaryotic 
systems and they represent an important platform for new 
drug design. Cystatin and its homologues are natural 
inhibitors of Papain and others cysteine proteases, but the 
high molecular weight and the peptidic structure raise 
difficulties in their exploitation in the drug design process. 
In the present study, we designed a series of small 
peptides that mimic the protein-protein interaction between 
falcipain-2 and Chicken Egg White Cystatin and analyzed 
their effects on falcipain-2 activity.  
These peptide mimics were designed keeping in mind the 
distance of about 4-5 Å between the carbonyl of Pro11 or 
Val12 of cystatin. Three different linkers, γ-aminobutyrric 
acid (GABA), cis-4-aminocyclohexane carboxylic acid and 
a macrocycle formed by GABA and two cysteines joined by 
a disulfide bridge were used to link peptides. Some of 
these compounds showed considerable inhibition (≥50%) 
at 5 M (Ki 2-7.5 M). When these peptide mimics were 
tested against the mature parasite, they also produced 
morphological abnormalities especially in the food vacuole, 
similar to what have been observed with others cysteine 
protease inhibitors. We believe this approach could be an 
excellent starting point for the development of new cysteine 
protease inhibitors and in general for the development of 
new drugs against P. falciparum.  
1) Sijwali, P. S.; Rosenthal, P. J. Gene disruption confirms 
a critical role for the cysteine protease falcipain-2 in 
hemoglobin hydrolysis by Plasmodium falciparum. Proc. 
Natl. Acad. Sci. U. S. A. 2004, 101 (13), 4384-4389.  
 
P162. Abstract number: 170 
Derivatization of Selective Integrin Ligands via Click-
Chemistry for Surface Coating 
FR Rechenmacher1, S Neubauer1, C Mas-Moruno1, P 
Kleiner2, P Cromm1, H Kessler1

1Institute for Advanced Study (IAS), Dept. Chemie, 
Technische Universität München, GARCHING, Germany 
2Klinik für Orthopädie und Unfallchirurgie, Technische 
Universität München, MÜNCHEN, Germany 

Chemoselective ligation is a powerful technique for 
bioconjugation because of its application in low 
concentrations and its compatibility with unprotected 
functional groups.[1] In here, we describe the modification 
of highly active and selective α5β1 and αvβ3 integrin 
ligands with an azide functionality for CuI-catalyzed azide-
alkyne 1,3-dipolar Huisgen’s cycloaddition (CuAAC). In 
contrast to peptides these highly active ligands are able to 
bind selectively to specific integrin subtypes. Based on 
docking experiments and SAR-studies it was found that in 
derivatives of such ligands the isopropoxy group points out 
of the binding pocket and offers the best position for 
functionalization with the azide. In this way the synthesis of 
modified integrin ligands was achieved representing 
building blocks for click-chemistry with arbitrarily 
functionalized alkines for different applications like e.g. 
surface coating.  
Coating of artificial surfaces with cell-adhesive molecules 
provides a strong mechanical contact between cells and 
the surface. Especially α5β1 and αvβ3 are known to 
additionally bind to osteoblasts and osteoclasts as well as 
to activated endothelial cells.[2] So, there is a high demand 
for such coated materials in the field of medicinal 
chemistry, especially for bony ingrowth of implantation 
surfaces like e.g. in orthopedics or in dentistry.[3]  
For anchoring on titanium, which is often used in implant 
surgery, phosphonic acids can be used. In this manner, the 
modified integrin ligands bearing the azide functionality 
undergo a CuI-mediated azide-alkyne cycloaddition with 
alkyne-functionalized protected phosphonate anchors 
under formation of a triazole ring system, followed by 
deprotection of the phosphonate groups. First assays on 
surfaces show a significant improvement of integrin 
adhesion due to the coating with these phosphonic acids 
anchored selective integrin ligands.  
[1] S. S. Gupta, J. Kuzelka, P. Singh, W. G. Lewis, M. 
Manchester, M. G. Finn, Bioconjugate Chemistry 2005, 16, 
1572-1579.  
[2] R. O. Hynes, Nature Medicine 2002, 8, 918-921.  
[3] J. Auernheimer, R. Haubner, M. Schottelius, H.-J. 
Wester, H. Kessler, Helvetica Chimica Acta 2006, 89, 833-
840. 
 
P163. Abstract number: 173 
Highly Active and Selective Integrin Ligands and Their 
Application for Surface Coating via Thiol Anchoring 
SN Neubauer1, F Rechenmacher1, B Laufer1, C Mas-
Moruno1, A Bochen1, P Kleiner2, A Schwede3, JP Spatz3, H 
Kessler1

1Institute for Advanced Study (IAS), Dept. Chemie, 
Technische Universität München, GARCHING, Germany 
2Klinik für Orthopädie und Unfallchirurgie, Technische 
Universität München, MÜNCHEN, Germany 
3Dept. of New Materials and Biosystems, MPI for Metal 
Research, STUTTGART, Germany 
The advantage of peptidomimetics is their specifity to 
adress distinct integrin subtypes in contrast to peptides. So 
up to now it was not possible to investigate the different 
roles of the integrins because there was a lack of highly 
active and selective nonpeptidic integrin ligands.  
Starting from a recently published αvβ3 nonpeptidic 
integrin ligand,[1] we describe the rational design of highly 
active αvβ3 integrin ligands and the optimization of their 
selectivity against α5β1 by means of extensive SAR-
studies and docking experiments.[2] Based on a ligand 
with a tyrosine scaffold we succeeded in obtaining 
compounds with affinities in the low nanomolar range.  
Based on previous experiences of the sterical demand of 
the ligands by extensive docking experiments, it was 



98

Posters 146-189: Peptidomimetics 

shown that the aromatic moiety which is attached to the 
aspartic acid mimic points out of the binding pocket. At this 
position, derivatization of the aromatic system in the para-
position with a spacer (aminohexanoic acid) and a thiol 
anchor group can be performed without changing the 
activity or selectivity profile of the parent ligand. To prove 
this hypothesis, the modified compounds were again 
tested which showed that activity as well as selectivity 
could be conserved.  
This thiol anchor functionality enables coating of titanium or 
gold surfaces by αvβ3 as well as α5β1 selective ligands to 
compare and further investigate the single roles of the 
different integrin subtypes for integrin mediated cell 
adhesion. First tests of the functionalized ligands 
immobilized on surfaces show enhanced integrin adhesion. 
In the future the use of subtype specific functionalized 
integrin ligands will yield new opportunities in biological and 
biophysical investigations with high potential for future 
applications in medicine.  
[1] D. Heckmann, A. Meyer, B. Laufer, G. Zahn, R. 
Stragies, H. Kessler, ChemBioChem 2008, 9, 1397-1407.  
[2] L. Marinelli, A. Meyer, D. Heckmann, A. Lavecchia, E. 
Novellino, H. Kessler, J. Med. Chem. 2005, 48, 4204-4207. 
 
P164. Abstract number: 202 
Stuctural features of antimicrobial aza-β3-peptides 
DR BAUDY-FLOC'H1, B Legrand2, M Laurencin1, C 
Zatylny-Gaudin3, J Henry3, A Bondon2

1UMR CNRS 6226, RENNES, France 
2Université de Rennes 1. RMN-ILP, UMR CNRS 6026, 
35042 RENNES CEDEX, France 
3Université de Caen Basse Normandie, UMR 100 
IFREMER, 14032, CAEN CEDEX, France 
Designing antimicrobial molecules based on 
pseudopeptides to increase the activity, selectivity and 
bioavailability of natural peptides is now widespread. 
Recently, numerous peptidomimetics have been 
developed for biological applications including azapeptides, 
β-peptides, peptoids, oligoureas. In this context, aza-β3-
aminoacids were used as new blocks to compose 
antimicrobial peptide sequences. These monomers are 
analogs of β3-aminoacids in which the CHα is replaced by 
a nitrogen stereocenter conferring a better flexibility to the 
pseudopeptide due to the chiral nitrogen (with a non-fixed 
configuration) bearing the side chain. The nonnatural 
oligomers have an extended conformational space and are 
supposed to adopt non-canonical secondary structures.  
From a natural antimicrobial peptide, depending on the 
aza-β3 residue insertions, the modifications can result 
either in inactive pseudopeptides or in a drastic 
enhancement of the antimicrobial activity without 
cytotoxicity. To understand how the incorporation of aza-
β3-aa modulates the antimicrobial activity, we studied the 
structure of aza-β3-peptides by CD and NMR 
spectroscopy. To date, no solution structures of peptides 
containing aza-β3-aa have been solved. Crystalline 
structures of linear aza-β3-peptides and aza-β3-
cyclopeptides have been determined and exhibit an 
internal hydrogen-bond network leading to bifidic eight-
membered ring pseudocycles, called N-N turn or hydrazino 
turn. Recently, it was demonstrated that the nitrogen 
configuration inversion could be fixed, by incorporating 
chiral monomers among these heteromacrocycles.  
We have determined the first three-dimensional structures 
of naturally related linear pseudopeptides containing aza-
β3-aa in SDS micelles. Insertion of aza-β3-aa 
systematically breaks the natural antimicrobial peptide 
amphipatic helices and induces either stable hydrazinoturn 
conformation or flexible unordered structures. When one 

modified residue is incorporated in a linear sequence, the 
hydrazinoturn seems to be classically surrounded by β-
turns stabilizing the overall peptide structure over 5 
residues. This typical fold was not observable if several 
aza-β3 residues are inserted in closer positions 
destabilizing this motif. We studied the propagation of the 
hydrazino/β-turns succession on model peptides with 
sequences based on aza-β3 residues introduced every 3 
residues: αα(aza-β3)αα(aza-β3)αα[3DOTS]Structure and 
activities will be presented depending on the modifications.  
 
P165. Abstract number: 237 
Screening and optimization of constrained peptides 
mimicking the binding epitope of the CCR5 antibody 
2D7 for structure determination. 
N.S. DAILLY, P Timmerman 
Pepscan Therapeutics, LELYSTAD, The Netherlands 
The creation of peptides as potential protein surface 
mimics has always presented a great interest for the 
development of new therapeutics (mABs, inhibitors, 
vaccines[3DOTS]), especially in difficult cases such as the 
HIV, GPCRs. The chemokine receptor CCR5 belongs to 
the family of Gprotein-coupled receptors and is known to 
be the main coreceptor used for HIV entry (1). However 
little is known about the CCR5 structure, which is generally 
based on rhodopsin crystal structure models (2).  
We present here a screening of constrained peptide 
mimicking the ECL2a loop of CCR5, which is the epitope of 
the neutralizing CCR5 antibody 2D7, in order to know 
which structure is recognized by this antibody and 
determine the conformation of the ECL2a loop. The 
constrained peptides were cyclic peptides and the 
cyclization was performed using the proprietary CLIPSTM 
technology (Chemical LInkage of Peptides onto Scaffolds) 
(3) since this technology was shown very suitable for this 
kind of application (4).  
Those peptides were screened in a competition assay 
using 2D7 in order to optimize their binding to 2D7. This 
optimization touches upon the peptide length, choice of the 
amino acids to be included, and the position of the scaffold.  
With the best peptide, changes were made using different 
scaffolds. The scaffold variation causes dramatic changes 
of the peptide recognition by 2D7. In one hand, scaffolds 
decreased 2D7 recognition of the sequence down to the 
level of the linear peptide, in the other hand, other scaffolds 
increased the sequence binding potency to 2D7 by a factor 
10 compare to the original scaffold.  
From the literature it is know that constraining the peptides 
further increases their structure (5). Therefore we used 
combinations of constraining motifs (scaffold/scaffold, 
scaffold/backbone cyclization, scaffold/disulfide). Those 
doubly constrained peptide showed up to a 100 fold better 
binding than the original single constrained peptide.  
Finally we associated the increase in binding potency of 
the peptides with the increase of b-turn and anti-parallel b-
sheet content in the peptide by using Circular Dicroism. 
The capacity of the best peptide to adopt a b-hairpin 
conformation suggests that the ECL2a loop of CCR5 adopt 
this conformation.  
(1) Lopalco L, Viruses, 2010, 2, 574-600.  
(2) Wang T, J Mol Graph Model, 2008, 26, 1287-95.  
(3) Timmerman P, ChemBioChem. 2005, 5, 821-24.  
(4) Timmerman P, Open Vacc J, 2009, 2, 56-67.  
(5) Timmerman P, J Mol Recogn, 2007, 20, 283-99.  
 
P166. Abstract number: 251 
The detailed studies of the Pictet-Spengler reaction 
used as a method of cyclisation of tryptophan moiety 
K. Pulka, A Misicka 
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University of Warsaw, WARSAW, Poland 
The Pictet-Spengler (PS) reaction is widely applied in the 
synthesis of tetrahydroisoquinoline and tetrahydro-beta-
carboline skeletons, which are found in many alkaloids. 
Such moieties are also useful in peptide chemistry as 
constrained analogs of aromatic amino acids.  
In order to obtain cyclic analogs of tryptophan we have 
utilized P-S reaction with the use of L-TrpOMe as an amino 
component and α-amino aldehydes as chiral carbonyl 
components. Depending on the chirality of α-amino 
aldehydes diastereomeric mixture of tetrahydro-beta-
carbolines is formed [1].  
Recently, the influence of conditions such as solvents, 
temperature and amount of acid on the final result of the 
reaction have been examined. Our studies have shown 
that differently structured compounds (tetrahydro-beta-
carboline and octahydrobipirolloindole moieties) may be 
obtained depending on conditions. In apolar and aprotic 
solvents normal, 6-membered compounds were formed as 
main products, whereas in polar and protic solvents 5-
membered products were obtained. It was also found that 
the rate of formation 5 and 6-membered compounds in 
apolar solvents was probably similar, but 
octahydrobipirolloindole moieties were transformed into 
tetrahydro-beta-carbolines. The temperature and amount 
of acid were also crucial for the results of the PS reaction, 
especially with α-amino aldehydes, because those 
compounds could easily racemize.  
[1] K. Pulka, P. Kulis, D. Tymecka, L. Frankiewicz, M. 
Wilczek, W. Kozminski, A. Misicka, Tetrahedron 64 (2008) 
1506-1514  
 
P167. Abstract number: 255 
Synthesis of peptidomimetics by the Pictet-Spengler 
reaction 
MS Slupska, K Pulka, M Przygodzka, A Misicka 
Warsaw University, WARSAW, Poland 
Tryptophan is often a key pharmacophore which 
determines the affinity of peptide ligands for their receptors. 
Various constrained tryptophan analogues or tryptophan 
containing motifs have been utilized to generate highly 
potent and selective ligands to biological target receptors.  
Cyclic analogues of tryptophan which introduce local 
constraints reduce the flexibillity of the indol moiety are 
very valuable tools to probe the bioactive conformation of 
the peptide ligands. The Pictet-Spengler reaction [1] has 
been one of the possibilities to prepare such analogues, 
with freezed the indol moiety in tryptophan, containing 
1,2,3,4-tetrahydro-β-carboline skeleton. The heterocyclic 
skeleton of 1,2,3,4-tetrahydro-β-carbolines possesses 
multiple sites for functionization, therefore they are an ideal 
choice for the design of pharmacophore-based libraries in 
drug discovery, through generation of a large member of 
structurally diverse compounds.  
We report the synthesis of β3- and β2-homo-tryptophan and 
their derivatives as components to Pictet-Spengler 
reaction. β-Amino acids represent an important class of 
biologically relevant molecules. Oligomers composed of β-
amino acids can form predictable secondary structures 
stable to metabolic transformations and they can mimic α-
peptides in peptide-protein interactions. For these reasons 
β-amino acids are very usefull for peptidomimetics design. 
Pictet-Spengler condensation of L- and D-α-
aminoaldehydes as carbonyl components with dipeptides 
with N-terminal α-Trp or β3-hTrp as arylethylamine 
substrates lead to 1,3-disubstituted 1,2,3,4-tetrahydro-β-
carbolines. The reactons with β2-hTrp derivatives is still 
under investigation. The reaction was studied in terms of 
double stereodifferentiation. The influence of the carboxyl 

terminus of α-Trp and β3-hTrp on the ratio of cis/trans 
products was also investigated. The conformations of 
cyclic products were studied by 2NMR ROESY spectra.  
[1] Pictet A., Spengler T., Ber. Dtsch. Chem. Ges., 1911, 
44, 2030-2036.  
 
P168. Abstract number: 267 
Induction Of A Gamma-Turn In 26rfa And 26rfa(20-26) 
by Insertion Of Azetidine-Derived Amino Acids 
LB LEFRANC1, C Neveu1, JL Baeza2, R González-Muñiz2, 
O Le Marec1, L Guilhaudis3, I Ségalas-Milazzo3, H 
Vaudry1, M Mart?n-Martinez2, J Leprince1

1INSERM U982, MONT SAINT AIGNAN, France 
2Instituto de Qu?mica Médica (CSIC), MADRID, Spain 
3CNRS UMR 6014, MONT-SAINT-AIGNAN, France 
26RFa is a novel neuropeptide of the RFamide family that 
exhibits nanomolar affinity for the orphan G protein-
coupled receptor GPR103. 26RFa and GPR103 mRNAs 
are intensely expressed in the hypothalamus of rodents. 
Icv injection of 26RFa or the strictly conserved C-terminal 
heptapeptide (26RFa(20-26), GGFSFRF-NH2) induces a 
potent orexigenic effect in mice. It has also been found that 
GPR103-KO mice exhibit an early arrest of osteogenesis 
and a kiphotic hump, a phenotype that mimics the 
symptoms of osteoporotic patients. In vitro, 26RFa 
increases [Ca2+]i in GPR103-transfected cells 
(IC50=10.2±1.1 nM) while 26RFa(20-26) is about 75 times 
less potent. Molecular modeling under NMR constraints of 
26RFa shows that, in DPC micelles, the N-terminal region 
encompasses an α-helix while the C-terminal region 
adopts an inverse γ-turn (Phe-Ser-Phe). 26RFa(20-26) 
exhibits a marked distortion of this turn that may be 
responsible for its weak potency. The aim of the present 
study was to stabilize an inverse γ-turn in 26RFa(20-26) and 
in 26RFa. For this purpose we have introduced an 
azetidine-derived residue in position 23 of the peptides 
since this moiety has been shown to promote the 
stabilization of a γ-turn in peptide models. Two Fmoc-
azetidine-derived amino acids harbouring the native Ser 
(AzSer) and Nva (AzNva) side chains have been prepared 
in racemic form starting from H-L-Ser(tBu)-OMe and H-L-
Nva-OMe, respectively. [AzSer23]26RFa(20-26) and 
[AzNva23]26RFa(20-26) diastereoisomers and their full length 
26RFa counterparts have been obtained in pure forms and 
characterized by Maldi-tof MS. The ability of each analog 
to displace [125I]-26RFa from its binding site has been 
studied on membranes from GPR103-expressing CHO 
cells. Neither the couple of diastereoisomers 
[AzSer23]26RFa(20-26) nor the couple of diastereoisomers 
[AzNva23]26RFa(20-26) could compete with [125I]-26RFa 
contrary to the diastereoisomers [AzSer23]- and 
[AzNva23]26RFa. The results from functional assay showed 
that the more hydrophilic [AzNva23]26RFa diastereoisomer 
exhibited an EC50 between those of 26RFa and 26RFa(20-

26), while the 3 other compounds were less potent than 
26RFa(20-26) in mobilizing [Ca2+]i. Structural characterization 
of these peptidomimetics should help to elucidate why they 
are less active than the parent molecule. These data 
constitute a step towards the development of GPR103 
analogs that could prove useful for the treatment of feeding 
disorders and/or osteoporosis.  
 
P169. Abstract number: 283 
Probing the Charge Capability of the MIDAS: 
Phosphinic- and Phosphonic Acid Containing 
Compounds as New Potent aIIbβ3 Integrin Antagonists 
MB Bollinger1, F Manzenrieder1, R Kolb1, L Marinelli2, V 
Limongelli2, H Kessler1
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1Technische Universität München, Institute for Advanced 
Study, Department Chemie, GARCHING, Germany 
2Dipartimento di Chimica Farmaceutica e Tossicologica, 
Università di Napoli, NAPOLI, Italy 
Inhibition of integrin function is a major challenge in 
medicinal chemistry. Tirofiban is an intravenously 
administered synthetic αIIbβ3 receptor antagonist drug that 
specifically inhibits fibrinogen-dependent platelet 
aggregation.[1] The carboxylic acid group in integrin ligands 
is essential for the coordination of the bivalent metal cation 
at the metal-ion-dependent adhesion site (MIDAS) of all 
integrins.[2] It is the most conserved functionality in all 
integrin ligands. Recently, the first successful bioisosteric 
replacement of the carboxyl group with the 
pharmacologically favorable hydroxamic acid group has 
been described.[3] Based on these results we were 
interested in the question if the MIDAS tolerates any other 
bioisosteric group and negative excess charge. Being 
aware that phosphinic- and phosphonic acids possess very 
good coordination properties for bivalent metal cations, we 
assumed that Tirofiban analog structures with the above-
mentioned motive are highly valuable compounds.  
Herein, we describe the rational design and multistep 
synthesis of phosphinic- and phosphonic acid analog 
Tirofiban derivatives to gain insights into the binding modes 
of ligands to the MIDAS region under physiological 
conditions. The phosphinic acid derivative, bearing a single 
negative charge, has similar activity for αIIbβ3 as 
compared to the known carboxylic acid derivative (4.3 vs. 
1.2 nM). However, the phosphonic acid compound, being 
double negatively charged, gave a 60-fold lower activity 
than the phosphinic acid. Obviously, the additional 
negative charge in the phosphonic acid destabilizes ligand 
binding in the MIDAS region. We used modeling, docking 
and ab-initio calculations of the ligand-receptor-interactions 
as well as 31P-NMR studies on the protonation state of the 
phosphorus containing derivatives to support the 
hypothesis that the unoccupied binding site at the 
octahedral coordinated bivalent metal cation does not 
tolerate the bulky and double negatively charged 
phosphonic acid moiety as compared to the phosphinic 
acid analog.  
[1] G. D. Hartman, M. S. Egbertson, W. Halczenko, W. L. 
Laswell, M. E. Duggan, R. L. Smith, A. M. Naylor, P. D. 
Manno, R. J. Lynch, G. Zhang, et al., J. Med. Chem. 1992, 
35, 4640-4642.  
[2] M. J. Humphries, Biochem. Soc. Trans. 2000, 28, 311-
339.  
[3] D. Heckmann, B. Laufer, L. Marinelli, V. Limongelli, E. 
Novellino, G. Zahn, R. Stragies, H. Kessler, Angew. 
Chem., Int. Ed. Engl. 2009, 48, 4436-4440.  
 
P170. Abstract number: 287 
From Peptides To Non Peptide Mimetics: The 
Examples Of Angiotensin Ii And Myelin 
J.M.M. Matsoukas 
University of Patras, PATRAS, Greece 
The discovery of Losartan a non peptide Angiotensin II 
Receptor antagonist was announced in 1989 during the 
Gordon Research Conference on Angiotensin and the 
Renin - Angiotensin - System (RAS). The drug was 
discovered in the Laboratories of Dupont and the 
announcement at the Conference was the approval for 
Clinical trials which led to the first Angiotensin II nonpeptide 
Receptor antagonist. Previous Angiotensin II peptide 
antagonists such as Sarilesin and Saralasin failed to 
become drugs due to its peptide nature rendering them 
susceptible to proteolytic enzymes which hydrolyze them. 
The announcement was the result of many years work on 

Angiotensin and the RAS System, since it was discovered 
80 years ago. Breakthroughs in this evolution was the 
discovery of Captopril by Miguel Ondetti in 1975 and 
Losartan by Timmermans in 1989. In this lecture the main 
steps followed in our laboratories in Patras are mentioned 
which led to our Sartan, named Elsartan. Briefly the main 
steps are: 1. Peptide (The tool), 2. Peptide Model (The 
ligand - receptor interaction), 3. Cyclic Peptide (The drug 
lead), 4. Non-peptide mimetic (The Drug).  
Immunodominant Epitopes MBP 83-99, PLP 139-151, 
MOG35-55 of human proteins MBP, PLP, MOG of myelin 
sheath are implicated in Multiple Sclerosis. These epitopes 
have been the tools in our laboratories for the Design 
Synthesis and Preclinical Evaluation in a large number of 
rationally designed linear and cyclic analogues conjugated 
to reduced or oxidized mannan via [Lys-Gly] bridge. 
Specific Analogues have been found to immune rats 
rendering them potential therapeutics vaccine drugs in the 
Immunotherapy of Multiple Sclerosis. Furthermore, our 
cyclic MBP 83-99 peptides, for the first time to be reported 
as HLA and MHC binders and more stable compared to 
linear counterparts, possess a series of important 
immunomodulatory properties rendering them as putative 
drugs for treating multiple sclerosis and potentially other 
Th1 - mediated autoimmune diseases. In the light of the 
results and findings in our research, the main 
immunodominant peptides MOG35-55, PLP139-151 and 
MBP83-99 and their head to tail cyclic counterparts 
conjugated to reduced mannan have been selected to 
constitute a mixture cocktail drug for preclinical 
investigation in preparation of New Drug Application (NDA) 
for Clinical Phase I and II studies in the Immunotherapy of 
Multiple Sclerosis. 
 
P171. Abstract number: 289 
Efficient Synthesis And Biological Evaluation Of 
Substituted Imidazole At1 Ang Ii Receptor Antagonists 
Based On 4(5)-Butylimidazole 
R Resvani1, J Slaninová2, J Matsoukas1, G Agelis1

1University of Patras, PATRAS, Greece 
2University of Charles, PRAGUE, Czech Republic 
Angiotensin II (Ang II) is the octapeptide produced by the 
Renin-Angiotensin System (RAS) which plays a central 
role in blood pressure regulation and electrolyte 
homeostasis. The discovery of losartan has stimulated 
extensive research in the development of potent and 
selective antagonists. Herein, we describe a short, efficient 
and regioselective synthetic approach of AT1 Ang II 
receptor antagonists based on 4(5)-butylimidazole in which 
the hydroxymethyl and butyl groups attached to imidazole 
ring present different topographical positions in comparison 
to Losartan. Furthermore, a halogen atom is introduced at 
the 5-position of imidazole moiety as a lipophilic, electron-
withdrawing substituent. The analogue 1 as well as the 
brominated analogue 3 showed high antihypertensive 
activity (pA2= 7.97, 7.58, respectively) similar to Losartan 
(pA2 = 8.33), indicating that reorientation of butyl and 
hydroxymethyl groups on the imidazole template retains 
high antihypertensive activity.  
1. Carini, D. J.; Duncia, J. V.; Aldrich, P. E.; Chiu, A. T.; 
Johnson, A. L.; Pierce, M. E.; Price, W. A.; Santella, J. B., 
III.; Wells, G. J.; Wexler, R. R.; Wong, P. C.; Yoo, S. E.; 
Timmermans, P. B. M. W. M. J. Med. Chem. 1991, 34, 
2525.  
2. Wahhab, A.; Smith, J. R.; Ganter, R. C.; Moore, D. M.; 
Hondrelis, J.; Matsoukas, J.; Moore, G. J. Arzn.-
Forsch./Drug Research 1993, 43(II), 11, 1157.  
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3. Roumelioti, P.; Resvani, A.; Durdagi, S.; Androutsou, M-
A.; Kelaidonis, K.; Mavromoustakos, T.; Matsoukas, J.; 
Agelis, G. Comput.-Aided Drug Des. 2009 (Submitted).  
 
P172. Abstract number: 294 
Synthesis And Biological Evaluation Of 1-??N?Yl And 
1-Biphenylmethyl Substituted Imidazole At1 Ang Ii 
Receptor Antagonists 
K Kelaidonis, D Kalavrizioti, J Matsoukas, G Agelis 
University of Patras, PATRAS, Greece 
Angiotensin II (ANG II) is the octapeptide produced by the 
Renin-Angiotensin System (RAS) which plays a central 
role in blood pressure regulation and electrolyte 
homeostasis. Inactivation of RAS has stimulated many 
researchers to design drugs either by inhibiting Renin or 
the ACE or by blocking the ANG II receptors. The DuPont 
group was the first to develop Losartan (DuP 753), an 
orally effective Angiotensin receptor blocker, which is 
metabolized in vivo to the more potent full antagonist EXP 
3174. This has encouraged the development of a large 
number of similar compounds, among them Eprosartan, 
Irbesartan, Candesartan, Valsartan, Telmisartan, 
Tasosartan and Olmesartan.  
Herein, we report the preparation of E-urocanic acid based 
analogues, focusing our attention on the structural 
modifications on the imidazole ring which would possibly 
enhance potency. Consequently, we have designed and 
synthesized a series of urocanic acid derivatives bearing a 
benzyl or biphenylmethyl tetrazole moiety at the 1-position 
and a bulky lipophilic and electron-withdrawing group such 
as a halogen atom, at the 5-position of the imidazole ring. 
Additionally, the rigid acrylic or saturated acid side chain 
was lengthened by esterification, resulting in the methyl 
ester or the bulky ester group (5-methyl-2-oxo-1,3-dioxol-4-
yl)methyl of Olmesartan, which in vivo is metabolized to the 
carboxyl moiety and may proved an effective structural 
element, emerging to compounds with improved activity.  
1. Carini, D. J.; Duncia, J. V.; Aldrich, P. E.; Chiu, A. T.; 
Johnson, A. L.; Pierce, M. E.; Price, W. A.; Santella, J. B., 
III.; Wells, G. J.; Wexler, R. R.; Wong, P. C.; Yoo, S. E.; 
Timmermans, P. B. M. W. M. N J. Med. Chem. 1991, 34, 
2525.  
2. Yanagisawa, H.; Amemiya, Y.; Kanazaki, T.; Shimoji, Y.; 
Fujimoto, K.; Kitahara, Y.; Sada, T.; Mizuno, M.; Ikeda, M.; 
Miyamoto, S.; Furukawa, Y.; Koike, H. J. Med. Chem. 
1996, 39, 323.  
 
P173. Abstract number: 313 
Design, Synthesis and Evaluation of 2,3,6,8-
Tetrasubstituted Chromone and Chroman-4-one 
Derivatives as Somatostatin Mimetics 
MFS Fridén-Saxin 
Department of Chemistry, Medicinal Chemistry, 
GÖTEBORG, Sweden 
The physicochemical properties and rapid enzymatic 
degradation limit the use of peptides as drugs [1]. To 
overcome these problems, peptidomimetics are designed 
to be more stable and at the same time retain the effect of 
the parent peptide. One strategy to develop these kinds of 
compounds is to use a scaffold approach. Chromone and 
chroman-4-one derivatives are frequently found in nature 
and in this project these heterocyclic ring systems are used 
as scaffolds for peptidomimetics. Incorporation of amino 
acid side chain moieties in the 2-, 3-, 6-, and 8-positions of 
the chromone/chroman-4-one structures makes it possible 
to mimic a β-turn of a peptide chain. The peptide hormone 
somatostatin is known to adopt a β-turn conformation when 
interacting with its receptor(s). Computer based modelling 
has been used to design the chromone/chroman-4-one 

based mimetics of somatostatin. Appropriate substituents 
have been introduced in the ring systems using efficient 
reactions such as Pd-mediated couplings [2] and a SmI2 
mediated Reformatsky reaction [3]. For the incorporation of 
the 2-substituent in the chroman-4-ones a base promoted 
reaction using DIPA in EtOH under microwave conditions 
was developed. Factors such as sterical hindrance, use of 
different bases, catalysts, solvents, reaction times and 
temperatures have been evaluated regarding this reaction 
[4]. The synthesized chromone/chromane-4-one based 
somatostatin mimetics have been tested for their agonist 
properties at the somatostatin receptors, some compounds 
showed EC50-values in the low M range.  
[1] Adessi, C. et al. Curr. Med. Chem., 9, 963-978 (2002).  
[2] Dahlén, K. et al. J. Org. Chem., 71, 6863-6871 (2006).  
[3] Ankner, T. Fridén-Saxin, M. et al. accepted in Organic 
Letters  
[4] Fridén-Saxin, M. et al. J. Org. Chem., 74, 2755-2759 
(2009).  
 
P174. Abstract number: 341 
Galanthamine based hybrid molecules with potential 
acetylcholinesterase, butyrylcholinesterase and β-
secretase inhibition activity. 
T Vezenkov1, L Ilieva1, D Danalev1, N Vassilev2

1University of Chemical Technology and Metallurgy, 
SOFIA, Bulgaria 
2Bulgarian Academy of Sciences, Institute of Organic 
Chemistry, SOFIA, Bulgaria 
Alzheimer’s disease (AD) is well known neurodegenerative 
illness which is affected around 20 million of people 
worldwide. Different causes are proposed to be 
responsible for AD occurrence and three hypotheses are 
arisen. Once of them has not been clearly proven. 
However, it is well established that some enzymes from 
cholinesterase family play a key role in the progression of 
AD and that their levels vary significantly during different 
stages. Recently, a lot of scientific groups work on the 
design of new medical drugs which could affect some of 
AD causes. The design of new substances with combined 
pharmacological activities is a promising alternative for 
prevention and treatment of AD.  
Herein, we report the synthesis of galanthamine amides 
comprising peptide moiety at position 11. They were 
designed to be both β-secretase inhibitors, due to peptide 
moiety, and acetylcholinesterase/butyrylcholinesterase 
inhibitors owing to galanthamine molecule. The newly 
synthesized hybrid molecules contained the following six 
peptides: Z-Asp-Val-Asn-Leu-Ala(or β-Ala)-Val-NHBzl; Z-
Asp-Asn-Leu-Ala(or β-Ala)-Val-NHBzl and Z-Asp-Asp-Leu-
Ala(or β-Ala)-Val-NHBzl. These compounds are analogues 
of b secretase inhibitor OM 99-2 modified in P3-position. 
They include C-terminal benzylamin and N-terminal Z-Asp 
with free γ-carboxyl function. Both needed peptides and 
final hybrid molecules were synthesized in solution. 
Several different schemes were realized and will be 
discussed according to yields and purity of products. The 
condensation of peptide mimetics mentioned above with 
norgalanthamine using modified carbodiimid method by 
means of N-cyclohexl-N-(β-N-methyl-morpholino-ethyl) 
carbodiimid was revealed to be the most successful 
approach. 1D 1H, 13C and 2D NMR as well as ESI/MS 
were used to characterize final hybrid molecules. In vitro 
biological trials and some kinetic investigation according to 
inhibition activity of newly synthesized molecules toward 
AChE and BuChE are in progress and will be reported. 
Additionally, some structure-activity conclusions will be 
done.  
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 P175. Abstract number: 342 
Three Disulfide Bridged -Conopeptoids and their 
Minimized Disulfide-Depleted Selenopeptide 
Derivatives 
Ms Walewska1, TS Han2, MM Zhang2, D Yoshikami2, BM 
Olivera2, G Bulaj3, K Rolka1

1University of Gdansk, Faculty of Chemistry, GDANSK, 
Poland 
2Department of Biology, University of Utah, SALT LAKE 
CITY, United States of America 
3Department of Medicinal Chemistry, University of Utah, 
SALT LAKE CITY, United States of America 
Peptide neurotoxins from cone snails continue to provide 
compounds with a therapeutic potential. Analgesic µ-
conotoxin KIIIA is a three disulfide bridged peptide inhibitor 
of mammalian sodium channels, but more SAR studies are 
needed to optimize its subtype selectivity. Recent studies 
suggested that Lys7 in KIIIA might be an attractive target 
for engineering selectivity in -conotoxins toward neuronal 
subtypes [1,2]. Furthermore, converting this three disulfide 
bridged peptide into a one-disulfide-containing disulfide-
depleted selenopeptide analogue did not significantly affect 
its bioactivity, but dramatically simplified oxidative folding 
[2]. Here, we report design and synthesis of two series of 
-conopeptoid analogues in which we replaced Lys7 with 
peptoid monomers of increasing side-chain size: N-
methylglycine, N-butylglycine and N-octylglycine. Each of 
-conopeptoid analogues from the first series contained 
three disulfide bridges, whereas the second series of 
peptoid analogues was introduced in the context of 
disulfide-depleted selenoconopeptides. Chemical 
synthesis, oxidative folding and the bioactivities of the -
conopeptoid analogues will be presented.  
[1] Zhang M.M., Green B.R., Catlin P., Fiedler B., Azam L., 
Chadwick A., Terlau H., McArthur J.R., French R.J., 
Gulyas J., Rivier J.E., Smith B.J., Norton R.S., Olivera 
B.M., Yoshikami D., Bulaj G., J Biol. Chem., 282, 30699-
30706, 2007.  
[2] Han T.S., Zhang M.M., Gowd K.H., Walewska A., 
Yoshikami D., Olivera B.M., Bulaj G., Med. Chem. Lett. (in 
press).  
 
P176. Abstract number: 348 
Development of a new strategy for the synthesis of 4-
amino-tetrahydro-2-benzazepin-3-one containing 
peptides 
Ph.D. Vandormael, D Tourwé 
Vrije Universiteit Brussel, BRUSSEL, Belgium 
One strategy to overcome the limitations of peptides, such 
as metabolic stability and lack of selectivity is to introduce 
conformational constraints in the peptide. These 
peptidomimetics may possess an improved receptor 
selectivity and potentially an improved potency by locking 
the biologically active conformational state.  
In this work the rotational freedom around the Cα-Cβ of the 
phenylalanine side chain was reduced by introducing a 
methylene bridge between the aromatic ring and the amine 
of the next residue. This 4-amino-tetrahydro-2-benzazepin-
3-one (Aba) skeleton only allows the gauche(+) and trans 
conformation.[1]  

A general pathway towards Aba containing peptides, which 
is applicable in solution and in solid phase peptide 
synthesis, uses a protected o-formylphenylalanine. We will 
discuss the synthesis of a N,O-protected o-formyl-Phe 
building block. The asymmetric synthesis of this building 
block will be presented as well as its tendency to undergo 
‘reductive lactamisation’ (reductive amination/spontaneous 
intramolecular lactamisation).[2] Applications in opioid 
peptides will demonstrate the advantages of the constraint.  

 [1] D. Tourwé, K. Verschueren, A. Frycia; Biopolymers 
(1996), 38, 1-12  
[2] A. F. Abdel-Magid, B. D. Harris, C. A. Maryanoff; Synlett 
(1994), 1, 81-83. 
 
P177. Abstract number: 371 
Screening of cell-specific adhesion peptides for 
medical device coating 
KK Kanie1, R Kato1, Y Narita1, Y Zhao1, F Kuwabara1, M 
Satake2, H Kaneko2, Y Honda1

1Nagoya University, NAGOYA, Japan 
2Teijin Limited, TOKYO, Japan 
Recently, cardiovascular diseases have become major 
causes of death in the developed countries. Many types of 
medical devices have been developed to treat ischemic 
heart diseases, peripheral vascular diseases, and strokes. 
However, long-term implanting of such devices commonly 
induces critical complications. Stents that are used for 
coronary arterial diseases, peripheral vascular diseases 
and strokes are known to cause thrombosis combined with 
stenosis derived from the lack of endothelium. Small-
caliber vascular prostheses also take risks of obstruction 
for thrombosis. Patients whom implanted cardiovascular 
implants are commonly forced to take costly anticoagulant 
agents for their lifetime to escape from life-threatening 
risks.  
To provide better quality of life to such patients, effective 
inner endothelialization is an essential criterion for such 
medical devices. If the early and sufficient 
endothelialization is accomplished on the surface of 
medical devices, both the risk of thrombosis and the cost 
for anticoagulant agent could be reduced. Therefore, safe 
and effective material that enhances endothelialization on 
the medical devices is strongly desired. In this aspect, 
peptides are one of most promised bio-compatible 
materials that could be chosen for surface modification, 
since it could eliminate both risks of animal-derived 
infections and interspecific immune response found in 
other large proteins and antibodies.  
There had been many researches that reports universal 
cell adhesion peptides, such as RGD peptides, found from 
extracellular matrixes (ECM) [1]. However, for the medical 
device surface modification concept for effective 
endothelialization, such strong cell-adhesion peptides hold 
the risk to capture unwanted cells. Therefore we designed 
a peptide array-based screening combined with in silico 
ECM analysis to obtain cell adhesion peptide that 
specifically capture endothelial cells than other anchorage 
dependant cells. From our cell-assay method on SPOT 
peptide array [2, 3, 4], we succeeded to find more than 
twenty objective peptide candidates, and also found the 
common peptide property that could selectively control the 
cell specific adhesion. We here report the effects of 
screened peptides.  
1. Pierschbacher MD et al. Nature. 309:30-3 (1984)  
2. C. Kaga et al. Biotechniques. 44, 393-402 (2008).  
3. Frank R. J Immunol Methods. 267:13-26 (2002)  
4. R. Kato et al. J Biosci Bioeng. 101:485-95 (2006) 
 
P178. Abstract number: 385 
Microwave Assisted Synthesis of Backbone Cyclic 
Peptides 
D. R. Rosenthal, C Gilon, A Sweed, A Hoffman 
Hebrew University, JERUSALEM, Israel 
The use of backbone cyclization to improve the 
pharmacokinetic properties of peptide drug leads have 
shown to be a successful strategy [1, 2]. One of the 
reasons that hamper the use of backbone cyclization is the 
lack of compatibility with automatic Solid Phase Peptide 
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Synthesis (SPPS) and Microwave Assisted Peptide 
Synthesis (MAPS). We described the synthesis of 
backbone to backbone cyclic peptide libraries, utilizing 
manual microwave technology.  
Two backbone to backbone cyclic peptide libraries based 
on the parent dermorphin analog TAPS (Tyr-D-Arg-Phe-
Sar) [3], with different ring size and bridge chemistry, were 
synthesized using MAPS.  
The first library was prepared by incorporating Fmoc-
Nα[(Alloc)�-aminoalkyl] glycine (called herein Alloc Glycine 
Buiding Units, AGBU), on-resin reductive alkylation of 
amino functionalized alkyl chains and subsequent urea 
cyclization [4].  
The second library was synthesized by a novel method of 
backbone cyclization, utilizing AGBU [5], which after Alloc 
deprotection, were coupled to widely available �-bromo 
carboxylic acids with varying alkyl chain length. Cyclization 
was achieved via intra-molecular variation of the Nuss et. 
al. [6] ”sub-monomer”procedure for peptoid synthesis, 
creating a bond between the alkyl bromide linker and 
nitrogen of the peptide backbone, producing a backbone 
cyclic peptide with amide bond bridge chemistry.  
Peptides from both libraries were purified and tested for 
biological activity.  
1. S. Hess, D. E. Shalev, H. Senderovich , T. Yehezkel, Y. 
Salitra, T. Sheynis , R. Jelenic , C. Gilon , A. Hoffman. J. 
Med. Chem., 2007, 50, 6201 -6211,  
2. S. Hess, Y. Linde, O. Ovadia, E. Safrai, D.. E. Shalev, A. 
Swed, E. Halbfinger, T. Lapidot, I. Winkler, T. Gabinet, A. 
Fair, D. Yarden, Z. Xiang, F. P. Potillo, C. Haskel-Luevano, 
C. Gilon , A. Hoffman, J. Med. Chem., 2008, 51 1026-1034  
3. P. Paakkari, I. Paakkari, S. Vonhof, G. Feurstein and A. 
-L. Siren, J. Pharm. Exp. Therapeutics 1993, 266, 544-550
   
4. M. Hurevich, Y. Barba, C. Gilon. Hetrocycles. 2007, 73,  
5. M. Hurevich, Y. Tal-Gan, S. Klein, Y. Barda, A.. Levitzki, 
C. Gilon. J. Pep. Sci. 2010, 16, 178-185  
6. J. M. Nuss, M. C. Desai, R. N. Zuckermann, R. Singh, P. 
A. Renhowe, D. A. Goff, J. P. Chinn, L. Wang, H. Dorr, E. 
G. Brown, S. Subramanian. Pure Appl Chem 1997, 69, 
447.  
 
P179. Abstract number: 447 
Design, Synthesis and Evaluation of Inhibitors 
Targeting the SHP-1 Catalytic Domain. 
C Kulis, G Bourne, S Kellie, M Smythe 
Institute for Molecular Bioscience, BRISBANE, Australia 
Protein tyrosine phosphorylation is a ubiquitous signaling 
mechanism that is regulated by an intricate balance 
between the action of kinases and phosphatases. Protein 
tyrosine kinases (PTKs) phosphorylate cellular substrates 
and protein tyrosine phosphatases (PTPs) act by removing 
these phosphate groups through hydrolysis. SHP-1 is a 
PTP that is primarily expressed in hematopoietic cells and 
has been recognized as a negative regulator of various 
signal transduction processes, including erythropoietin 
(EPO) receptor signaling1. Since EPO enhances 
erythropoiesis, SHP-1 inhibitors are predicted to potentiate 
this pathway.  
EPO is a drug used to treat anemia resulting from 
chemotherapy or radiotherapy. This study aims to develop 
an inhibitor of SHP-1 to be used in combination therapy 
with EPO to efficiently treat anemia by maintaining high 
levels of haematopoiesis. A substrate-based approach was 
used to identify these SHP-1 inhibitors, beginning with a 
collection of novel compounds that have been designed 
and selected as phosphotyrosine mimetics. Molecular 
modeling studies have been used to confirm the feasibility 
of these compounds binding to the active site of SHP-1. A 

series of these mimetics have been synthetically 
incorporated into a physiological peptide substrate and 
biologically evaluated using the in vitro Malachite Green 
assay. An alanine scan was then conducted to explore 
substrate specificity. Key groups of residues at the N- and 
C-terminus important for binding were virtually screened 
against the ZINC database2 for organic-based fragment 
replacements. Finally, these compounds can be converted 
to inhibitors by replacing the phosphate group with a non-
hydrolyzable sulfate moiety.  
1Klingmuller, U., Lorenz, U., Cantley, L. C., Neel, B. G., 
and Lodish, H. F., Specific Recruitment of SH-PTP1 to the 
Erythropoietin Receptor Causes Inactivation of JAK2 and 
Termination of Proliferative Signals. Cell. (1995). 80: p. 
729-738.  
2Irwin, J. J., and Shoichet, B. K., ”ZINC- A Free Database 
of Commercially Available Compounds for Virtual 
Screening.”Journal of Chemical Information and Modeling. 
(2005). 45: p. 177-182. 
 
P180. Abstract number: 457 
Comparison of synthesis and antibacterial activity of 
a- and β-peptoids 
Kmk Knapp, H Franzyk, R Jahnsen 
Department of Medicinal Chemistry, University of 
Copenhagen, COPENHAGEN, Denmark 
Kolja M. Knapp, Rasmus Jahnsen, Henrik Franzyk  
Department of Medicinal Chemistry, Faculty of 
Pharmaceutical Sciences, University of Copenhagen, 
Universitetsparken 2, 2100 Copenhagen, Denmark  
In most organisms natural antimicrobial peptides (AMPs) 
are the front line defense strategy against a wide range of 
pathogens.[1,2] Cationic host-defense peptides constitute 
the most interesting subclass of AMPs due to their role in 
the innate immune response to microbial infections. The 
characteristic features of cationic AMPs are a positive 
charge together with a high content of hydrophobic 
residues.  
Homomeric β-peptides and α-peptoids as well as 
heteromers composed of two different types of residues 
are able to imitate the antibiotic activity of natural AMPs.[3-
6] Recently, we reported on alternating α-peptide/β-peptoid 
chimeras that exhibit promising antibiotic properties.[7-9] 
Submicromolar activities have been found for S. aureus 
(methicillin-resistant), S. epidermidis and E. coli while 
micromolar activities were found for many other bacteria.  
Although feasible, preparation of these α-peptide/β-peptoid 
chimera compounds by using a dimer-based protocol it 
requires tedious solution-phase syntheses of several 
different building blocks. Thus, we wish to develop a 
monomer-based methodology involving microwave-
assisted solid phase synthesis of the corresponding 
homomeric α- and β-peptoids. Here, we describe the 
preparation of the required α- and β-peptoid building blocks 
and preliminary testing of antimicrobial activity.  
[1] Brown, K. L.; Hancock R. E. W. Curr. Opin. Immunol. 
2006, 18, 24.  
[2] Zasloff, M. Nature 2002, 415, 389.  
[3] Cheng, R.P.; Gellman, S. H.; DeGrado, W. F. Chem. 
Rev. 2001, 101, 3219.  
[4] Chongsiriwatana, N. P.; Patch, J. A.; Czyzewski, A. M.; 
Dohm, M. T.; Ivankin; A.; Gidalevitz, D.; Zuckermann, R. 
N.; Barron, A. E. Proc. Natl. Acad. Sci. 2008, 105, 2794.  
[5] Arvidsson, P. I.; Ryder, N. S.; Weiss, H. M.; Hook, D. F.; 
Escalanta, J.; Seebach, D. Chem. Biodivers. 2005, 2, 401.  
[6] Schmitt, M. A.; Weisblum, B.; Gellman, S. H. J. Am. 
Chem. Soc. 2007, 129, 417.  
[7] Olsen, C. A.; Bonke, G.; Vedel, L.; Adsersen, A.; Witt, 
M.; Franzyk, H.; Jaroszewski, J. W. Org Lett 2007, 9, 1549.  
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[8] Vedel, L.; Bonke, G.; Foged, C.; Ziegler, H.; Franzyk, 
H.; Jaroszewski, J. W.; Olsen, C. A. ChemBioChem 2007, 
8, 1781.  
[9] Bonke, G.; Vedel, L.; Witt, M.; Jaroszewski, J. W.; 
Olsen, C. A.; Franzyk, H. Synthesis 2008, 2381.  
 
P181. Abstract number: 462 
Conformational Analysis of Aliskiren, a Potent Renin 
Inhibitor, in Solution using NMR and Molecular 
Dynamics 
M.T. Matsoukas1, P Zoumpoulakis2, T Tselios1

1University of Patras, PATRAS, Greece 
2National Hellenic Research Foundation, ATHENS, Greece 
Aliskiren is a non-peptidic molecule that specifically and 
potently inhibits human renin. It has been newly introduced 
to the pharmaceutical industry as a standalone 
antihypertensive drug with various effects, especially 
blockade of the renin receptor. In previous studies, 1D 
NMR experiments have been performed on aliskiren, but 
no structural data is available in terms of its structural 
characteristics in solution. In this report, the conformational 
behavior of aliskiren is studied in water (H2O) and N,N-
dimethylformamide (DMF) solutions, through dynamic 
600MHz NMR spectroscopy, by means of 2D-NMR 
spectroscopy and molecular modeling techniques. These 
results are used to compare the conformation of aliskiren in 
solution with the aliskiren-renin co-crystallized structure, in 
order to examine the structural characteristics of this 
antihypertensive agent. Data extracted on the interatomic 
distances between distant protons of the molecule’s 
functional groups are combined with molecular dynamics 
simulations for inspection and evaluation of the drug’s 
molecular properties. 
 
P182. Abstract number: 474 
Development Of A Protease-Resistant Bicyclic Peptide 
Targeting Human Plasma Kallikrein 
E Bernard, D Loakes, G Winter 
Laboratory of Molecular Biology, Medical Research 
Council, CAMBRIDGE, United Kingdom 
Cyclic peptides have been studied for many years to 
present a better conformation to their target but also for 
their ability to create protease resistance1 . Among them, 
peptides forced into two loops combine properties of both 
small molecule drugs and proteins. One way of 
constraining peptides is to react the cysteine residues with 
a halogenated core. After synthesis on solid phase, the 
peptides are purified by HPLC and cyclized with 
tris(bromomethyl)benzene via the cysteines to give bicyclic 
peptides 2,3 .  
The peptidic sequence ACSDRFRNCPADEALCG (PK15) 
was selected for its high binding affinity (IC50 = 4 nM) and 
specificity to human plasma kallikrein3, an enzyme involved 
in angioedema and blood pressure regulation4 . Despite its 
bicyclic structure, PK15 is still sensitive to trypsin cleavage, 
albeit at a much lower level than the linear peptide. In the 
present study, we conducted an alanine scan of the 
sequence to reveal the most important residues for binding 
to kallikrein and we designed variants to make the peptide 
resistant to proteolysis.  
We present here the binding affinities and protease 
resistance of our modified sequences. These may 
represent leads for drugs to treat hereditary angioedema. 
1 Li P. and Roller P.P., Curr. Top. Med. Chem., 2002, 2 (3), 
325-341.  
2 Timmerman P., Puijk W.C. and R.H. Meloen, J. Mol. 
Recognit., 2007, 20, 283-299.  
3 Heinis C., Rutherford T., Freund S. and Winter G., Nature 
Chem. Biol., 2009, 5 (7), 502-507.  

4 Shariat-Madar Z. and Schmaier A.H., J. Endotoxin Res., 
2004, 10 (1), 3-13.  
 
P183. Abstract number: 494 
A NOVEL AND HIGHLY SELECTIVE IgE-BINDING 
PEPTIDE WITH ANTI-ALLERGIC PROPERTIES 
Dr Sandomenico, S Monti, R Palumbo, M Ruvo 
istitue of Biostructure and Bioimages (National Research 
Council), NAPLES, Italy 
Binding of IgE to the high affinity receptor FcεRI on the 
surface of mast cells and basophils is the key step of 
allergic reactions. The receptor contains a β-chain, a dimer 
of γ-chains and an extracellular α-chain that binds with high 
affinity to the Fc of IgE (KD ≈ 10-9 M). Receptor cross-
linking through allergen/antibody interactions activates an 
intracellular signalling in mast cells that leads to 
degranulation and to release of histamine or other 
mediators of the allergic response [1] and it has been 
shown that preventing the IgE-FcεRI binding is an effective 
way to block the early events of the allergic response [2,3]. 
The crystallographic structure of the complex 
FceRI(αchain)-IgE(Fc) has cleared the molecular details of 
this interaction and has opened the way to the design of 
novel modulators of allergic responses [4,5]. We have 
recently reported a set of peptide-based receptor mimetics 
containing key residues from the D2 domain (interaction 
site 2) and from the D1-D2 junction of FcεRIα chain 
(interaction site 2) joined by a linker. Peptides have a µM 
affinity for IgE and show a distinct 2-site mechanism of 
recognition for the immunoglobulin, as it occurs in the 
native receptor. We report here a new IgE-binding peptide 
- named Pep-E - where the linker has been optimized in 
terms of length. Pep-E shows a largely improved affinity (> 
30-fold) compared to the first generation peptides [5], the 
same specificity and a 2-site mechanism of binding for IgE 
Binding to IgE has been performed using the SPR 
technique on a BIAcore instrument (Pharmacia Biosensor) 
and on a SensiQ (Nomadics). For this purpose, biochips 
were prepared by coupling IgE, IgG and IgA to a CM5 
sensor (Biacore), whereas only IgE were bound on a 
COOH1 SensiQ chip. Notably, assays with the two 
instruments provided a comparable 600 nM affinity even 
when the peptide was conjugated to a fluorescent dyes. 
IgE-binding and the potential anti-allergic properties of 
Pep-E were further assessed on RBL2H3 cells, confirming 
disruption of IgE interaction with the cell-bound native 
receptor and blocking of histamine release following IgE-
antigen stimulation. The IC50 for the histamine release 
assay was about 100 µM. 
 
P184. Abstract number: 495 
Structure-activity relationships study of interleukin-1 
receptor antagonist by alpha-amino gamma-lactam 
scanning 
L Ronga1, K Beauregard1, AG Jamieson1, D St-Cyr1, C 
Quiniou2, S Chemtob2, WD Lubell1
1Universitè de Montréal, MONTREAL, Canada 
2St.-Justine Hospital Research Centre, MONTREAL, 
Canada 
Agl (α-amino γ-lactam) residues in peptides have stabilized 
β-turn structures and enhanced potency and receptor 
selectivity [1], underlining their importance as synthetic 
tools in conformational analysis and drug discovery. The 
single and multiple insertion of Agl residues into peptide 
sequences has been performed on solid support using a 
six-member cyclic sulfamidate derived from homoserine to 
annulate the amino lactam residue onto the peptide chain 
[2,3]. Moreover, the introduction into peptides of beta-
hydroxy-alpha-amino gamma-lactams, as constrained ser 
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and thr mimics, was achieved by employing N-
(Fmoc)oxiranylglycine as a bis-electrophile in TFE to 
sequentially alkylate and acylate the growing sequence on 
solid support [4]. These methods have provided access to 
several analogs of the allosteric modulator of interleukin-1 
receptor APG-101.10 (D-Arg-D-Tyr-D-Thr-D-Val-D-Glu-D-
Leu-D-Ala: rytvela) [5]. With the goal to better understand 
the conformational preferences responsible for the 
biological activity of APG-101.10, a library of (R)- and (S)-
Agl analogs was produced, including analogs possessing 
two Agl residues, and those in which the Thr residue was 
replaced by a beta-hydroxy-alpha-amino gamma-lactam. 
The efficacy of the lactam analogs was ascertained by 
measuring their influence on IL-1-induced human 
thymocyte TF-1 proliferation relative to that of the parent 
peptide. The conformational preferences of the lactam 
analogs and rytvela were assessed by circular dichroism 
spectroscopy. Compared to the parent peptide, which was 
characterized by a CD curve characteristic of a disordered 
structure, the analogs exhibited curve shapes indicative of 
turn-like conformations. Our presentation will demonstrate 
the influence of the lactam constraint on rytvela 
conformation and biology.  
[1] Freidinger, R.M. J. Med. Chem. 46, 5553-5566 (2003) 
and references within.  
[2] Jamieson, A.G. et al. J. Am. Chem. Soc. 131, 7917-
7927 (2009).  
[3] Ronga, L. et al. Biopolymers Pept. Sci. 94,183-91 
(2010).  
[4] St-Cyr, D.J. et al. Org Lett. 12,1652-5 (2010).  
[5] Quiniou, C. et al. J. Immunol. 180, 6977-87 (2008).  
 
P185. Abstract number: 501 
Design, Synthesis, and Evaluation of a-Helix Mimetics 
Targeting PCNA-p53 Interaction 
T. YE 
The Hong Kong Polytechnic University, HONG KONG, 
Hongkong 
PCNA, well known as the DNA sliding clamp, plays an 
essential role in DNA replication and different types of DNA 
repair, including nucleotide excision repair, mismatch 
repair, and base excision repair.1.2 We have originally 
found that PCNA interacts with the CDK inhibitor p21Cip1.3 
PCNA functions through its direct interactions with DNA 
processing enzymes, p21, and other binding partners, 
which share similar PCNA binding motif, PIP-box.4 The 
PIP-box consensus sequence, Qxx(M/L/I)xx(F/Y)(Y/F), is 
highly conserved in Archae and Eukarya. The PIP-box 
peptides include three distinct regions, an extended N-
terminal region, a central short hydrophobic 310 helical 
region, and an extended C-terminal region. Short PIP-box 
peptides, such as the C-terminal region (a.a. 141-160) of 
p21 has been shown to bind with PCNA and inhibit PCNA-
dependent DNA replication and repair.5 Therefore, such 
peptides can be used as a template for the design of 
peptidomimetics with helix mimetics as key scaffolds.  
According to the crystal structures of PCNA and PIP-box 
peptide, we applied individual or combined strategies to 
design peptidomimetics of PIP-box peptides. As mentioned 
above, PIP-box motif has the central 310 helical region that 
positions the hydrophobic residues plugging into the 
hydrophobic cleft of PCNA. We employed covalent linkage 
to constrain the 310 helical structure, which include two 
alternative strategies for the synthesis. The binding mode 
of PIP-peptidemimetic is similar to that of the p21 peptide 
in the crystal structure. The hydrophobic side chains pack 
with the hydrophobic cleft of PCNA tightly. Detailed 
synthesis will be reported.  

1. Kelman, Z. PCNA: structure, functions and interactions. 
Oncogene 14, 629-40 (1997).  
2. Warbrick, E. PCNA binding through a conserved motif. 
Bioessays 20, 195-9 (1998).  
3. Zhang, H., Xiong, Y. and Beach, D. Proliferating cell 
nuclear antigen and p21 are components of multiple cell 
cycle kinase complexes. Mol Biol Cell 4, 897-906. (1993).  
4. Warbrick, E. The puzzle of PCNA's many partners. 
Bioessays 22, 997-1006 (2000).  
5. Waga, S., Hannon, G. J., Beach, D. and Stillman, B. The 
p21 inhibitor of cyclin-dependent kinases controls DNA 
replication by interaction with PCNA. Nature 369, 574-8 
(1994). 
 
P186. Abstract number: 504 
The Synthesis of Peptide DualAG  
XH Tong, Z Liu, S Wang, Q Qiu, S Lee 
CPC Scientific Inc., SAN JOSE, United States of America 
Recently, it was reported that peptide DualAG, H-s-
QGTFTSDYSKYLDSRRAQDFVQWLMNTKR-
NRNNIAC(CH2CO-PEG4-Cholesterol), exhibits superior 
weight loss, lipid lowering activity, and antihyperglycemic 
efficacy[1]. The preparation and conjugation of cholesterol 
with PEG4 linker to the C-terminus of native oxyntomodulin 
via a Cys sidechain improve pharmacokinetics and is also 
a key step for synthesis of peptide DualAG. Here we report 
the synthesis of DualAG with Fmoc solid phase synthesis 
to obtain peptide precursors and solution phase work to 
make and react cholest-5-en-3-yl 1-iodo-2-oxo-6,9,12,15-
tetraoxa-3-azaoctadecan-18-oate with the thiol-containing 
peptide to obtain peptide DualAG.  
[1] Alessandro Pocai, et al. Glucagon-Like Peptide 
1/Glucagon Receptor Dual Agonism Reverses Obesity in 
Mice. Diabetes 2009; 58: 2258-2266. 
 
P187. Abstract number: 507 
Structure-activity relationship studies for Cystapep 1 
and its analogues 
A.P. Pogorzelska1, S Rodziewicz-Motowidlo1, M 
Smuzynska1, E Sikorska1, A Sladewska1, R 
Kasprzykowska1, Z Freiburghaus2, A Grubb2, F 
Kasprzykowski1
1Faculty of Chemistry, University of Gdansk, GDANSK, 
Poland 
2Department of Clinical Chemistry, University Hospital, 
LUND, Sweden 
Cystapep 1 is a peptidomimetic compound structurally 
based upon the inhibitory centre of human cystatin C, 
which was found to inhibit growth of Streptococcus 
pyogenes. Because of its origin it was thought that it 
inhibits cysteine protease, but subsequent analysis of a 
number of similar compounds showed that their 
antimicrobial effect does not include protease inhibition. [1] 
Despite number of analogues which we synthesized the 
modus operandi of Cystapep 1 is not known. Isothermal 
titration calorimetry (ITC) is a great tool to study 
interactions between various lipid bilayer model 
membranes and peptides active against pathogens that is 
why we were using ITC to investigate interaction between 
Cystapep 1 analogs and model of procariotic or eucariotic 
cell membrane.  
In ITC research we have studied binding for both active 
and inactive analogs of Cystapep 1. Large unilamellar 
vesicles composed of zwitterionic (in the case of 
Eucaryota) and anionic (in the case of Procaryota) 
phospholipids were used as model membrane system. Our 
research indicate that Cystapep 1 analogues interact only 
with model of bacterial cell membrane. None of 
investigated compounds interact with model of eucariotic 
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plasmalemma. Interaction between procariotic cell 
membrane model and Cystapep 1 analogues is not 
strongly depend on antibacterial activity of studied 
peptidomimetics. We have found that some of inactive 
compounds binding with liposomes as well as active 
peptidomimetics. This fact may indicate that mechanism of 
action of Cystapep 1 analogues is probably not related with 
interruption of bacterial cell membrane system.  
Structural studies comprising NMR and molecular dynamic 
calculations demonstrate that only Cystapep 1 is a stabile 
molecule with one major and very tight conformation, 
whereas rest of the studied compounds are flexible. We 
suggest that the characteristic side-chain orientation and 
the length of the amino-acid side chains of the compounds 
are the reason for distinct antibacterial properties.  
[1] Jasir A., Kasprzykowski F., Lindström V. Schalèn, 
Grubb A., Indian J. Med. Res. 119, 74-76, 2004  
The work was supported by Ministry of Science and Higher 
Education, Grant No. N N204 023535 and European Social 
Fund. The calculations were carried out in the TASK in 
Gda'sk, Poland. 
 
P188. Abstract number: 516 
Supported Synthesis of Pyrrolo[3,2-e][1,4]diazepin-2-
one gamma-Turn Mimics. 
F.P. Boutard, J Dufour-Gallant, P Deaudelin, W Lubell 
Université de Montréal - Département de Chimie, 
MONTRÉAL - QC, Canada 
1,4-Aryldiazepin-2-ones are privileged structures which 
display a wide range of biological activities, including 
antagonism at G-protein coupled receptors, enzyme 
inhibiton and antibiotic activity. Moreover, the seven-
member ring of 1,4-aryldiazepin-2-ones can mimic an 
inverse γ-turn peptide conformation [1]. We have 
developed a modular solution-phase synthetic method for 
accessing the novel pyrrolo[3,2-e][1,4]diazepin-2-one 
scaffold, starting from N-(PhF)-4-hydroxyproline employing 
an asymmetric Pictet-Spengler reaction [1]. Towards the 
diversity-oriented synthesis of a library of pyrrolo[3,2-
e][1,4]diazepin-2-ones, we have investigated a series of 
supports (Wang resin, Merrifield resin, PVA-PEG based 
resin [2] and tetraaryl phosphonium (TAP) methylbiphenyl 
soluble support [3]). Our presentation will discuss the 
influence of the support on the heterocycle synthesis and 
modification as well as its compatibility in a split-and-mix 
sequence for library synthesis.  
[1] Daudelin, P.; Lubell, W.D. Org. Lett. 2008, 10, 2841. 
Luo, J.; Pardin, C.; Zhu, X.X.; Lubell W.D. J. Comb. Chem. 
2007, 9, 582. [3] Stazi, F.; Marcoux, D.; Poupon, J-C.: 
Latassa, D.; Charette, A. B. Angew. Chem. Int. Ed. Engl. 
2007, 46, 5011.  
 
P189. Abstract number: 564 
Cellular internalisation of water-soluble helical 
aromatic amide foldamers 
JI Iriondo, K Laxmi-Reddy, A Bouguerne, C Staedel, I Huc 
European Institute of Chemistry and Biology, PESSAC, 
France 
Intracellular transport of drugs and therapeutics represents 
one of the most exciting and challenging areas at the 
interface of chemistry, biology and medicine. Most of the 
effort in this field has so far been devoted to the 
development of peptide-based delivery systems that can 
translocate therapeutic agents into their intracellular 
targets. More recently, the use of bio-inspired non-natural 
foldamers has resulted in the successful delivery of cargo 
molecules possessing a wide range of sizes and physico-
chemical properties across the cell membrane. We present 
here the synthesis of aromatic amide foldamers and their 

biological evaluation as cell-penetrating agents. Using a 
well-established synthetic route, a series of fluorescein-
labeled cationic aryl amide conjugates has been 
constructed and their cellular uptake into various human 
cell lines analyzed by flow cytometry and fluorescence 
microscopy. The assays have revealed that longer 
oligomers achieve greater cellular translocation, with 
octamer Q8 proving to be a remarkable vehicle for all cell 
lines. Biological studies have also indicated that these 
helices are biocompatible, showing promise in their 
application as cell penetrating agents and as vehicles to 
deliver biologically active molecules into cells. 
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P190. Abstract number: 101 
Detection of the Apo-B,E-binding site of low density 
lipoprotein receptor 
I.V. Shutova, V Golubovich 
Institute of Bioorganic Chemistry of the National Academy 
of Sciences of Belarus, MINSK, Belarus 
Apolipoproteins Apo-E and Apo-B100 play an important 
role in the development of the cardiovascular diseases. 
Their selective elimination from patients serum is one of 
the methods of the treatment and prophylaxis such 
cardiovascular disease as a myocardial infarction, stroke 
and atherosclerosis. These proteins bind with one receptor 
- low density lipoprotein receptor (LDLR). Detection of the 
Apo-B,E-binding site of LDLR and designing its low-
molecular analogs can results in a making of the new 
medical adsorbents and therapeutic agents. The aim of our 
study was to detect the Apo-B,E-binding site of LDLR.  
Low density lipoprotein receptor is a protein with known 3D 
structure and consists of several independent domains. 
Ligand-binding domain of LDLR is placed in N-terminal of 
molecule and consists of 7 repeats with 50% homology. 
Apo-E binds with repeat 5 of LDLR. Apo-B100 has two 
binding regions: one of them binds with repeat 4 of LDLR 
and another binds with repeat 5 of LDLR and has high 
homology with receptor-binding region of Apo-E. Repeat 5 
of LDLR presumably has one Apo-B,E-binding site and 
both Apo-E and Apo-B100 competitive bind with it.  
The binding sites of proteins usually are placed in 
hydrophobic or hydrophilic cavities on protein surfaces. 
Therefore for detection of the binding site of proteins we 
designed the program complex which allows to build the 
molecular protein surfaces, to detect cavities on the protein 
surfaces and to carry out the analysis of distribution 
hydrophobic and hydrophilic areas on protein surfaces. 
Detection of the Apo-B,E-binding site of LDLR we carried 
out with the help of this program complex.  
At the first step we imported from ProteinDataBank (PDB; 
http://www.rcsb.org/pdb/) the 3D structures of LDLR (PDB 
ID 1N7D), repeat 5 of LDLR (PDB ID 1AJJ) and Apo-E 
(PDB ID 1GS9). Then using our program complex we built 
surfaces and defined in the repeat 5 of LDLR one cavity 
with rank one which form highly charged region. This cavity 
is formed by residues Asp224, Lys225, Ser226, Asp227, 
Glu228 and Glu229. With the help of the program HEX 
(http://www.loria.fr/~ritchied/hex/) we carried out the 
docking of this cavity with the critical for binding region of 
Apo-E (residues 140-160). It turned out, that these regions 
are high complementarity. We think that the region of 
residue 224-229 form Apo-B,E-binding site of LDLR. Now 
we are synthesizing its peptide's analogues and 
investigating their ability to Apo-E and Apo-B100 binding. 
 
P191. Abstract number: 106 
Silver nanoparticle influence on Staphylococcus 
aureus peptidoglycan cell wall 
Ms Miryajani, A Ghassempour, A Aliahmad, MA Esmaeili 
Medicinal Plants and Drugs Research Institute, Shahid 
Beheshti University, TEHRAN, Iran 
In this study the spherical silver nanoparticles (SNPs) were 
synthesized and their influences on Staphylococcus 
aureus peptidoglycan cell wall, as gram positive model 
bacteria, were investigated. For the primary cell wall study, 
while the gas chromatography tandem mass spectrometry 
(GC-MS/MS) was performed for the glycan strands 
variations, the liquid chromatography tandem mass 
spectrometry (LC-MS/MS) was used for any alterations in 
peptide branches. In order to study the peptide secondary 
structure mutation the circular dichroisms (CD) was 
performed. With respect to the results, the SNPs not only 

changes the secondary structure (α-helix) of bacterial cell 
wall, but also destroyed its primary structure. Also the 
transmission electron microscopy (TEM) images prove the 
condition of distortion of PNGs in the S. aureus cell wall in 
the presence of SNPs. 
 
P192. Abstract number: 146 
Peptidomic analysis of human blood serum for 
specific disease markers 
R.H. Ziganshin, G Arapidi, I Azarkin, V Govorun, V Ivanov 
Institute of bioorganic chemistry, MOSCOW, Russia 
Peptidomic studies, i. e. total screening of biological 
samples for peptides is a rapidly growing field of 
biomolecular research. This approach has been 
successfully applied to a variety of biological fluids, cells 
and tissues. Hundreds of new, often bioactive peptides 
were found, the composition of respective peptide pools 
being sensitive to the physiological state of the 
experimental animal - pathology, impact of stress, genetic 
modification, immune state or action of pharmacological 
agents.  
Considerable effort has been directed at exploiting blood 
serum and plasma peptidomes for development of early 
tumor diagnosis based on discovery of new peptide 
biomarkers [1]. However, these attempts have not yet 
produced definitive results due to extreme complexity of 
serum composition and formidable technical difficulties, 
such as extensive ex vivo peptide formation and tight 
binding of peptides by huge excesses of albumin and other 
blood proteins. In this work we present our recent results in 
that area.  
Comparative MALDI-TOF MS profiling of blood serum 
samples from patients with verified ovarian cancer, 
colorectal cancer and syphilis as well as from a control 
group of healthy women has been carried out. Optimal 
conditions selected for sample preparation implied 
preliminary fractionation of serum on weak cation 
exchange magnetic beads and protein-peptide complexes 
thermal dissociation. Classification models generated on 
the basis of respective MALDI-TOF MS profiles 
demonstrated sensitivity and specificity close to 100% for 
the detection of all studied diseases. The same samples 
were subjected to nanoelectrospray-Q-TOF HPLC-Chip-
MS/MS analysis which resulted in identification of ~1000 
amino acid sequences. A number of peptide markers 
specific for concrete pathology have been revealed. 
Further steps to verification of the results obtained will be 
discussed.  
1.Geho D.H., Liotta L.A., Petricoin E.F., Zhao W. and 
Araujo R.P., Current Opinion in Chemical Biology, 2006, 
10, 50-55 
 
P193. Abstract number: 192 
Synthesis and Evaluation of Activity-based Sulfatase 
Probes 
JL Lenger1, S Hanson2, E Ennemann3, T Dierks3, N 
Sewald1

1Organic and Bioorganic Chemistry, Bielefeld University, 
BIELEFELD, Germany 
2The Scripps Research Institute, LA JOLLA, United States 
of America 
3Biochemistry I, Bielefeld University, BIELEFELD, 
Germany 
Sulfatases attract considerable attention due to their 
involvement in numerous pathological conditions. They 
comprise a family of bacterial as well as eukaryotic 
enzymes all activated by a unique oxidation event of an 
active site residue: the post-translational transformation of 
either a serine or cysteine side chain to a formylglycine 
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moiety. As for many other enzymes, sulfatase abundance 
is a poor measure for effective activity, and this demands 
for the development of activity-based tools for functional 
proteomic studies.  
Activity-based proteomics utilizes small molecule probes 
comprising a targeting group, a linker, and a reporter tag to 
selectively label and detect active enzymes. Recent 
synthetic approaches rely on solid and solution phase 
peptide chemistry as well as ”click chemistry”for probe 
assembly.  
We have synthesized and evaluated probes including 
quinone methide (QM) type traps against a panel of both 
bacterial and human sulfatases. Although QM precursor 
probes were turned over, and thus activated, their 
biochemical profiles are not completely consistent with 
mechanism-based sulfatase inactivation. In addition, 
fluorescence labeling studies of complex protein samples 
indicate that a considerable amount of QM intermediate is 
able to diffuse out of the sulfatase catalytic site. Our 
findings question the applicability of sulfatase QM probes, 
and, more generally, suggest a closer evaluation of the 
numerous previously published results for QM probes 
targeting other enzyme classes. 
 
P194. Abstract number: 214 
Complex networks govern coiled coil oligomerization: 
A multi-method approach 
C.C. Mahrenholz1, IG Abfalter2, U Bodenhofer2, S 
Hochreiter2, R Volkmer1

1Charité Medical School, BERLIN, Germany 
2Institute of Bioinformatics, JKU, LINZ, Austria 
Coiled coils are usually described as consisting of two up 
to seven α-helices that are wrapped around each other. 
They can associate as either homomeric or heteromeric 
structures and bind in parallel or antiparallel topologies. 
Another characteristic of all coiled coils is the periodic 
recurrence of a sequence [abcdefg]n called heptad repeat, 
where n denotes the heptad number. In these repeats a 
and d are hydrophobic amino acids at core positions 
crucial for the tertiary structure. In contrast, the polar 
positions b, c, and f are hydrophilic and e and g are 
charged residues [1].  
Since structure and occurrence are well known, it might 
stand to reason that we have a clearly drawn picture of 
coiled coils. Yet, the rules for oligomeric formation and thus 
the key to biological function are poorly understood.  
Based on comprehensive peptide libraries of GCN4 
mutants, the influence of amino acid substitutions on the 
association was tested and the stoichiometry was 
examined by biophysical methods. Our results indicated 
that the formation of oligomeric structures strongly 
depends on various specific positions inside a heptad [2].  
These amino acid dependencies were investigated using 
support vector machines. In order to reveal the rules of 
formation, pairwise feature selection was used to 
determine several amino acid pairings within and between 
heptads that are significant for oligomerisation. To this end 
we expanded the range of analyzed structures to all 
structurally resolved coiled coils contained in the PDB.  
The bioinformatics results indicate that the two-amino acid 
dependencies found in our biochemical experiments are 
parts of the equation that describes coiled coil formation, 
but they are by far not sufficient to completely explain the 
complex phenomenon. We discovered that a complex 
network of amino acid dependencies and sequence 
positions previously thought irrelevant to direct coiled coil 
interaction have an undeniable impact on stoichiometry. To 
uncover these dependencies, we developed the online-tool 
PrOCoil, which visualizes the contribution of each 

individual amino acid to the overall oligomeric tendency of 
a given coiled coil sequence.  
[1] Lupas et al. Adv Protein Chem. 710, 37-78. 
(2005).  
[2] Portwich et al. Angewandte Chemie Int. Ed. Engl. 
46, 1654-1657. (2007).  
 
P195. Abstract number: 277 
Propeptide-derived irreversible inhibitors of cathepsin 
L: a SAR-study  
D Klimpel1, CP Sommerhoff2, N Schaschke1

1Universität Bielefeld, BIELEFELD, Germany 
2Klinikum der LMU, MÜNCHEN, Germany 
Currently, eleven human cysteine cathepsins are known 
that belong to the clan CA (family C1) of cysteine 
proteases. Most of these enzymes among them cathepsin 
L show endopeptidase activity preferring hydrophobic P2 
residues. Beside their role in the lysosomal protein 
breakdown, these enzymes are involved in the regulation 
of important physiological processes like bone resorption, 
proenzyme activation and hormone maturation. Moreover, 
it is well accepted that these proteases play a crucial role in 
a variety of diseases among them osteoporosis and cancer 
[1].  
To better dissect partially overlapping functions of these 
proteases or even to identify new functions, affinity probes 
are powerful tools. In this context the thiol-reactive group 
(2S,3S)-oxirane-2,3-dicarboxylic acid represent a 
privileged platform for the development of such affinity 
probes [2]. With attached peptide portions addressing only 
interactions along the active-site cleft, however, it is difficult 
to gain reliable selectivity for most of the cysteine 
cathepsins due to their structural similarity. Therefore, 
accessing additional peptide-protein interactions beyond 
the active-site cleft on the surface of theses proteases 
would represent an interesting new approach. Without a 
structural guide, however, it is difficult to identify suitable 
regions on the surface of these enzymes. In this context it 
is important that the activity of cysteine cathepsins is 
generally regulated by their propeptides that address both 
interactions within and beyond the active-site. Using 
procathepsin L/cathepsin L as representative model 
system for the family of cysteine cathepsins, we have 
shown that indeed structural information provided by the 
propeptide can be exploited for the development of 
irreversible cathepsin L inhibitors [3]. The synthesis and 
detailed SAR-data of these novel inhibitors will be 
presented.  
[1] F. Lecaille, J. Kaleta, D. Brömme, Chem. Rev. 2002, 
102, 4459.  
[2] N. Schaschke, J. Biotechnol. 2007, 129, 308.  
[3] N. Schaschke, I. Assfalg-Machleidt, W. Machleidt, 
ChemBioChem 2008, 9, 1721.  
 
P196. Abstract number: 420 
Epitope determination of anti-Aβ antibodies by online 
combination of SAW- bioaffinity and electrospray 
mass spectrometry  
S Slamnoiu, C Vlad, M Dragusanu, M Przybylski 
University of Konstanz, KONSTANZ, Germany 
Biosensors are devices able to detect a biochemical 
interaction between two molecular species and produce a 
physical signal, generally optical or electrical. The K5 S-
sens® is a recently developed biosensor, capable of 
detecting small variations of mass by monitoring the 
changes of amplitude and frequency of the surface 
acoustic waves (SAW) through electric signals [1]. 
Nonetheless, biosensors do not enable a chemical 
structure determination of ligands, which can be achieved 
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by mass spectrometry [2]. We report here the epitope 
determination of two antibodies against amyloid beta: 6E10 
(anti Aß 1-16) and 4G8 (anti Aß 17-28). The antibodies 
were covalently immobilised (via a thiol linker) on the 
surface of a gold chip inside the biosensor. The interaction 
of the antibodies and a solution containing the enzymatic 
digestion mixture of Aß 3-40 with GluC or trypsin was 
detected in the output signal of the biosensor. In addition, 
the extracted epitope peptides (affinity bound to the 
antibody) were eluted with a newly developed online 
interface under acidic conditions from the gold chip and 
analysed by electrospray ionisation mass spectrometry 
(ESI- MS), to identify the primary structure. Since the 
investigation of the affinity interactions is performed in PBS 
buffer at pH 7.5, representing physiological like conditions, 
an intermediate desalting step of buffer salts is necessary. 
This was carried out on a guard column, which also 
concentrated the eluted sample, rendering it detectable by 
mass spectrometry with high sensitivity. The combination 
of SAW biosensor and ESI-MS was found to be an 
excellent tool for the epitope determination. The results 
compare well with those reported in the literature.  
[1] Perpeet, M., Glass, S., Gronewold, T., Kiwitz, A., 
Malave´, A., Stoyanov, I., Tewes, M., Quandt, E., (2006) 
SAW Sensor System for Marker-Free Molecular Interaction 
Analysis, Analytical Letters, 39: 1747-1757  
[2] Drăguşanu, M., Petre, B.-A., Slǎmnoiu, S., Tu, T., 
Gross, M. L., and Przybylski, M., (2010) Online bioaffinity- 
electrospray mass spectrometry for structure identification 
and quantification of protein-ligand interactions, J. Am. 
Soc. Mass Spectrom., submitted 
 
P197. Abstract number: 425 
The top-down analysis of chemical modification of 
ubiquitin by ECD method 
P.S. Stefanowicz, K Kowalewska, M Kijewska, A Kluczyk, 
M Cebrat, Z Szewczuk 
University of Wroclaw / Faculty of Chemistry, WROCLAW, 
Poland 
The electron capture dissociation (ECD) is a method of 
choice for top-down analysis of proteins and large 
polypeptides. In contrast to CID fragmentation method, 
ECD preserves the labile posttranslational modifications. 
We investigated the nonspecific chemical modification of 
ubiquitin by ECD method. The protein was subjected to 
glycation [1] and N-phosphorylation [2]. Although these 
modifications are unstable in gas phase during CID 
experiments, the ECD fragmentation of glycated or N-
phosphorylated compounds provided high sequence 
coverage.  
The reactivity of ubiquitin towards glucose [3] and 
phosphoramidate [2] was investigated. The glycation level 
of lysine moieties as well as the N-phosphorylation of 
histidine residues in ubiquitin was investigated on the intact 
protein using a hybrid FT-MS instrument, equipped with 
ECD. The ions of the chemically modified ubiquitin were 
isolated by quadrupole and fragmented in ICR cell by ECD 
method. The fragmentation spectrum was dominated by cn 
and (z+1)n type ions.  
The ECD method was found useful for the localization of 
chemical modification sites in glycated and phosphorylated 
ubiquitin as well as for monitoring hydrogen - deuterium 
exchange with one residue resolution [3]. Its main 
advantage is a significant reduction of the neutral losses 
related to aminofructose or phosphoramidate moiety.  
Supported by grant No. N N401 222734 from the MSHE 
(Poland).  
1. Stefanowicz P, Boraty'ski J, Kanska U, Petry I, 
Szewczuk Z, Acta Biochim. Pol. 2001; 48: 1137-1141  

2. Kowalewska K, Stefanowicz P, Ruman T, Frączyk T, 
Rode W K Szewczuk Z Bioscience Reports 2010; in Press, 
doi:10.1042/BSR20090167  
3. Stefanowicz P, Kijewska M, Szewczuk Z, J. Mass 
spectrom. 2009; 44: 1047-1052  
4. Stefanowicz P, Petry-Podgórska I, Kowalewska K, 
Jaremko Ł, Jaremko M, Szewczuk Z, Bioscience Reports 
2010; 30: 91-99 
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Proteolytic stability of KLK3-stimulating peptide B2 
and its most potent peptide analogue. 
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4Biocenter Kuopio, KUOPIO, Finland 
Kallikrein-related peptidase 3 (KLK3, also known as 
prostate specific antigen) is produced by human prostate. 
Proteolytically active form of KLK3 has been shown to 
inhibit angiogenesis and its expression decreases in poorly 
differentiated tumors. We have earlier developed KLK 3 
specific synthetic peptides, which promote the proteolytic 
activity of KLK3. All of these peptides contain disulfide 
bridge between the N- and C-terminal cysteines (Wu et al., 
2000, Pakkala et al., 2004). We modified KLK3-stimulating 
peptide B-2 with alternatively cyclized analogues by 
replacing both of the terminal cysteines (Pakkala et al. 
2010). Our earlier study showed that head-to-tail 
cyclization of KLK2 inhibiting peptide increased the 
proteolytic stability of the peptide (Pakkala et al. 2007) in 
vitro. Because KLK3 cleaves substrates mainly at the C-
terminal side of tyrosine and glutamine (Coombs et al. 
1998; Malm et al. 2000) it is feasible that the B-2 peptide 
also acts as a substrate for KLK3. Two possible initial 
cleavage sites were characterized for both of the peptides, 
orginal B2 and the analogue. The initial cleavage site by 
KLK3 was shown to be between tyrosine-7 and aspartic 
acid-8 in both peptides with mass spectrometric analysis. 
The in vitro stability of the most potent peptide analogue 
was studied in human plasma and recombinant KLK3. The 
most potent of the analogues was found to be more stable 
than original B-2 peptide not only in human plasma but 
also recombinant KLK3 showed decreased cleavage rate 
of this peptide, respectively.  
Coombs GS, Bergstrom RC, Pellequer JL, Baker SI, Navre 
M, Smith MM, Tainer JA, Madison EL, Corey DR (1998) 
Chem Biol 5:475-488  
Malm J, Hellman J, Hogg P, Lilja H (2000) Prostate 
45:132- 139  
Pakkala, M., Jylhäsalmi, A., Wu, P., Leinonen, J., 
Stenman, U. H., Santa, H., Vepsäläinen, J., Peräkylä, M. 
and Närvänen, A. (2004). J. Pept. Sci. 10, 439-447.  
Pakkala, M., Hekim, C., Soininen, P., Leinonen, J., 
Koistinen, H., Weisell, J., Stenman, U.-H., Vepsäläinen, J. 
and Närvänen A. (2007) J Pept Sci. 13, 348-353.  
Pakkala M., Weisell J., Hekim C., Vepsäläinen J., Wallen 
EAA., Stenman U.-H., Koistinen H., and Närvänen 
A.(2010). Amino Acids (in press. DOI: 10.1007/s00726-
009-0433-6)  
Wu, P., Leinonen, J., Koivunen, E., Lankinen, H. and 
Stenman, U. H. (2000). Eur. J. Biochem. 267, 6212-6220.  
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Plant cyclotides from an extreme habitat: 
Characterization of six cyclic peptides from a Violet 
growing at 3400 m. 
M Y Y Yeshak1, R Burman1, K Asres2, U Goransson1

1Division of Pharmacognosy, Department of Medicinal 
Chemistry, Uppsala University, UPPSALA, Sweden 
2School of Pharmacy, Addis Ababa University, ADDIS 
ABABA, Ethiopia 
Cyclotides comprise a family of bioactive circular mini-
proteins isolated from plants with a unique structure of 
cyclic backbone and six conserved cysteine residues 
designated as the cyclic cystine knot (CCK). Besides being 
a characteristic structural feature of the cyclotide family, the 
CCK motif makes these mini-proteins exceptionally 
resistant to chemical, enzymatic or thermal degradation 
(1). Cyclotides have pharmaceutical/medicinal significance 
due to their exceptionally stable framework, which makes 
them potential targets as scaffolds in drug design, and also 
due to the wide range of biological and pharmacological 
activities the native peptides exhibit by their own right (2,3).  
To date more than 140 cyclotides have been 
characterized, however, this is just the tip of an iceberg 
since the number of cyclotides even a single cyclotide-
producing family i.e. Rubiaceae is estimated to be tens of 
thousands (4). In our efforts to explore cyclotide structural 
diversity, we have now turned to plant species from diverse 
habitats. In the current work we have studied the cyclotide 
content of the single Violet species reported to be native to 
East African highlands, Viola abyssinica, which grows at an 
altitude of 3400 m. It was possible to isolate and 
characterize six cyclotides by employing HPLC and MS 
techniques with AAA. Five of them are novel sequences of 
which three contain an alanine moiety in one of their inter-
cysteine loops that has not been reported before for the 
position. A Fluorometric Microculture Cytotoxicity Assay 
carried out on two of the novel cyclotides revealed 
cytotoxic property of these cyclotides. These findings 
demonstrate that investigations of the cyclotide content of 
Violets growing in different environments is a promising 
route for assessing both structural and biological diversity 
for cyclotides.  
1. DJ Craik, NL Daly, T Bond, C Waine, J Mol Biol, 1999, 
294(5): 1327-36.  
2. DJ Craik, JS MyIne, NL Daly, Cell Mol Life Sci. 2010, 67: 
9-16.  
3. T Leta Aboye, RJ Clark, DJ Craik, U Goransson, 
Chembiochem, 2008, 9:103-13.  
4. CW Gruber, AG Elliot, DC Ireland, PG Delprete, S 
Dessein, U Goransson, M Trabi, CK Wang, AB Kinghorn, 
E Robbrecht, Dj Craik, Plant Cell, 2008, 20: 2471-83. 
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Heat Inactivation Of Tissue Samples To Stabilize 
Proteins, Peptides And Their Modifications 
KA Alenäs1, M Svensson1, M Borén1, M Fälth2, P Andrén2, 
P Svenningsson3, K Sköld1
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Removal of a sample from its natural surrounding leads to 
major disturbance of the tissue homeostasis. The action of 
proteases and other protein-modifying enzymes rapidly 
can change the composition of the proteome and post 
translational modifications. Subsequent analytical results 
reflect a mix of in vivo proteome and degradation products. 
In this experiment a novel stabilization system was used to 
treat fresh and frozen tissue samples to stop degradation 

and preserve the in vivo proteome by inactivation early in 
the sample preparation chain.  
The system utilizes rapid heat inactivation to eliminate 
enzymatic activity in tissue and thereby enable detection of 
endogenous peptides and monitoring of important post-
translational modifications, such as phosphorylation of 
peptides and proteins in a stabilized and preserved 
proteome. Stabilization was assessed by nano-LC-MS, 
MALDI, western blotting, and spectrophotometric assays 
on samples from brain, muscle, and liver.  
Inadequate sample handling normally cause an increase in 
degradation fragments which has been shown in these 
experiments. However, after immediate sample 
stabilization, no protein degradation fragments were 
detectable. The mass spectrometrically identified peptide 
peaks in the stabilized samples consisted of several known 
neuropeptides, endogenous peptides, and novel potentially 
biologically active peptides. Most peaks detected in an 
untreated group originate from proteins such as 
hemoglobin, cyclophilin, NADH dehydrogenase, synuclein 
and other highly expressed proteins. Accordingly, the 
assayed functions of proteases, phosphatases and 
cytochrome C oxidase showed clear inactivation after 
stabilization. The levels of phosphorylated forms of CREB, 
GSK and MAPK remained unchanged after 2 hours in 
room temperature after stabilization treatment as the levels 
of the same proteins in untreated tissue decreased in only 
10 minutes.  
 
P201. Abstract number: 458 
Effect of point mutation in the hinge region on a 
structure of an amyloidogenic protein - human cystatin 
C 
E Orlikowska1, E Jankowska1, D Borek2, R Kolodziejczyk3, 
Z Otwinowski2, M Jaskolski3, A Szymanska1

1Faculty of Chemistry University of Gdansk, GDANSK, 
Poland 
2UT Southwestern Medical Center, DALLAS, United States 
of America 
3Faculty of Chemistry, A.Mickiewicz University, POZNAN, 
Poland 
Cystatins are natural inhibitors of cysteine proteases - 
enzymes widely distributed in animals, plants and 
microorganisms. Human cystatin C (hCC) has been also 
recognized as an amyloidogenic protein directly involved in 
formation of pathological fibrilar aggregates which deposit 
in brain arteries of elderly persons causing cerebral 
amyloid angiopathy [1]. At physiological conditions wild-
type hCC is a monomeric protein, but under crystallization 
conditions (pH 4.8) forms a domain-swapped dimer [2]. 
The dimerization process is facilitated by the presence in 
the hCC structure of a flexible region created by the loop 
L1 (55-59, QIVAG) connecting protein subdomains 
undergoing the exchange process. This loop is the only 
part of hCC which undergoes significant structural changes 
during the dimerization process and, according to 
experimental [3,4] and theoretical [5,6] studies, these 
changes are driven by the conformational constraints 
attributed to the located near the top of the loop Val 
residue (Val57 for hCC). With the aim to check implications 
of grater or decreased stability of this loop on dimerization 
and aggregation propensity of human cystatin C, we 
designed and constructed hCC L1 mutants with Val57 
residue replaced by Asp, Asn (residues favored in this 
position of β-turns) or Pro, respectively. By applying this 
rational mutagenesis approach we were able to obtain 
hCC variants stable in the monomeric form both in solution 
and in the crystal (V57N), monomeric in solution but 
dimeric in the crystal (V57D) and dimeric in solution and 
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oligomeric in the crystal (V57P). The results of structural 
studies of hCC L1 mutants in the context of their 
dimerization and oligomerization propensities will be 
presented.  
This work was supported by grant of Polish Ministry of 
Higher Education No 2739/B/H03/2010/38.  
[1] Olafsson I., Grubb A., Amyloid Int. J. Exp. Clin. Invest. 
7, 70-79 (2000)  
[2] Janowski R. Et al, Nat. Struct. Biol., 8, 316-320 (2001)  
[3] Engh R.A. et al, J. Mol. Biol., 234, 1060-1069 (1993)  
[4] Martin J.R. et al, J. Mol. Biol., 246, 331-343 (1995)  
[5] Ding F. et al, Structure, 14, 5-14 (2006)  
[6] Rodziewicz-Motowidło S. Et al, Biopolymers, 91,373-83 
(2009) 
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Crystal structure of L68V mutant of human cystatin C, 
an amyloidogenic protein 
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Human cystatin C (wt cystatin C) is a one-chain protein 
(13,343 Da, 120 amino acids) that reversibly inhibits 
cysteine proteases of the papain and legumain families [1]. 
Besides its inhibitory function, hCC plays a causal role in 
development of one of neuropathological diseases - an 
amyloid angiopathy. In brain arteries of elderly individuals 
suffering from this disease cystatin C forms massive 
amyloid deposits leading to cerebral hemorrhages and 
finally death of patients [2]. The naturally occurring single 
point mutant of human cystatin C - Leu68Gln hCC - is 
implicated in hereditary cystatin C amyloid angiopathy, also 
known as hereditary cerebral hemorrhage with 
amyloidosis, Icelandic type. L68Q variant oligomerizes 
much more easily than its wild-type analog, even at 
physiological temperature. Deposition of L68Q aggregates 
in cerebral and spinal arteries and arterioles leads to 
recurrent hemorrhagic strokes causing serious brain 
damage and death of young, less than 40 years old, adults 
[3].  
The increased propensity of the L68Q hCC variant for 
oligomerization can be connected with its decreased 
conformational stability caused by the introduction of a 
bulky and polar residue into the hydrophobic interior of the 
protein [4]. To get deeper insight into the possible 
mechanism of hCC oligomerization and asses the impact 
of modifications introduced into position 68 on this process 
we designed and constructed hCC variants with Leu68 
residue replaced isosteric but polar Asn residue and 
hydrophobic but smaller in the van der Waals radius valine. 
The first mutation resulted in strong destabilization of the 
protein comparable with the one caused by glutamine 
residue. Valine mutant turned out to be more stable and 
could be expressed in good yield as a monomeric protein, 
but it shows increased propensity for dimerization in in vitro 
tests. Since we were able to obtain well diffracting crystals 
of the hCC L68V variant at two crystallization conditions 
(pH=4.6 and pH=8.0), the properties of this mutant will be 
discussed in connection to the obtained structural data. 
Acknowledgements: This work was supported by grant of 
Polish Ministry of Higher Education No 
2739/B/H03/2010/38.  
[1] Grubb A., (2000), Adv. Clin. Chem., 35, 63 - 99  
[2] Olafsson I., Grubb A., (2000), Amyloid Int. J. Exp. Clin. 
Invest. 7, 70-79  
[3] Gudmundsson G. et al, (1972), Brain 95: 387-404.  

[4] Janowski R. et al, (2001), Nat. Struct. Biol., 8, 316-320. 
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Mutants of an amyloidogenic human cystatin C in 
pressure-induced denaturation studies using 
hydrogen exchange mass spectrometry 
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Human cystatin C (hCC) is a 120 amino acids containing 
protein, ubiquitous in all body fluids. Its main physiological 
function is to regulate activity of cysteine proteases, either 
released from damaged or dying lysosomes or originated 
from microbial invasion. Besides its inhibitory function, hCC 
plays a role in development of a neurodegenerative 
disease called amyloid angiopathy, caused by pathological 
aggregation of the wild-type protein or its naturally 
occurring L68Q variant [1].  
The mechanism of cystatin C amyloid formation has not 
been elucidated till now. It is postulated, however, that 
aggregation and fibrilization proceed through propagated 
3D domain-swapping process, which was evidenced as a 
mechanism of hCC dimerization [2]. The dimer 
reconstructs in duplicate the general fold of the monomeric 
protein with the exception of the hinge region 
encompassing residues Q55IVAG59, which links the 
swapped subdomain to the rest of the molecule. With the 
aim to check implications of greater or decreased stability 
of this region for dimerization and aggregation propensity 
of human cystatin C, we designed and constructed hCC 
mutants with Val57 residue replaced by Asp, Asn or Pro, 
respectively. These mutants were the subject of our 
denaturation studies.  
Observation of H/D exchange proceeding during induced 
by growing pressure unfolding and subsequent refolding of 
the investigated proteins allowed us to detect differences in 
their stability and folding/unfolding dynamics. Basing on the 
obtained results we can conclude that proline residue at 
the hinge region makes cystatin C structure more flexible 
and dynamic, what probably facilitate the dimerization 
process of this protein. Polar asparagine did not influence 
stability of hCC conformation, while charged aspartic acid 
in 57 position made the protein more prone to unfolding but 
concomitantly also more eagerly refolding.  
The work was supported by grants BW/8000-5-0253-9 and 
1264/B/H03/2009/37.  
[1]. Olafsson I. & Grubb A., Amyloid 7, 70-79 (2000)  
[2]. Janowski R. et al, Nature Struct. Biol. 8, 316-320 
(2001) 
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Characteristics of hCC-mAb complex 
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The immune system has a major role in the defense of 
organisms against infections. Nowadays scientists are 
working on the use of antibodies in a search of inhibitors 
for many kinds of amyloidogenic diseases. The great 
potential of this concept is hidden in monoclonal antibodies 
(mAb), which recognize only one epitope of the antigen 
and are highly specific to the particular antigen. Grubb and 
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coworkers described the influence of monoclonal 
antibodies on dimerization process of human cystatin C 
(hCC). It was found that even catalytical amount of 
monoclonal antibodies visibly diminished the process [1]. 
This clearly showed that the mAb can be considered as 
potential therapeutic agent in amyloidosis caused by 
aggregation of hCC and its L68Q mutant. The 
physiological role of cystatin C is to regulate extracellular 
cysteine protease activity during microbial invasion or 
release of lyzosomal proteinases from dying or diseased 
cells. Cystatin C is monomeric in its native physioloigical 
state while in pathological conditions it is present as dimer.  
In this work we present the preliminary results of studies on 
the influence of monoclonal antibodies on dimerization 
process of human cystatin C and identification of the 
epitope for those antibodies with the use of epitope 
extraction and excision mass spectrometry method.  
This work was supported by grant of Polish Ministry of 
Science and Higher Education No. 1264/H03/2009/37  
[1] Nilsson, M., X. Wang, S. Rodziewicz-Motowidło, R. 
Jankowski, V. Lindstrom, P. Onnerfjord, G. Westermark, Z. 
Grzonka, M. Jaskólski, and A. Grubb, J Biol Chem, 2004. 
279(23): p. 24236-45 
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Cystatin C (hCC) is the the most abundant human 
extracellular inhibitor of cysteine proteinases. . Cystatin C 
is the single-chain protein which dimerize throught 3D 
domain swapping mechanizm. HCC is monomeric in its 
native physiological states while in pathological conditions 
it is present as dimer [1,2,3].Serum amyloid A (SAA) play 
major, but relatively uncharacterized roles in the acute 
phase response and are important complnentes of the 
innate immune systems of humans. Analysis of primary 
structur of human SAA suggests that approximately 80% of 
the molecules may consist of a helical bundle while the 
remaining C-terminal part is disordered [4].Cystatin C can 
create immunocomplex with SAA. The determination of the 
interacting sites could also be useful in designing new tools 
for diagnostics in many neurodegenerative disordes. The 
identification of the binding site in hCC should be very 
important for oligomeryzation studies of new 
oligomerisation inhibitors may be designed baded on SAA 
binding fragmnets. In this work we present a novel affinity 
metod for protein-peptide interaction studies that enabled 
identification of the interactions between human cystatin C 
and serum amyloid A. For the identification of the binding 
sites were applied extraction/excision mass spectrometry 
method together with digestion by means different 
proteolytic enzymes[5]. The binding sites of for SAA-hCC 
complex are located in C-terminal part of both protein, 
namely residues (96-102) in hCC and (87-105) in 
SAA.Acknowledgements: This work was supported by 
grant of Polish Ministry of Higher Education No 
1264/H03/2009/371. Grubb A., Adv Clin Chem, 
2000.35:p63-692. Grzonka Z., Jankowska E., 
Kasprzykowski F., Kasprzykowska R., Łankiewicz L., 
Wiczk W., Wieczerzak E., Ciarkowski J., Drabik P., 

Jankowski R., Kozak M., Jaskólski M., Grubb A., Acta 
Biochem Pol, 2001. 48(1):p. 1-20.3. Janowski R., Kozak 
M., Jankowska E., Grzonka Z., Grubb A., Abrahamson M., 
Jaskólski M., Nat. Struct. Biol., 2001, 8,316-320.4. Stevens 
F.J., Protein Folding Disord., 2004,11,71-80.5. Macht M., 
Fiedler W., Kurzinger K., Przybylski M., Biochemistry, 
1996. 35(49):p. 15633-9. 
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Identification of cytoskeletal proteins monoclonal 
antibodies recognized by CSF114(Glc), the synthetic 
probe of Multiple Sclerosis 
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5Dept of Neurological Sciences & Azienda Ospedaliera 
Careggi, FIRENZE, Italy 
CSF114(Glc) is a simple, reliable, and efficient tool, 
detecting for the first specific and high affinity 
autoantibodies in a statistically significant number of 
Multiple Sclerosis patients.1, 2, 3 The corresponding native 
antigen(s) possibly triggering anti-CSF114(Glc) antibodies 
have not been yet identified and characterised.  
In this study, we demonstrated the ability of CSF114(Glc) 
to specifically recognize monoclonal IgGs antibodies of 
cytoskeletal proteins.  
Frozen rat brain was homogenized and solubilized in 
tritonX-100. Solubilized fractions were analysed in 12% 
SDS-PAGE.  
Extracted proteins were transferred onto Nitrocellulose 
membrane and western blots were performed using affinity 
purified anti-CSF114(Glc) IgGs. We constantly found three 
positive bands recognized by affinity purified anti-
CSF114(Glc) IgGs at the positions of 130kDa, 98kDa, and 
46kDa. On the contrary affinity purification of normal blood 
donors sera using the same CSF114(Glc) column did not 
recognize those bands.  
Bands of interest from SDS-PAGE were excised and 
trypsin digested. Digested samples were analyzed by 
MALDI-TOF and MS/MS. We succeeded in identifying 
2’,3’-cyclic-nucleotide 3’ phosphodiesterase, brain specific 
Alpha actinin, and spectrin alpha chain (Alpha Fodrin) 
corresponding to positions 46kDa, 98Da, and 130kDa 
respectively.  
To confirm our data, we purchased monoclonal antibodies 
to Alpha fodrin and CNPase (Abcam), and Alpha actinin 
(Sigma). All the monoclonal IgGs were used in BiaCore for 
binding analysis with CSF114(Glc) coated chips. We found 
that anti-Alpha actinin and anti-Alpha fodrin were able to 
bind to CSF114(Glc) while anti-CNPase IgGs were not 
able to bind to CSF114(Glc) at the same concentration.  
In conclusion, we found that CSF114(Glc) specifically 
recognizes monoclonal IgGs anti-Alpha fodrin and anti-
Alpha actinin belonging to the same family of cytoskeletal 
proteins. Are these two proteins possible native antigens 
involved in triggering antibodies in MS?  
1. Papini, A.M. et al. Granted U.S.A. Patent & PCT WO 
03/000733 A2.  
2. Papini AM. Simple test for multiple sclerosis. Nat. Med. 
2005; 11: 13.  
3. A. Carotenuto, et al. J. Med. Chem. 2008, 51, 5304-
5309  
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O-glycopeptide microarrays for identification of IgG 
antibodies to herpex simplex virus 2. 
EC Cló1, T Bergström2, S Olofsson2, K Jensen J.3, O Blixt1
1ICMM, Faculty of Health Sciences, University of 
Copenhagen, COPENHAGEN, Denmark 
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We have developed a high throughput O-glycopeptides 
screening platform for profiling of glycan binding proteins, 
monoclonal antibodies or disease-associated 
autoantibodies. In our approach, a parallel peptide 
synthesizer is used to generate 20-mers designed 
(typically) as 10-mers overlaps covering the targeted 
protein portion by means of Fmoc-based solid phase 
peptide synthesis (SPPS). The site of O-glycosylation is 
carefully controlled by means of glycosylated Fmoc-
protected Serine/Threonine building blocks inserted at the 
desired positions during synthesis while deletion peptides 
are capped with acetic anhydride at each coupling cycle. 
After cleavage from the beads, overall amino acid 
deprotection, desalting and deacetylation of the sugar 
moieties, the (glyco)peptide libraries are directly 
immobilized on NHS-activated microarray glass surface 
resulting in on-slide enrichment of desired glycopeptide 
products via free N-terminal amines. Further, the on-slide 
peptides are amenable to enzymatic glycosylation with 
different polypeptide GalNAc-transferases and other 
elongating glycosyltransferases, so that extended diversity 
in O-glycan occupancy and O-glycan structures can be 
generated.  
We have utilized our platform to study the human antibody 
response, in blood and cerebrospinal fluid, to Herpes 
Simplex Virus (HSV) 2 infection. HSV-1 and HSV-2 are two 
closely related viruses to which the antibody response 
against several of their envelope proteins is largely cross-
reactive. We focused on envelope glycoprotein G (gG) as it 
harbors the only HSV antigens known to induce type-
specific antibody responses, currently in use for serological 
assays to discriminate between HSV-1 and HSV-2 
infections. Peptide 20-mers representing full-length HSV-2 
gG were prepared as outlined above and immobilized on-
slide. The slides were probed with mAbs as well as patient 
sera and samples of cerebrospinal fluid from individuals 
carrying none, either or both viral infections. Our 
preliminary results indicate that it is indeed possible to 
apply our microarray platform to retrace known epitopes 
responsible for HSV-2 type-specificity, along with other 
unaccounted epitopes in the O-glycan rich region of the 
mature part of the gG protein.  
 
P208. Abstract number: 555 
Advances in MS/MS Sequencing of Cyclic Peptides: 
What's around the Bend? 
L Colgrave1, A Poth1, Q Kaas2, D Craik2

1CSIRO Livestock Industries, BRISBANE, Australia 
2The University of Queensland, Institute for Molecular 
Bioscience, BRISBANE, Australia 
In recent years, the discovery of a large family of cyclic 
peptides, named the cyclotides, has revealed Nature’s 
ingenuity in drug design. The incorporation of a cyclic 
peptide backbone and a knotted arrangement of disulfide 
bridges confer extraordinary chemical, thermal and 
enzymatic stability on this family of biologically active 
peptides. However, these attributes present challenges in 
the identification and characterisation of cyclotides.  

Mass spectrometry (MS) has become the gold standard for 
the identification of peptides, but relies on ionization by 
protonation of the peptide, preferentially occurring at basic 
sites (Lys, Arg, His) and at the N-terminus. The absence of 
termini and the relatively low number of basic residues in 
prototypic cyclotides represents the first major challenge in 
MS analysis. Tandem mass spectrometric (MS/MS) 
sequencing is enabled by fragmentation of a peptide along 
the backbone primarily at the amide bonds. A typical 
peptide will produce a suite of sequence ions allowing the 
amino acid sequence to be ”read off”. In the case of the 
cyclotides, fragmentation is severely hampered by the 
cyclic nature and presence of disulfide bridges. Standard 
proteomic approaches such as reduction, alkylation and 
digestion may be employed to produce linear derivatives 
amenable to MS/MS sequencing. However, high sequence 
homology between cyclotides, the unusual gene structure 
and lack of genomic data provide additional challenges in 
piecing back together the cyclotide puzzle.  
In this presentation, the challenges in the MS identification 
and sequencing of cyclic peptides will be addressed and 
novel analytical and bioinformatic approaches that have 
been developed to overcome these hurdles will be 
described.  
 
P209. Abstract number: 566 
Enhanced detection of sulfo-peptides in matrix-
assisted laser desorption / ionization time-of-flight 
mass spectrometry 
Dr CANTEL, C Enjalbal, M Smietana, JJ Vasseur, J 
Martinez, L Brunel 
IBMM, UMR 5247, MONTPELLIER, France 
Protein identification and characterization, has become one 
of the central activities in proteomics. The biological activity 
of many proteins is regulated by the extent and positions of 
posttranslational modifications (PTMs). More than 200 
different PTMs have been described but only a minor 
fraction of those has been studied in detail. Indeed, most of 
these PTMs are lacking appropriate analytical methods 
that allow the sensitive, residue-resolved detection and 
localization of the modifications.  
It appears that sulfation of tyrosine is a PTM occurs almost 
exclusively on secreted and trans-membrane spanning 
proteins. Evidence suggests up to 1% of all tyrosine 
residues of the total protein content in an organism can be 
sulfated.Mass spectrometry has been developed as a key 
technology for protein modification analysis.  
Many mass spectrometric studies on sulfopeptides are 
MALDI based. It has been reported that the sulfo-moiety 
from sulfopeptides is readily and quantitatively lost in 
positive ion mode. Alternatively, MALDI in negative mode 
has proven useful for analysis of sulfopeptides as 
deprotonated anionic sulfomoieties are worse leaving 
groups than protonated neutral ones.  
Hence, significant amounts of intact tyrosine-sulfonated 
species are detectable irrespective of linear or reflectron 
mode although the linear mode shows less fragmentation.  
Here we describe a peptide/small molecule non covalent 
interaction system allowing detection of the entire sulfo-
peptides in the reflectron/ linear positive mode by matrix-
assisted desorption/ionization time-of-flight mass 
spectrometry (MALDI-TOFMS). We will highlight strengths 
and limitations of this strategy and phospho-peptides 
detection approach will be discussed.  
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P210. Abstract number: 7 
Parental and non-parenteral routes for delivery of 
peptides drugs:  Opportunities and challenges  
W Danho1, R Tarantino1, R Iyer1, B Luekel2
1Hoffmann-La Roche Inc., NUTLEY, United States of 
America 
2F. Hoffmann La Roche Ltd., BASEL, Switzerland 
As one of four therapeutic modalities to address unmeet 
medical needs and mitigate risk in development, the 
market for peptides drugs is growing nearly twice as fast as 
that for all other types of pharmaceuticals. This growth is 
largely driven by an increased number of therapeutic 
targets. The market size for peptides drugs in 2009 is 
estimated at US$ 3.6 billon, with a projected growth rate of 
>10 % per year. In recent years, there are at least 33 
therapeutic peptides on the market; 29 in Phase III, 83 in 
Phase II, 66 in Phase 1 and over 400 peptides are also 
reported to be in advanced stages of pre-clinical research. 
In the past decade, great progress has been made in the 
synthesis (large scale), selectivity, and duration of action. 
Delivery, however, remains the main challenge for further 
development. Progress has been made in parenteral 
delivery with broad range of technologies available for 
necessary release profiles. Each non-parenteral delivery 
system (i.e., oral, nasal, pulmonary, buccal and 
transdermal) has specific advantages and disadvantage, 
but advances in each of these techniques are coming 
about rapidly. These points and the overall progress in 
therapeutic peptide field will be addressed in this 
presentation. 
 
P211. Abstract number: 11 
Role of triple Hyp?Pro substitution on conformation 
and bioactivity of integramide A 
MDZ De Zotti1, W De Borggraeve2, B Kaptein3, QB 
Broxterman3, S.B. Singh4, P.J. Felock4, D.J. Hazuda4, F 
Formaggio1, C Toniolo1

1Department of Chemistry, University of Padova, 
PADOVA, Italy 
2Department of Chemistry, Catholic University Leuven, 
LEUVEN, Belgium 
3DSM Innovative Synthesis BV, GELEEN, The 
Netherlands 
4Medicinal Chemistry, Merck Research Laboratories, 
WEST POINT, PA, United States of America 
AIDS is produced by HIV-induced infections. HIV integrase 
is an important enzyme as it is critical for the integration of 
HIV genome into that of the host cell. Because this 
complex process is exclusively brought about by the virus, 
the enzyme, not found in the host cell, represents a safe 
target for the development of a single or a combined anti-
HIV therapy. Integramide A is a 16-mer long, effective 
peptaib inhibitor of HIV-1 integrase. We have recently 
described a versatile synthetic strategy in solution to afford 
this natural compound and its diastereomer at positions 14 
and 15, and found that both peptides display a significant 
inhibitory activity (1). Here, we present our data on the 
synthesis in solution, in-depth conformational analysis, and 
biological activity against HIV-integrase of the analogs of 
the two above mentioned peptides in which all of the three 
(2S,4R)-Hyp residues at positions 2, 9, and 13 are 
replaced by L-Pro. This study definitely confirms that the 
mixed α-/310- helical conformation of natural integramide A 
plays a key role in its mechanism of inhibition. Moreover, 
our data provide evidence that the amphipathic character 
of this helical structure is not required for the activity of 
integramide A against HIV-1 integrase. These observations 
will hopefully be useful to further clarify the precise 
mechanism of inhibition of this interesting peptaib and to 

identify shorter peptide sequences active against HIV-1 
integrase.  
1. De Zotti, M.; Damato, F.; Formaggio, F.; Crisma, M.; 
Schievano, E.; Mammi, S.; Kaptein, B.; Broxterman, Q.B.; 
Felock, P.J.; Hazuda, D.J.; Singh, S.B.; Kirschbaum J.; 
Brückner, H.; Toniolo, C. Chem. Eur. J. 16 (2010) 316-327. 
 
P212. Abstract number: 17 
ACE inhibitors and their protein precursors - the 
strategy of research 
A. I. Iwaniak 
University of Warmia and Mazury, OLSZTYN-KORTOWO, 
Poland 
Angiotensin I converting enzyme (ACE) inhibitors are 
considered as the molecules that contribute to reduction of 
blood pressure. These peptides are encrypted in many 
food-derived bioactive proteins and due to their special 
properties they are found as the valuable food components 
that can be regarded as health-promoting ingredients [1].  
There is vast amount of data about the ACE inhibitors 
available in the literature and computer databases. 
Databases along with some bioinformatic tools allow for 
the understanding some biological processes by 
application of specially designed mathematical and 
statistical algorithms [2].  
The aim of the work was to elaborate the strategy of 
identification of ACE inhibitors in major groups of proteins 
by applying a BIOPEP database. This strategy involves the 
application of qualitative and quantitative criteria to 
evaluate protein as the source of ACE inhibitors as well as 
the prediction of release of them due to the action of 
digestive enzymes. The strategy of defining the best/worse 
source of ACE inhibitors in the protein precursors can be 
useful in the nutraceuticals design. Moreover, the strategy 
proposed is consistent with the idea of food peptidomics 
which covers the research concerning both the 
composition, changes of the pool of peptides and the 
methods applied in the studying of these group of 
molecules [3].  
[1] Iwaniak A., Dziuba J., 2009. Animal and plant origin 
proteins as the precursors of peptides with ACE inhibitory 
activity. Proteins evaluation by means of in silico methods. 
Food Technol. Biotechnol., 47 (4), 441-449.  
[2] Blythe M. J., Doytchinova I. A., Flower D. R. , 2007. 
JenPep: a database of quantitative functional peptide data 
for immunology. Bioinformatics, 18, 3, 434-439.  
[3] Minkiewicz P., Dziuba J., Darewicz M., Iwaniak A., 
Dziuba M., Nałęcz D., 2008. Food peptidomics, Food 
Technol. Biotechnol., 4 ,1-10.  
 
P213. Abstract number: 27 
Cortagen protects brain against ischemic damage in 
experimental models of focal and incomplete global 
ischemia 
K. Granstrem1, A. Gavrilova2, E Fadyukova2, V. Golubeva2

1GEROPHARM, SAINT-PETERSBURG, Russia 
2Faculty of Basic Medicine, M. V. Lomonosov Moscow 
State University, MOSCOW, Russia 
Although numerous drugs have been advocated for stroke 
therapy, so far there are no drugs whose efficacy in 
preventing acute brain damage and/or promoting 
subsequent rehabilitation has been demonstrated 
unequivocally. In the present study we investigated the 
effect of the novel synthetic peptide Cortagen® (Ala-Glu-
Asp-Pro) on the volume of the cerebral cortex infarct area 
and on the dynamics of subsequent neurological deficits in 
rat stroke models.  
Two models were employed. Focal ischemia in Rattus 
Norvegicus males was induced by a modification of the left 
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middle cerebral artery occlusion (MCAO) method by 
combined ligation of the efferent vein and the ipsilateral left 
carotid artery. We also studied incomplete global cerebral 
ischemia (IGCI) in Rattus Norvegicus males following 
irreversible bilateral carotid artery occlusion.Operated 
animals were injected intraperitoneally with either 10 g/kg 
or 150 g/kg of Cortagen at 15 min, 2 h 15 min, 24 h and 
48 h following arterial occlusion (both protocols) and 
additionally at 72 h and 96 h (IGCI protocol). Control 
animals received saline. Infarct volume 72 h after surgery 
in MCAO model was determined on brain cross-sections 
using quantitative planimetry. Neurological deficits 
following surgery in IGCI model were monitored during the 
first 10 h post-surgery and were evaluated according to 
Sarkisova’s scale. Death-rates were assessed at 12 h and 
10 days post-surgery.  
Infarct volume was significantly reduced in animals 
receiving Cortagen at 10 g/kg (5.1 ± 3.7 % of total left 
cortex volume compared to 9.5 ± 5.5 % in the control 
group; p < 0.05). Both doses of Cortagen (10 g/kg and 
150 g/kg) attenuated the severity of neurological deficits 
in IGCI rats, and the number of animals with serious 
neurological disturbances (9, n = 15) was significantly 
lower than in control group (13, n = 16; p < 0.05). Both 
doses of Cortagen decreased acute mortality assessed 
during the first 12 h after IGCI (7 - 10 % vs 40 % in 
controls; p < 0.01) without having any effect on mortality at 
10 days post-surgery.  
These data indicate that Cortagen is a promising 
neuroprotective agent with potential to reduce brain 
ischemic damage and the subsequent manifestation of 
neurological deficits. Further studies on the use of 
Cortagen to extend the therapeutic window following acute 
cerebral stroke are warranted. 
 
P214. Abstract number: 28 
A method for screening peptides bound to EGFR by 
using multiple fluorescent amino acids as fluorescent 
tags 
M.K. Kitamatsu, T.Y. Yamamoto, M.S. Sisido 
Okayama University, OKAYAMA, Japan 
A peptide library is generally used for screening peptides 
bound to a target protein. The phage display method and 
the one-bead-one-compound method are widely used 
methods for screening with a peptide library. However, the 
methods have a drawback in the case of screening for 
short peptides because of the need to fix the short peptides 
on large carriers like phages and beads. The carriers often 
interact with targets nonspecifically. To overcome this 
drawback, we have developed a new screening method 
without large carriers. In this method, a peptide library is 
labeled with multiple fluorescent amino acids. The peptides 
binding to targets are detected quantitatively by specific 
fluorescence from the fluorescent amino acids labeling to 
peptides. In this study, we screened 8-mer peptides bound 
to epidermal growth factor receptor (EGFR) by this 
method. EGFR is a receptor tyrosine kinase over-
expressed on surface of many human cancers. It is 
regarded as a significant target of tumor.  
Peptide was prepared by solid-phase peptide synthesis. 
The sequence is Ac-EE-Fl-EE-Sp6-XXXO1O2XXX-NH2. 
O1 and O2 indicate fifteen D-configurated amino acids 
other than Cys, Gly, Leu, Glu and Gln. X indicates 
equimolar mixture of these amino acids. Fl indicates a 
fluorescent amino acid. Fifteen fluorescent amino acids 
were used in this study. Each of fluorescent amino acids 
was corresponded to O1 and O2. Sp6 is ethylene glycol 
linker as spacer.  

Peptide library was incubated with EGFR in HEPES buffer 
(pH 7.2) at room temperature for 2 h. The concentrations of 
peptides were 190 µM (4.5 nmol) and that of EGFR was 
8.6 µM (0.36 nmol). And the peptides binding to EGFR 
were recovered by gel filtration chromatography. The 
peptides binding to EGFR was quantified by specific 
fluorescence in the peptides. Fluorescence was measured 
by three-dimension fluorescence spectroscopy in HEPES 
buffer containing 50% MeOH. And each of fluorescence 
was differentiated and determined these quantities by 
least-squares analysis. As the result, it found that Ac-EE-
FL-EE-Sp6-XXXYFXXX-NH2 is most strongly bound to 
EGFR. Binding amount of the peptide was 41 pmol. This 
result also indicates that the peptides binding to EGFR 
were successfully differentiated and quantified by this 
method. 
 
P215. Abstract number: 30 
A second generation peptide activator derived from 
the C2 domain of delta protein kinase C and regulates 
its function in the mitochondria 
QN Qvit, MH Disatnik, D Mochly-Rosen 
Stanford University, STANFORD, CA, United States of 
America 
The C2 domain (conserved domain 2), identified first in 
protein kinase C (PKC), is found in a large number of 
proteins and mediates important protein-protein 
interactions (PPI) [1]. The C2 domain, a 120 amino acid-
long domain, forms a two beta sheet sandwich that binds 
negatively charged phospholipids and calcium. We study 
the C2 domain of PKC and its role in PPI in PKC-mediated 
signaling.  
PKC is a key player in a variety of signal transduction 
pathways such as apoptosis and cell proliferation and it 
plays a critical role in various diseases such as cancer, 
stroke, and cardiac ischemia. PKC is a large family of 
serine/threonine protein kinases that translocate from one 
cell compartment to another following activation. We 
demonstrated that the C2 domain is critical in PKC 
translocation, as this domain serves to anchor PKC to 
other proteins. Using a number of rational approaches, we 
successfully generated peptides derived from the PKC C2 
domain that selectively disrupts PPI between individual 
PKC isozymes and their anchoring proteins, Receptors for 
Activated C Kinase (RACKs).  
A peptide delta PKC-selective activator, termed delta-
RACK, mediates delta PKC activation and translocation to 
the mitochondria, which increases tissue damaging after 
cardiac ischemia and reperfusion (I/R) [2]. Using the same 
model of isolated rat heart subjected to I/R, we showed 
that a new peptide, mito-delta, that was also derived from 
delta-PKC C2 domain, also induces delta PKC 
translocation to the mitochondria and selectivity regulates 
delta PKC interaction with distinct substrates. Surprisingly, 
although both peptides induce translocation of delta PKC 
to the mitochondria, mito-delta reduces I/R injury whereas 
the delta-RACK increases I/R damage. The mito-delta 
represents a second generation peptide that affects PPI 
that are unique for pathological conditions and not other 
functions. We suggest that the mito-delta promotes the 
interaction of delta PKC with proteins distinct from delta-
RACK. Current studies focus on identifying those 
mitochondrial binding proteins that regulate cardiac 
protection during I/R. Because the C2 domain is found in 
over 60 signaling proteins, this study opens a new 
approach to identify pharmacological tools and perhaps 
even drugs that selectively regulate the functions of these 
C2-contianing proteins in specific pathological signaling 
events.  
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1. Kheifets, V. et al. Pharmacol Res, 2007. 55: p. 
467-76.  
2. Chen, L., et al., PNAS, 2001. 98: p. 11114-19.  
 
P216. Abstract number: 41 
IMPROVING PEPTIDE THERAPEUTICS FOR HIV AND 
OTHER VIRAL DISEASES 
AP Pessi1, MP Porotto2, CY Yokoyama2, LMP Palermo2, 
RC Cortese3, AM Moscona2

1PeptiPharma s.r.l., ROMA, Italy 
2Weill Medical College of Cornell University, NEW YORK, 
United States of America 
3CEINGE, NAPOLI, Italy 
Fusion of enveloped viruses with the host cell is driven by 
specialized fusion proteins. The ”class I”fusion proteins 
harbor two regions, typically two heptad-repeat (HR) 
regions, which are central to the complex conformational 
changes leading to fusion: HR1, adjacent to the fusion 
peptide, and HR2, immediately preceding the 
transmembrane domain. An obligatory step for membrane 
fusion is transition of the so-called pre-hairpin intermediate, 
where HR1 and HR2 are separated, to the post-fusion 
structure, where they bind to each other. This transition is 
inhibited by HR2-derived peptides like, for HIV, C34 and 
T20: the latter is in clinical use with the name 
enfuvirtide/Fuzeon®.  
A number of HR2-derived peptides have been engineered 
to interact more strongly with HR1, but none is significantly 
more potent than C34/T20. A possible explanation is that 
the potency of fusion inhibitors is kinetically rather than 
thermodynamically-driven, being strongly influenced by 
parameters like the lifetime of the sensitive state, and the 
rate of inhibitor association, so that beyond a certain 
threshold of potency, the equilibrium binding strength plays 
a diminished role.  
We have devised a general method to increase the rate of 
association of fusion inhibitors with the pre-hairpin 
intermediate, by pre-concentrating the peptide in the 
membrane raft microdomains where viral fusion occurs. 
The method is based on the addition of cholesterol group 
and for HIV, addition of cholesterol to C34 led to a dramatic 
increase in antiviral potency [Ingallinella et al., Proc. Natl. 
Acad. Sci. U.S.A. 106 (2009) 5801]  
We report here that cholesterol tagging is also very 
effective for three paramyxoviruses: the parainfluenza virus 
type 3 (HPIV3), which is major cause of lower respiratory 
diseases in infants, and the emerging zoonotic viruses 
Hendra (HeV) and Nipah (NiV), which cause lethal central 
nervous system diseases. Similarly to HIV, we observed > 
100-fold increase in antiviral potency for a HPIV3 peptide 
fusion inhibitor, and 20-fold increase for HeV and NiV.  
Moreover, we report preliminary data which extend the 
approach to an additional group of enveloped viruses: 
those where activation of the class I fusion machinery 
occurs intracellularly. For these viruses no HR-derived 
peptide inhibitor has been reported so far. We found that a 
cholesterol-tagged HR2-derived peptide was an effective 
inhibitor of the influenza A/H3N2 virus in cell culture, while 
the untagged peptide was inactive. 
 
P217. Abstract number: 44 
Leptin receptor antagonist peptide is highly 
efficacious in animal models of leptin-overabundance 
diseases 
L Otvos1, I Kovalszky2, J Olah2, A Sztodola2, A 
Vanniasinghe3, N Manolios3, J Wade4, E Surmacz1

1Temple University, PHILADELPHIA, United States of 
America 
2Semmelweis University, BUDAPEST, Hungary 

3The University of Sydney, SYDNEY, Australia 
4Howard Florey Institute, MELBOURNE, Australia 
Leptin, a cytokine produced mostly in the white adipose 
tissue, is a satiety factor regulating appetite and energy 
expenditure by acting on leptin receptors in the 
hypothalamus. It also controls multiple physiological 
processes in peripheral organs, including activation of 
immune responses and inflammation. In addition, leptin 
has been implicated in the development of obesity-related 
cancer. Thus, inhibition of leptin signaling would be a 
radically new and promising therapy option against 
different diseases linked to peripheral leptin-
overabundance.  
We have developed a family of leptin receptor antagonist 
nonapeptides that selectively inhibit leptin-induced 
proliferation of brain and breast cancer cells in pico- and 
nanomolar concentrations as well as pro-inflammatory 
signaling in immune cells. In cancer cells the peptides 
inhibit ERK1/2 and STAT3 signaling. These leptin receptor 
antagonist peptides contain 2-3 unnatural amino acid 
residues; the lead peptide having the sequence H-alloThr-
Glu-Nva-Val-Ala-Leu-Ser-Arg-Aca-NH2 is designated as 
Allo-Aca. Allo-aca did not exhibit any systemic toxicity in 
normal CD-1 mice up to the 5 mg/kg highest subcutaneous 
(sc) dose studied, but at 0.1 mg/kg/day added sc for 38 
days reduced (approximately by 50%) the growth of MCF-7 
breast cancer xenografts in scid mice. Moreover, at 0.01 - 
0.1 mg/kg/day sc for 3 weeks, the peptide statistically 
significantly improved the survival of scid mice carrying 
metastatic triple negative breast cancer xenografts. The 
efficacy was comparable to that of cisplatin without the 
toxic effects of the chemotherapy treatment. In a rat model 
of adjuvant-induced rheumatoid arthritis (RA), Allo-aca 
given at 0.1 mg/kg/day dose sc for 3 days fully reversed 
several RA symptoms (i.e control animals had 20-30% 
increase in ankle and paw thickness and width that 
completely returned to normal upon peptide treatment).  
Based on these data, Allo-aca may represent the next 
sought-after target drug in oncology and autoimmune 
therapy. 
 
P218. Abstract number: 51 
Impact of peptide ghrelin antagonists on metabolic 
syndrome in female obese mice 
LM Maletinska1, BZ Zelezna1, RM Matyskova1, JM 
Maixnerova1, MP Pychova1, AS Spolcova1, MB Blechova1, 
JJ Jurcovicova2, MH Haluzik3

1Institute of organic chemistry and biochemistry, PRAGUE 
6, Czech Republic 
2Third Faculty of Medicine, Charles University, PRAGUE, 
Czech Republic 
3First Faculty of Medicine, Charles University, PRAGUE, 
Czech Republic 
Antagonists and inverse agonists of orexigenic hormone 
ghrelin are promising substances for treatment of obesity. 
Based on the fact that ghrelin is stimulated both at 
estrogen deficienty and consumption of high fat diet, we 
hypothesize that inhibition of ghrelin could be especially 
beneficial in postmenopausal females with diet induced 
(DIO) obesity. As a model of the condition mentioned, we 
used ovariectomized (OVX) C57Bl/6 mice on high fat (HF) 
diet and treated them either with ghrelin antagonist [DLys3 
]GHRP-6 or ghrelin inverse agonist 
[DArg1,DPhe5,DTrp7,9, Leu11]substance P (SPa).  
First, both substances were tested for their effect on acute 
food intake after their subcutaneous administration to lean 
fasted mice where both peptides lowered food intake in a 
dose-dependent way.  
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Then [DLys3]GHRP-6 or SPa were administered 
subcutaneously twice a day for one-week-long 
administration to OVX mice on HF diet and to all possible 
control groups: OVX mice fed with standard diet, and OVX 
mice fed either with standard or HF diet under E2 
supplementation. In OVX mice on HF diet, [DLys3]GHRP-6 
long-term treatment lowered significantly food consumption 
and body weight and significantly attenuated parameters 
related to metabolic syndrome such as fat/body weight, 
and leptin, glucose, and insulin levels. This effect was 
more pronounced in OVX mice on HF diet than in all 
control groups. On the other hand, the effect of SPa did not 
reach that of [DLys3]GHRP-6.  
In order to find out mechanism of anorexigenic action of 
ghrelin antagonists, expression of neuropeptide Y in 
nucleus arcuatus of hypothalamus was determined. 
Possible shifts in metabolic efficiency were estimated from 
the expression of uncoupling protein in brown fat.  
In our previous study, we found that ovariectomized (OVX) 
mice on HF diet developed resistance to an effect of 
intracerebroventricularly administered leptin on food intake 
and body weight (Horm. Metab. Res. 42:182, 2010). Here 
we show that for treatment of obesity and metabolic 
syndrome resulting from central leptin resistance, 
antagonists and inverse agonists of orexigenic hormone 
ghrelin are promising substances, especially at estrogen 
deficiency such as in postmenopausal women with 
metabolic syndrome.  
Supported by Grant Agency of the Czech Republic GAČR 
303/09/0744 and Z40550506 of the Academy of Sciences 
of the Czech Republic.  
 
P219. Abstract number: 55 
De novo designed cyclic decapeptides with anticancer 
activity 
L: Feliu1, G Oliveras2, A Díaz-Cirac1, S Cufí2, C Rosés1, R 
Colomer3, E Bardají1, M Planas1, T Puig2

1LIPPSO - University of Girona, GIRONA, Spain 
2Catalan Institute of Oncology-Girona Biomedical 
Research Institute, GIRONA, Spain 
3MD Anderson España, MADRID, Spain 
Antimicrobial peptides are known to exhibit anticancer 
activity. Particularly those with low hemolytic activity can be 
considered as good candidates for the development of new 
anticancer agents [1-3]. We designed and synthesized a 
library of cyclic decapeptides, with general structure c(X5-
Phe-X3-Gln) where X is Lys or Leu, that displayed high 
antibacterial activity and low hemolysis [4]. In the present 
study, we tested the cytotoxicity of these peptides on five 
human carcinoma cell lines, and their effects on apoptosis 
and cell signaling proteins in cultured human cervical 
carcinoma cells. Peptides exhibiting a promising anticancer 
effect in all selected cell lines were identified. Best peptides 
also showed low hemolytic activity, low cytotoxicity to non-
malignant fibroblasts and were stable in human serum. 
Moreover, induction of apoptosis was observed for these 
peptides as evidenced by caspase activation. For the 
peptide with the optimal biological profile, its ability to 
synergize with cisplatin in HeLa cells was evaluated and 
will be discussed.  
[1] Hoskin, D. W., Ramamoorthy, A. Biochim. Biophys. 
Acta 2008, 1778, 357-357.  
[2] Leuschner, C., Hansel, W. Curr. Pham. Design 2004, 
10, 2299-2310.  
[3] Mader, J. S., Hoskin, D. W. Expert Opin. Investig. Drugs 
2006, 15, 933-946.  
[4] Monroc, S., Badosa, E., Besalú, E., Planas, M., Bardají, 
E., Montesinos, E., Feliu, L. Peptides 2006, 27, 2575-2584.  
 

P220. Abstract number: 76 
SYNTHESIS OF TACRINE ANALOGUES COMPRISING 
PEPTIDE MOIETY 
L Danalev, L Vezenkov 
University of Chemical Technology and Metallurgy, SOFIA, 
Bulgaria 
Alzheimer’s disease (AD) is a neurodegenerative illness, 
which affects millions of people worldwide. According to 
World Health Organization around 26.6 million people 
worldwide had AD in 2006. Following the dynamic 
development of the disease the number of patients with AD 
may quadruple by 2050. Today a most useful approach for 
the treatment of AD in a medical practice is to restore the 
level of acetylcholine by inhibiting of the enzyme 
acetylcholinesterase (AchE) with reversible inhibitors 
(AChEIs) as well as the inhibition of the enzyme γ-
secretase. The latter is responsible for appearing of senile 
plaques in the brain. Clinical trials have shown that AChEIs 
like tacrine and physostigmine improve effectively the 
memory of some patients. The tacrinе, although weaker 
than physostigmine, is more useful in the treatment of AD. 
Unfortunately, the use of tacrinе is limited by poor oral 
bioavailability, the necessity for four-times daily dosing, and 
considerable adverse drug reactions (including nausea, 
diarrhea, urinary incontinence and hepatotoxicity) such that 
few patients could tolerate therapeutic doses. Herein, we 
report on the synthesis of a series of tacrine analogues 
comprising peptide moiety. These compounds were 
designed with aim to combine two important for AD 
treatment effects - AChE and γ-secretase inhibition. 
Additionally, in our opinion the introduction of peptide 
moiety in the hybrid structures could decrease their toxicity 
and to preserve or even increase its biological activity. 
 
P221. Abstract number: 90 
Inhibition of amyloid formation in model peptides 
Mr. Brandenburg, H Berlepsch, B Koksch 
Free University Berlin / Department of Chemistry and 
Biochemistry, BERLIN, Germany 
A de novo designed α-helical coiled-coil peptide A has 
been shown to inhibit the amyloid formation of two related 
de novo designed amyloidogenic sequences B and C. The 
design of the 26 residue peptides was based on the 
naturally occurring coiled-coil folding motif [1],[2].By 
introducing a few changes into the primary sequence of an 
ideal coiled-coil peptide we were able to get a set of 
variants that dramatically differed in their aggregation 
behaviour. Peptide A formed stable coiled-coil trimers. The 
incorporation of three valine residues in b, c, and f 
positions initiated an α' β conformational change. As a 
result peptide B formed amyloid-like fibrils. Peptide C 
follows the design of B whereby positively charged Lysine 
residues were placed in close spatial proximity at positions 
b, e, and f, which generates an equally charged domain. 
As a consequence, the α-helical coiled coil structure is 
destabilized at pH 7.4 and peptide C underwent a 
conformational change from random coil to a β-sheet at pH 
4 and formed amyloid-like fibrils within few days [3]. To 
characterize the conformational transition, the fibril 
formation, and the structure of amyloid fibrils of the pure 
peptides B and C as well as in the mixtures with peptide A 
different analytical methods were applied, such as CD 
spectroscopy, ThT and NIAD-4 fluorescence-monitored 
kinetic experiments, TEM, and WAXS. For the pure 
amyloidogenic peptides B and C the data showed a 
nucleation-dependent growth of amyloid-like fibrils. The 
formation of amyloids was inhibited however when peptide 
A was present before incubation. Instead, α-helical 
oligomeric assemblies and long fibers were found for the 
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B/A and C/A mixtures, which indicated the formation of 
heteromeric coiled-coil structures.[4] Moreover, peptide A 
was able to disassemble the amyloids. We could show that 
amyloidogenic peptides can become engaged in a stable 
helical arrangement using complementary interactions with 
an ideal α-helical coiled coil model peptide. Our studies 
suggest that stabilizing the helical conformation and the 
formation of stable helical coassemblies is a promising 
approach for preventing amyloid formation.  
[1]K.Pagel, S. C. Wagner, K. Samedov, H.v. Berlepsch, C. 
Böttcher, B. Koksch, J. Am. Chem. Soc. 128 (2006)  
[2]K. Pagel, B. Koksch, Curr. Opin. Chem. Biol. 12 (2008)  
[3]K.Pagel, S. C. Wagner, R. R. Araghi, H. v. Berlepsch, C. 
Böttcher, B. Koksch, Chem. Eur. J. 14 (2008)  
[4]K. Pagel, T. Vagt, B. Koksch, Org. Biomol. Chem. 3 
(2005)  
 
P222. Abstract number: 95 
Synthesis and in vitro Characterization of New, Potent 
and Selective Oxytocin Receptor Agonists 
K Wisniewski, R Galyean, C Schteingart, H Tariga, G 
Croston, S Alagarsamy, PJM Riviere 
Ferring Research Institute, SAN DIEGO, United States of 
America 
Oxytocin (OT) exerts its numerous biological functions by 
interacting with oxytocin receptors (OTR) located in the 
periphery (uterine contractions, milk ejection) and in the 
CNS (social and maternal behavior). OT is widely used as 
a labor-inducing agent and, in a few markets, for lactation 
support in term mothers. Extensive research has been 
focused on identifying OTR antagonists suitable for 
treatment of premature labor, while efforts to design OTR 
agonists have been relatively sparse. Side effects 
associated with the intravenous or intranasal administration 
of OT are well described in the literature and are attributed 
to lack of selectivity versus related receptors such as the 
V2R, which may result in hyponatremia. Therefore, the 
identification of oxytocin agonists that selectively activate 
the OTR could be therapeutically useful and free of these 
dose-limiting side effects.  
The biological activity of the OT molecule has been shown 
to be very sensitive to changes in position 7. OT analogs 
with Gly7 or Sar7 have shown improved selectivity profile 
versus related vasopressin receptors [1] whereas other 
modifications in position 7 (Tic, D-Tic) resulted in 
compounds with different degrees of antagonistic activity 
[2].  
Here we report the synthesis and in vitro evaluation of a 
series of OT agonists with N-alkylglycine residues (-NR7-
CH2-CO-) in position 7 as a key modification. All 
compounds were prepared as desamino analogs 
containing either an unaltered disulfide bridge or its 
monocarba modification.  
The peptides were synthesized by standard SPPS 
methods using either the Fmoc or Boc strategy. The N-
alkylglycine residues in position 7 were introduced either 
by a two step procedure comprising the acylation of the 
resin-bound C-terminal dipeptide with bromoacetic acid 
followed by a treatment with an appropriate primary amine 
or by using Fmoc-N-alkylglycines prepared separately. The 
compounds were tested in in vitro functional assays for 
their agonistic potency and efficacy at the OT and the 
related receptors. The analogs where R7 was a straight 
alkyl or an arylalkyl group were found to be extremely 
potent OTR agonists and showed excellent selectivity 
versus the related receptors. One analog, carba-1-[4-
FBzlGly7]dOT, has been selected for clinical development 
as lactation support in both term and preterm mothers.  
[1] Grzonka, Z. et al. J. Med. Chem., 1983, 26, 555.  

[2] Fragiadaki, M. et al. Eur. J. Med. Chem. 2007, 42, 799. 
 
P223. Abstract number: 125 
INFLUENCE OF CONFORMATIONALLY 
CONSTRAINED AMINO ACIDS AT POSITION 4 OF 
UROTENSIN II-RELATED PEPTIDE (URP) ON ITS 
PHARMACOLOGICAL PROPERTIES 
D Chatenet, V Laflamme, THN Nguyen, M Létourneau, A 
Fournier 
INRS-Institut Armand Frappier, LAVAL, Canada 
The urotensinergic system, mostly involved in the 
pathogenesis and progression of hypertension and 
atherosclerosis, is composed of two ligands, namely, 
urotensin II (UII) and urotensin II-related peptide (URP) 
and one specific membrane-bound UT receptor, belonging 
to the 1A subclass of the GPCR family. Little attention has 
been paid to the Trp residue within the cyclic core of U-II 
and URP, apart from Ala-scan and D-scan approaches. 
However, NMR analysis of URP, together with Ala-scan 
results have demonstrated the importance of the triad Trp-
Lys-Tyr suggesting that the turn formed by this core is 
intimately associated with the biological activity of URP. 
NMR studies revealed that Trp, both in UII and URP, was 
participating in a structure, a β-turn in UII and an inversed 
γ-turn in URP, which might be a key element for biological 
activity. The present work aimed at clarifying the influence 
of structural constraints within the cyclic core of URP on its 
pharmacological profile. Thus, we have designed and 
synthesized new URP analogs where Trp4 was replaced 
with unnatural and constrained residues, in order to limit 
conformational freedom, thus forcing the peptide backbone 
and/or side chains to adopt specific orientations. Using 
different pharmacological models, we have assessed the 
impact of several modifications on binding affinity and 
calcium mobilization using UT-transfected cells as well as 
ex vivo assays such as the aortic ring contraction. 
Preliminary binding results demonstrated that turn-inducing 
residues (Tiq, Phg or Tpi) retained good binding affinity 
and biological activity whereas other modifications such as 
Deg, Tic or Sar led to analogs completely devoid of any 
binding affinity. Inversion of configuration of Tiq or Phg led 
to full agonists whereas replacement of Tpi by its D-
counterpart led to an almost completely inactive 
compound. Altogether, these data give us new insights 
regarding the biological conformation of URP and they will 
be used for the rational design of drug candidates, 
potentially useful for the treatment of cardiovascular 
disorders.  
All authors are also affiliated to the Laboratoire 
International Associé INSERM - INRS Samuel de 
Champlain 
 
P224. Abstract number: 132 
Amidine neighbouring-group effect on the stability of 
B9870, a highly potent anti-cancer bradykinin B1/B2 
antagonist peptide dimer 
L. Gera1, R Duke2, D Chan1, P Bunn, Jr.1, R Hodges1, J 
Blodgett3
1University of Colorado Denver, AURORA, United States of 
America 
2ApopLogic Pharmaceuticals, Inc., AURORA, United 
States of America 
3Consultant, INDIANAPOLIS, United States of America 
Bradykinin (BK) is a biologically active nonapeptide that 
plays an important role in many physiological processes, 
such as allergies, cardiovascular diseases, hypotension, 
septic shock, pain, chronic and acute inflammation, and 
cancer. BK has two receptor subtypes, B1 and B2. The first 
full-chain, highly enzyme-resistant bradykinin antagonist 
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which showed high affinity at both B1 and B2 receptors, 
B9430 (DArg-Arg-Pro-Hyp-Gly-Igl-Ser-DIgl-Oic-Arg, where 
Hyp is trans-4-hydroxyproline and Oic is octahydroindole-
2-carboxylic acid), was developed by Dr. Gera in the 
Stewart laboratory with the introduction of α-(2-
indanyl)glycine (Igl) (1). Since BK is an autocrine growth 
factor for many types of cancer, notably of lung and 
prostate, it was logical to try the potent BK antagonist 
B9430 as a growth inhibitor for cancer. Disappointingly, 
B9430 was ineffective, but the N-terminal suberimidyl-
crosslinked B9430, known as B9870 [Suim-(B9430)2, 
where Suim is suberimidyl; B201; CU201; NSC 710295; 
Breceptin] was found to be an extremely potent anti-cancer 
agent. B9870 was designed as a positively charged N-
terminal bis-amidine peptide dimer [2,3]. Due to the N-
terminal amidine structure, this peptide is pH sensitive and 
additionally shows unexpected structural changes with 
amidine neighbouring-group participation in physiological 
solutions. Interestingly, B10346 (CU301), which is the bis-
amide analog of B9870, is stable in the same physiological 
conditions. The synthesis of the peptides, mechanisms of 
the unexpected structural changes, and the anti-cancer 
activity of the peptide dimers will be discussed. The 
stability study of B9870 and B10346 was carried out using 
HPLC and mass spectrometry. An IND application to test 
B9870 in small cell lung cancer was recently approved by 
the FDA and therefore the clinical trial can now proceed.  
[1] Gera, L., Stewart, J.M. A new class of bradykinin 
antagonists containing indanylglycine. Immunopharmacol., 
33: 174-177, 1996.  
[2] Gera, L., Stewart, J.M., Whalley, E., Burkard, M., 
Zuzack, J.S. A new class of potent bradykinin antagonist 
dimers. Immunopharmacol., 33: 174-177, 1996.  
[3] Chan, D., Gera, L., Stewart, J., Helfrich, B., Verella-
Garcia, M., Johnson, G., Baron, A., Yang, J., Puck, T., 
Bunn, P. Bradykinin antagonist dimer, CU201, inhibits the 
growth of human lung cancer cell lines by a 'biased 
agonist' mechanism. Proc. Natl. Acad. Sci. USA, 99: 4608 - 
4613, 2002. 
 
P225. Abstract number: 151 
In vitro characterization of a novel designer peptide to 
treat systemic infections caused by Gram-negative 
human pathogens. 
D Hoffmann1, D Knappe1, A Hansen1, S Piantavigna2, A 
Mechler2, A Binas3, O Nolte3, L Martin2, R Hoffmann1

1Universität Leipzig, LEIPZIG, Germany 
2Monash University, CLAYTON, Australia 
3AiCuris GmbH & Co KG, WUPPERTAL, Germany 
The incidence of serious bacterial and fungal infections is 
increasing despite remarkable advances in antibiotic 
therapy. At a time of the rapid emergence of drug-resistant 
bacterial strains, there is an urgent need to develop new 
antimicrobial compounds with novel modes of action. 
Antimicrobial peptides (AMPs) of the innate immune 
system appear very promising. Starting from the 2 kDa 
Oncopeltus antibacterial peptide 4, which was originally 
isolated from milkweed bug (Oncopeltus fasciatus), we 
optimized the antibacterial activities against Gram-negative 
pathogens. The current focus is on three species of 
Enterobacteriaceae (Escherichia coli, Klebsiella 
pneumoniae and Enterobacter cloacae) and two non-
fermenting species (Acinetobacter baumannii and 
Pseudomonas aeruginosa). These are clinically relevant 
species, causing serious health care problems due to the 
acquisition of multiple resistance traits. The optimized 
peptide leads (called oncocin) showed minimal inhibitory 
concentrations (MIC) between 0.25 and 4 g/mL against a 
panel of 32 different strains and clinical isolates. The 

serum protease resistance was increased up to a half-life 
of eight hours by mutating two residues to stabilize the 
major cleavage sites. The tested peptide derivatives 
showed neither toxic effects on mammalian cell lines 
(HeLa, HepG2, HEK 193, and SH-SY5Y cells) nor 
hemolytic effects on human erythrocytes within the tested 
peptide concentration range of up to 600 g/mL. Confocal 
fluorescence microscopy indicated that the peptide 
derivatives entered the periplasmic space of E. coli at room 
temperature within 20 min before becoming equally 
distributed throughout the bacterial cell 30 min later. QCM 
studies (quartz crystal microbalance) indicated that the 
peptides can freely penetrate a model lipid membrane 
consisting of DMPC and DMPG (ratio 4:1) without any sign 
of lytic activity (i.e. loss of lipids) over the peptide 
concentration range of 1 to 15 mol/L. In conclusion, the 
optimized oncocin derivative represents a very promising 
candidate for subsequent in vivo models and may serve as 
a novel lead compound for an antibacterial drug class 
against multiresistant Gram-negative pathogens. 
 
P226. Abstract number: 160 
Synthesis and biological evaluation of cytotoxic 
peptide conjugates containing 5-fluorouracil 
S.V. Burov, T Yablokova, M Leko, M Dorosh, A Alenko 
Institute of Macromolecular Compounds RAS, ST-
PETERSBURG, Russia 
The efficiency of conventional cancer chemotherapy is 
limited by the lack of drug selectivity and significant toxicity 
to normal cells. Conjugation of cytotoxic drugs to receptor-
binding peptides is one of the promising approaches for 
their targeted delivery to cancer cells. 5-fluorouracil (5-FU) 
is widely applied for the treatment of solid tumors, such as 
breast, colorectal, and gastric cancers. However, apart 
from well-known side effects, 5-FU undergoes rapid 
clearance in blood plasma.  
In the present study we describe the synthesis of 5-FU 
conjugates with peptide carriers and their antitumor 
activity. Considering poor stability of carbamoyl derivatives 
during peptide synthesis, 1-carboxymethyl-5-FU p-
nitrophenyl ester was used as the reagent of choice for the 
attachment of cytotoxic agent to carrier molecule. The 
practical utility of suggested approach was investigated 
using GnRH analogs for the targeted delivery of cytotoxic 
agent to cancer cells and RGD peptides as model 
compounds for optimization of reaction conditions.  
A set of cytotoxic peptide conjugates containing 5-FU was 
synthesized using both classical and solid phase 
technique. Preliminary HPLC experiments shown that 5-FU 
containing peptides in contrast to parent carrier molecules 
are stable to enzymatic degradation in human blood 
plasma during 24 hr. The biological studies both in vitro 
and in vivo revealed that attachment of 5-FU moiety can 
significantly increase efficiency of antitumor action. These 
results are in good agreement with literature data regarding 
cytotoxic properties of 1-carboxymethyl-5-FU and its 
derivatives.  
As an alternative approach to 5-FU containing peptides 
synthesis we consider an application of 1-carboxymethyl-5-
FU hydrazide, easily converted to the corresponding acid-
labile hydrazone. An optimization of reaction 
conditions was performed using model RGDF peptides, 
modified by the attachment of N-terminal levulinic or 
pyruvic acid. Keto-peptides were synthesized by SPPS 
using both BOC/Bzl and Fmoc/But strategy with some 
precautions at the stage of final cleavage and deprotection 
to avoid side products formation. Further experiments with 
1-carboxymethyl-5-FU hydrazide revealed that in tested 
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reaction conditions only pyruvil peptides were prone to 
hydrazones formation in contrast to levuloyl ones.  
Thus, suggested approach can be applied for the synthesis 
of cytotoxic peptide conjugates containing 5-FU moiety 
attached via stable or acid-labile linker group. 
 
P227. Abstract number: 161 
IMMUNOPEPdb: a novel immunomodulatory peptides 
database 
S Osmar Birth1, WF Porto2, D Garcês Gomes2, SC Dias2, 
OL Franco2

1Universidade Federal de Juiz de Fora, JUIZ DE FORA, 
Brazil 
2Universidade Católica de Brasília, BRASÍLIA, Brazil 
 
Immunomodulatory peptides are known for two common 
main effects: immunostimulants or immunosuppressant. 
The understanding the mechanisms of action of these 
peptides, their properties and further adaptation for clinical 
use are a real challenge, once that literature in this specific 
field is recent and widely scarce. In order to support and 
improve the knowledge of immunomodulatory peptides a 
new and original IMMUNOPEPdb immunomodulatory 
peptide database was developed. To ensure the accuracy 
of the data deposits, all sequences were carefully analyzed 
such as the correct function assigned in databank, the 
presence of signal peptide in a Signal Peptide Database 
(SPdb) and also redundancy degree. IMMUNOPEPdb was 
developed with PHP (Hypertext Preprocessor) and 
relational database management system (RDBMS), 
MySQL, based on SQL (Structured Query Language). 
Database is monthly update by a semi-automatic 
procedure. At date, host information detailed of 291 entries 
in which, the most representative are: 45% are from 
mammalian, 20% from insects, 9% from amphibians and 
7.5% from fungi. Information about peptides may be 
obtained by using keywords such as peptide name and 
molecular weight or by submission of a sequence 
previously determined as an immunomodulatory peptide in 
common databanks. Due to the capability of these 
peptides in modulating innate immunity, IMMUNOPEPdb 
can be a powerful tool to development of a new therapeutic 
strategy combating infectious diseases and autoimmune 
disorders. 
 
P228. Abstract number: 171 
Peptide inhibitors for human trypsins 
H Koistinen1, P Wu1, J Weisell2, M Pakkala2, M Peräkylä2, 
L Zhu1, R Koistinen1, E Koivunen3, UH Stenman1, A 
Närvänen2

1University of Helsinki, Department of Clinical Chemistry, 
UNIVERSITY OF HELSINKI, Finland 
2University of Eastern Finland, Department of Biosciences, 
KUOPIO, Finland 
3University of Texas M.D. Anderson Cancer Center, 
HOUSTON, United States of America 
Trypsin has a major function in food digestion, but its 
different isoforms may also have a role in cancer and other 
pathological states, and, thus, could be useful drug targets. 
Although all human trypsin-isoenzymes share extensive 
sequence similarity, their activity and susceptibility to 
inhibitors are not identical, especially trypsin-3 
(mesotrypsin) differing from others. Using phage display 
technology, we identified seven peptides that bind to and 
inhibit the activity of trypsin-3 (Biol Chem 2010, 391, 283-
93), which is a minor trypsin-isoform in pancreas, but the 
major one in brain. All of the peptides contained at least 
two of the amino acids tryptophan, alanine and arginine, 
and in all but one peptide proline was found close to N-

terminus. All peptides, irrespective whether they were from 
cysteine engineered library or not, contained two or more 
cysteines, suggesting that they are cyclic. However, 
synthetic linear variants of these peptides were also 
bioactive. By alanine replacements we found that 
IPXXWFR motif is important for the activity. By molecular 
modeling the same amino acids were found to interact with 
trypsin-3. The peptides also inhibited trypsin-1, but only 
weakly, if at all, trypsin-2 and -C. Interestingly, we were 
able to modify one of peptides so that it inhibited trypsin-1, 
but not trypsin-3, and weakly, if at all, other isoforms. As 
trypsins effectively activate protease activated receptors 
and enzymes that are involved in tumor invasion and 
metastasis, these peptides might be useful lead molecules 
for development of drugs for diseases associated with 
increased trypsin activity. 
 
P229. Abstract number: 175 
Controlled self-assembly of perfluoro-insulin 
analogues: synthesis and biophysical evaluation 
L Malik1, J Nygaard1, R Hoiberg-Nielsen1, L Arleth1, T 
Hoeg-Jensen2, K J. Jensen1

1University of Copenhagen, FREDERIKSBERG C, 
Denmark 
2Novo Nordisk, BAGSVAERD, Denmark 
Here we report the synthesis and biophysical evaluation of 
a series of insulin variants with perfluoroalkyl substituents. 
Perfluorinated alkyl chains of varying length were attached 
to desB30 human insulin by acylation of the ε-amino 
position of the side chain of LysB29. This surface exposed 
substituent enables intermoleular fluorous interactions 
leading to self-assembly, as a new and orthogonal 
approach to direct the self-assembly of proteins. The self-
assembly was studied using small angle X-ray scattering 
(SAXS), dynamic light scattering (DLS) and size exclusion 
chromatography (SEC). First, we studied the self-assembly 
at different pH values without using traditional insulin 
formulation methods based on phenol and zinc(II). The 
samples were analyzed by DLS and SAXS, which showed 
the formation of very large aggregates. The proportion of 
the aggregation decreased at higher pH values. Next, the 
effect of formulation of the fluorinated insulin variants with 
zinc(II) in a 6:2 ratio in the presence of phenol at neutral 
was studied. Inducing the R6 form of insulin afforded a 
much more controlled self-assembly visualized both by 
DLS and SAXS. This afforded lower masses characterized 
by SEC and the radius of gyration observed by SAXS was 
much lower compared to the very large aggregates formed 
in the absence of phenol. Here, the short fluorinated chains 
exclusively gave hexamer formation and the longer chains 
induced the formation of larger assemblies. This implies 
that hexamer to hexamer interactions utilizing the fluorous 
subcore interaction leads to a more cooperative self-
assembly of insulin. Our findings suggest that the rational 
design using fluorous interactions to form high molecular 
complexes of insulin could potentially lead to more long 
acting insulin variants. This concept could be applicable to 
other peptides or proteins. 
 
P230. Abstract number: 177 
Synthesis of Ghrelin Receptor Inverse Agonists 
SE Els, C Chollet, AG Beck-Sickinger 
Leipzig University, Institute of Biochemistry, LEIPZIG, 
Germany 
The ghrelin receptor is a GPCR mainly distributed in the 
brain, but also in peripheral tissues like stomach. It shows 
a unique constitutive activity representing 50 % of its 
maximal activity. The signaling of the receptor controlled by 
its endogenous ligand ghrelin considerably contributes to 
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the regulation of appetite, food intake and energy 
homeostasis [1]. Thus, reducing the constitutive activity 
can be an approach to decrease body weight and to 
develop an anti-obesity drug.  
Inverse agonists are able to reduce basal signaling of a 
receptor. Holst et. al showed that variants of substance P 
provide inverse agonistic activity at the ghrelin receptor. 
Structure activity relationship studies led to the 
hexapeptide KwFwLL-NH2 that significantly reduces the 
constitutive activity [2]. Therefore, we synthesized 
analogues of this peptide by using solid phase peptide 
synthesis with Fmoc/tBu-strategy. The activity at the 
ghrelin receptor was tested by an inositol trisphosphate 
turnover assay. Some peptides presented inverse 
agonistic activity with EC50 values in the nanomolar range.  
Furthermore, modified analogues containing PEG were 
synthesized. Pegylation should increase bioavailability and 
biodistribution [3]. PEG2 was introduced at the N-terminus 
of the peptide either directly or separated by a lysine or a 
lysine-β-alanine spacer. Interestingly, both, the spacer as 
well as the pegylation influenced efficacy.  
[1] Kojima, M., Kangawa, K., Physol. Rev., 2005, 85, 495-
522  
[2] Holst, B., Mokrosinski J., Lang, J.M., Brandt, E., 
Nygaard, R., Frimurer, T.M., Beck-Sickinger, A.G., 
Schwartz, T.H., J. Biol. Chem., 2007, 282, 15799-15811  
[3] Harris, J.M., Chess, R.B., Nat. Rev. Drug Discov., 2003, 
2, 214-221 
 
P231. Abstract number: 178 
Synthesis of peptide vaccines against Influenza A 
viruses 
MR Richter1, D Singer1, A Wolf2, J Erikson2, L Otvos3, R 
Hoffmann1

1Institute of Bioanalytical Chemistry, BBZ, Leipzig 
University, LEIPZIG, Germany 
2The Wistar Institute, PHILADELPHIA, United States of 
America 
3Temple University, Department of Biology, 
PHILADELPHIA, United States of America 
Influenza A viruses are causing annual flu epidemics and 
even threatening worldwide pandemics like the so called 
swine flu. Due to the high mutation rate, viruses are able to 
overcome species barriers with the risk of high mortality 
owing to the insertion of antigenically novel viruses into an 
immunologically naïve human population [Hay].  
Commercially available vaccines are based on the two 
surface proteins haemagglutinin and neuraminidase. Since 
these proteins are very sensitive to mutations an annual 
vaccination is necessary. To overcome these drawbacks a 
universal vaccine effective against most influenza A strains 
would be needed.  
Such an interesting candidate is M2, the third ion channel 
protein M2 of the influenza A virus. Since 1933, when the 
first influenza virus was isolated, the N-terminal 
extracellular domain of the protein (M2e) was highly 
conserved, therefore representing a potential universal 
influenza A epitope. Unfortunately M2 lacks natural 
immunogenicity in humans. For the development of a 
universal influenza A vaccine, three branched peptide 
constructs containing four copies of M2e as B cell epitope 
and two different species specific T cell epitopes for 
induction and modulation of immune response were 
synthesized.  
The synthesis of the peptide vaccines backbone including 
both T cell epitopes was done sequentially using 
selectively cleavable protecting groups. The M2e 
sequence was coupled at the end either by sequential 
synthesis or by oxime ligation. Both synthesis strategies 

yielded the correct vaccine structure. The highest peptide 
purity was achieved by ligation of M2e as peptide 
aldehyde.  
Vaccination with the constructs induced higher anti-M2e 
serum Ab titers against either the M2e peptide or native 
M2e. The best T helper cell epitope combination was that 
containing fragments from the Plasmodium falciparum CS 
protein and the hepatitis B virus antigen. The serum of 
vaccinated mice was cross reactive against the influenza 
virus subtype A/FM (H1N1). The new peptide vaccine 
regimen showed significant protection with remarkably 
reduced viral titers in lungs of mice after challenge with 
influenza A strains X31 (H3N2), PR/8 (H1N1) and two 
mutant viruses, termed P10H and P10L. These results 
confirm the potential ”universal”influenza vaccine with M2e 
as a target and peptide-based subunit vaccines to reach 
that goal.  
 
P232. Abstract number: 188 
Delta-Sleep Inducing Peptide (DSIP) and Its 
Analogues: Studies On Their Therapeutic Potency  
I.I. Mikhaleva1, I Prudchenko1, E Efremov1, L Onoprienko1, 
L Chikin1, R Yakubovskaya2, E Nemtsova2

1Shemyakin-Ovchinnikov institute of Bioorganic Chemistry 
RAS, MOSCOW, Russia 
2Gertsen Scientific Research Cancer Institute, Russian 
Ministry of Public Health, MOSCOW, Russia 
One of the therapeutic anti-tumor strategies has relied on 
cytostatics application. This approach often leads to a 
number of side effects owing to the high toxicity and lack of 
specificity. So the search for additive agents capable to 
mitigate the severity of the cytostatics treatment remains to 
be an urgent task for cancer therapy.  
Previous examination of protective properties of DSIP and 
series of its analogues already gave first promising result. 
DSIP was found to increase the anti-tumor resistance of 
animals after inoculation of leukemia cells under stress and 
inhibit dissemination of Lewis carcinoma after its surgical 
removal. DSIP and several analogues were shown to 
enhance the efficacy of cytostatics application in model 
experiments on mice with the Lewis carcinoma. The DSIP 
ability to limit the spontaneous carcinogenesis and 
mutagenesis was also revealed. The previous studies have 
found some DSIP related compounds that might be useful 
for medical purposes, in particular, for possible inhibition of 
metastasis, decrease of cytostatics toxicity and limitation of 
metabolic disturbances.  
In this connection, we continued the studies of DSIP family 
peptides to select the most effective derivatives. The novel 
set of analogues was synthesized, and their antioxidative, 
detoxifying properties and influence on a growth of 
experimental tumors were studied. Among tested 
compounds we have found the peptides with direct 
antioxidant action and ability to considerably inhibit the 
mortality of mice under cisplatin application in semi lethal 
dose. The most active analogues also favored a decrease 
in toxic action on liver and kidney under cytostatics 
application. Combine treatment of the tumor-bearing 
animals with the cytostatics and DSIP or its active 
analogues did not result in both an elimination and 
increase in the therapeutic effect of the cytostatics [1].  
Thus, our studies demonstrated the expedience of the 
further investigation of the detoxifying effect of these 
regulatory peptides and rational way for its putative 
medical application.  
[1] I.I. Mikhaleva et al. Bioorganic Chemistry (Russian), 
2010, in press.  
This study is supported by the Moscow government.  
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P233. Abstract number: 189 
Total Synthesis of Azide Functionalized Cryptophycins 
C Weiss, M Nahrwold, N Sewald 
Bielefeld University, BIELEFELD, Germany 
Cryptophycins are a family of 16-membered cyclic 
depsipeptides produced as secondary metabolites by 
cyanobacteria.[1] The first representative, cryptophycin-1, 
was isolated in 1990 by Schwartz.[1] The retrosynthetic 
analysis of cryptophycin-1 leads to the four units A-D, from 
which unit A with four stereogenic centers and the epoxide 
is the most challenging part. Cryptophycin-1 and some 
artificial analoges proved to be extremely cytotoxic and 
cytostatic in biological screening studies.[2] The bioactivity 
of cryptophycins is based on their ability to interact with 
tubulin. They show considerable cytotoxicity both against 
multidrug-resistant tumor cell lines and solid tumors. 
Cryptophycin-1 and cryptophycin-52 display an antitumor 
activity with 100- to 1000-fold increased potency compared 
to the chemotherapeutics paclitaxel and vinblastine. As a 
consequence, cryptophycin derivatives are potential 
antitumor drugs. Cryptophycin-52 entered phase II clinical 
trials but failed because of its high neurotoxicity.[3]  
We focus on the synthesis of modified cryptophycins for 
structure activity relationship (SAR) studies and 
biochemical application to circumvent this problem. 
Recently, we developed a short and efficient synthesis of a 
cryptophycin unit C building block containing a side chain 
azide function. The cytotoxic activity of these functionalized 
cryptophycins was determined in a resazurin assay.  
[1] S. Eißler, A. Stoncius, M. Nahrwold, N. Sewald, 
Synthesis 2006, 22, 3747-3789. [2] R. E. Schwartz, C. F. 
Hirsch, D. F. Sesin, J. E. Flor, M. Chartrain, R. E. 
Fromtling, G. H. Harris, M. J. Salvatore, J. M. Liesch, K. 
Yudin, J. Ind. Microbiol. 1990, 5, 113-124. [3] G. 
D’Agostino, J. D. Campo, B. Mellado, M. A. Izquierdo, T. 
Minarik, L. Cirri, L. Marini, J. L. Perez-Gracia, G. Scambia, 
Int. J. Gynecol. Cancer 2006, 16, 71-76.  
 
P234. Abstract number: 193 
Dual Acting mu-/delta-Opioid Antagonist, H-Dmt-Tic-
Lys-NH-CH2-Ph, Ameliorates Obesity-Related Factors 
H Lazarus1, G Balboni2, S Salvadori3, ED Marczak1

1National Institute of Environmental Health Sciences, 
RESEARCH TRIANGLE PARK, United States of America 
2University of Cagliari, CAGLIARI, Italy 
3University of Ferrara, FERRARA, Italy 
Opioid antagonists represent an important family of 
synthetic drugs affecting neural reward mechanisms 
intimately associated in regulating homeostatic 
mechanisms including craving, addiction and compulsive 
behavior such as obesity. Amelioration of obesity by opioid 
antagonists is a relevant approach since agonists enhance 
consumption of excess high caloric foods. Since 
stimulation of the µ-opioid receptor results in addictive 
behaviors, µ-antagonists should play a central role in 
diminishing its activity.  
Toward this goal, we prepared a unique dual acting µ-/δ-
antagonist MZ-2 (H-Dmt-Tic-Lys-NH-CH2-Ph) by stepwise 
solution synthetic methods (Balboni et al., J. Med. Chem., 
2006, 49, 5610-5617) due to the presence of heterodimeric 
µ/δ-opioid receptors. MZ-2 also inhibited the development 
of morphine tolerance (Jinsmaa et al., Pharmacol. 
Biochem. Behav., 2008, 90, 651-657) and was applied at 
3-10 mg/kg to suppress the reward pathway in two mouse 
models: ob/ob mice (daily oral administration) and diet-
induced obesity (continuous mini-pump administration). 
Both groups had free access to food and water, and 
exercise wheels or kept sedentary for 3-12 weeks. Data 
were compared to controls: saline-treated obese mice and 

lean mice with and without the drug housed under identical 
conditions. Numerous parameters were measured: body 
weight (BW), tissue composition, glucose tolerance, blood 
chemistry, bone mineral density (BMD), and action on 
human osteoblast cells (Marczak et al., Eur. J. Pharmacol., 
2009, 616, 115-121).  
MZ-2 treated obese animals had reduced BW gain, body 
fat, insulin and glucose levels, improved glucose tolerance, 
enhanced HDL:LDL ratio and BMD, stimulated voluntary 
running on wheels in both lean and obese animals. In cell 
culture, MZ-2 enhanced mineral nodule formation (> 30%) 
comparable to naltrexone, but decreased with morphine.  
Conclusion: MZ-2 portends a potential application in the 
clinical management of factors leading to obesity and the 
amelioration of osteoporosis.  
Funded in part by the Universities of Cagliari and Ferrara, 
and in part by the Intramural Research Program of the NIH 
and NIEHS. 
 
P235. Abstract number: 203 
Molecular Modeling of the Interactions between -
Conotoxin SmIIIA and the Pore of Voltage-Gated 
Sodium Channel Subtypes Nav1.2 and Nav1.4 
P. G. Gruszczynski1, D Yoshikami2, R Kazmierkiewicz1, B 
Olivera2, G Bulaj2, T Cheatham2

1University of Gdansk, GDANSK, Poland 
2University of Utah, SALT LAKE CITY, United States of 
America 
µ-Conotoxin SmIIIA is the only known peptide toxin that 
binds nearly irreversibly to two subtypes of voltage-gated 
sodium channels, Nav1.2 and Nav1.4; this unique 
bioactivity presented an opportunity to analyze molecular 
interactions between µ-conotoxins and both isoforms of 
sodium channels. A homology model of a pore of Nav1.2 
was build based on sequence similarities to four domains 
of Nav1.4. The NMR-based model of SmIIIA was subjected 
to molecular dynamics simulations that resulted in 
minimized and equilibrated structures after 120 ns runs. 
These µ-conotoxins models were subsequently used for 
docking experiments with the pore models of Nav1.2 and 
Nav1.4. As a control experiment, we also carried out the 
identical procedures for modeling of molecular interactions 
between GIIIA and Nav1.4 ion channel that are 
characterized by a reversible block with a nanomolar 
potency. Our results showed multiple binding modes of µ-
conotoxin SmIIIA docked into Nav1.2 and Nav1.4; the key 
residues responsible for ionic bonds in both, the conotoxin 
and the sodium channel models were defined. Strikingly, 
from the three highest populated clusters of residues 
showing the strongest ionic interactions, SmIIIA shared 
one common mode of the interactions between both 
subtypes of sodium channels. GIIIA also exhibited a variety 
of orientations within the pore of Nav1,4, but one of three 
highest populated modes of the interactions matched that 
of the well-established model, previously verified by a 
double-mutant cycle analysis. The selected residues of 
SmIIIA and GIIIA involved in occupying the sodium 
channel filter (DEKA-motif) are proposed to be mutated to 
verify the modeling results. Our work suggests that the 
emerging molecular diversity of µ-conotoxins may be 
mirrored by multiple modes of their interactions with the 
pore of the sodium channel subtypes. 
 
P236. Abstract number: 210 
Bradykinin Analogues Acylated On Their N-Terminus 
A.P. Prahl1, M Sleszynska1, D Sobolewski1, A 
Kwiatkowska1, TH Wierzba2, J Slaninovà3, B Lammek1

1University of Gdansk, Faculty of Chemistry, GDANSK, 
Poland 
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2Medical Uniwersity of Gdansk, Department of Physiology, 
GDANSK, Poland 
3Academy of Sciences of the Czech Republic, Institute of 
Org. Chem. and Bioch., PRAGUE, Czech Republic 
Two receptors, B1 and B2, mediate biological activities of 
BK. These receptors belong to a G-protein-coupled family 
and their activation stimulates smooth muscle cells, 
sensory nerve endings, causes vasodilation and 
microvascular leakage and modulates the response of 
immunocompetent cells. There is also considerable 
evidence that BK contributes to the inflammatory 
responses. Moreover, after injection to the skin, BK 
produces all of the basic signs of inflammation. Due to its 
ability to lower blood pressure, BK has been implicated in 
the pathogenesis of several shock syndromes. The 
classical B2 receptors are of high affinity and they seem to 
require the full bradykinin sequence for effective activation. 
Accumulated evidence indicates that most of the clinically 
relevant effects of bradykinin are functions of B2 receptors 
this being the reason why research on their antagonists is 
a topic of great interest.  
Our previous studies suggested that acylation of the N-
terminus of several known B2 antagonists with various 
kinds of bulky acyl groups consistently improved their 
antagonistic potency in rat blood pressure assay. On the 
other hand, our earlier observations also seemed to 
suggest that the effects of acylation on the contractility of 
isolated rat uterus depended substantially on the chemical 
character of the acyl group, as we observed that this 
modification might either change the range of antagonism 
or even transform it into agonism.  
In some recent work we placed two of the previously used 
groups (9-acridinecarboxylic acid and 9-
anthracenecarboxylic acid) in the N-terminus of the BK 
molecule. Proposed modification transformed activity of 
analogues from agonistic to weak antagonistic in the rat 
blood pressure test and depressed its agonistic activity in 
the interaction with rat uterine receptors. It should be 
pointed out that there were first reported B2 blockers 
without any changes in main peptide chain.  
In the present study we continue our previous 
investigations to find structural requirements which in the 
case of BK analogues result in high B2 antagonistic activity. 
Several new BK analogues acylated on their N-terminus 
were synthesized using SPPS method. The potencies of 
the analogues were assessed by their ability to inhibit 
vasodepressor response of exogenous BK in conscious 
rats and by their ability to inhibit the contractions of isolated 
rat uterus evoked by BK.  
This work was supported by the University of Gda'sk 
(DS/8453-4-0169-9). 
 
P237. Abstract number: 213 
Synthesis and Biological Activity of Quercetin 
Derivatives of Endogenous Opiod Peptides Leu- and 
Met-enkephalin  
A J Jakas, N Bjelis, I Piantanida, M Kralj 
Rudjer Boskovic Institute, ZAGREB, Croatia 
Quercetin, 3,3',4',5,7-pentahydroxyflavon is well-known 
flavonoid distributed ubiquitously as a glycoside in fruits, 
vegetables and herbs (apples, onions, Ginkgo biloba) and 
related products, specially in red wine [1]. In plants, 
flavonoids are involved in energy production and exhibit 
strong anti-oxidant properties, possibly protecting plants 
against harmful ultraviolet rays. Quercetin has become a 
subject of many investigations because of strong anti-
cancer, anti-inflammatory, anti-oxidative and other 
therapeutic activities of significant potency such as 

cardioprotective, bacteriostatic and nevertheless its 
systemic toxicity is quite low.  
In this paper quercetin derivatives of endogenous opioid 
peptides Leu- and Met-enkephalin (H-Tyr-Gly-Gly-Phe-
Leu/Met-OH) were prepared starting from differently 
protected N-terminal amino group (Boc- or Z- protection). 
Different protecting groups were used to exchange the 
position and number of bounded peptide. Modifications 
were performed in intention to increase biological activity of 
quercetine as well as enkephalins which also examine 
antitumor activity. Antitumor evaluation and interactions 
with ct-DNA of prepared compounds were investigated.  
[1] Harwood, M., Danielewska-Niekel, B., Borzelleca, J.F., 
Flamm, G.W., Williams, G.M., Lines, T.C., Food Chem. 
Toxicol. 45 (2007) 2179. 
 
P238. Abstract number: 227 
Cryptophycins - Synthesis of potent functionalised 
new antitumor agents 
B. S. Sammet, N Sewald 
University Bielefeld, BIELEFELD, Germany 
Cryptophycins are a class of 16-membered highly cytotoxic 
macrocyclic depsipeptides isolated for the first time in 1990 
from cyanobacteria.[1] The biological activity is based on 
their ability to interact with tubulin. Strong antiproliferative 
activities with 100- to 1000-fold increased potency 
compared to paclitaxel and vinblastine have been 
observed. Cryptophycins are also remarkably cytotoxic 
against several multidrug-resistant tumor cell lines and 
solid tumors.[2] Cryptophycin-52 was subjected to phase II 
clinical trials, but failed due to its high neurotoxicity.[3] 
Next-generation members of this compound class are 
currently under investigation in industry and academia.  
We started to investigate this field of research to 
considerably simplify the synthesis of these promising 
molecules, taking specific emphasis on the synthetically 
most challenging unit A of the molecular backbone.[4] In 
addition, new interesting functionalities have been 
introduced in different positions giving rise to further 
possible attachment points for conjugation. A resazurin 
assay with the KB-3-1 and KB-V1 tumor cell lines was 
established as a cytotoxicity assay for SAR-studies.[5] All 
these research efforts have led to significant insight in 
cryptophycin chemistry and triggered our current interest in 
innovative cryptophycin bioconjugates.[6]  
[1] R. E. Schwartz, C. F. Hirsch, D. F. Sesin, J. E. Flor, M. 
Chartrain, R. E. Fromtling, G. H. Harris, M. J. Salvatore, J. 
M. Liesch, K. Yudin, J. Ind. Microbiol. 1990, 5, 113-124.  
[2] S. Eißler, A. Stoncius, M. Nahrwold, N. Sewald, 
Synthesis 2006, 22, 3747-3789.  
[3] G. D’Agostino, J. D. Campo, B. Mellado, M. A. 
Izquierdo, T. Minarik, L. Cirri, L. Marini, J. L. Perez-Gracia, 
G. Scambia, Int. J. Gynecol. Cancer 2006, 16, 71-76.  
[4] S. Eißler, M. Nahrwold, B. Neumann, H.-G. Stammler, 
N. Sewald, Org. Lett., 2007, 9, 817-819; S. Eißler, A. 
Stoncius, H.-G. Stammler, B. Neumann, N. Sewald, Synlett 
2008, 2, 273-277; B. Sammet, H. Radzey, B. Neumann, 
H.-G. Stammler, N. Sewald, Synlett 2009, 3, 417-420. [5] 
S. Eißler, T. Bogner, M. Nahrwold, N. Sewald, Chem. Eur. 
J. 2009, 15, 11273-11287. [6] B. Sammet, Synlett 2009, 
18, 3050-3051.  
 
P239. Abstract number: 233 
Efficient Synthesis of Fertirelin Acetate as a 
reproductive Control Drug: A GnRH Hormone 
Analogue 
S Balalaie, V Dianati, A Arabanian 
Peptide Chemistry Research Center, TEHRAN, Iran 
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Fertirelin acetate is a Luteinizing Hormone-Releasing 
Hormone (LHRH) agonist intended for the treatment of 
ovarian follicular cysts in mammals and for the 
improvement of conception rates in this species. It induces 
ovulation in mammals and it is used as a drug for cows.  
In this research, the synthesis of fertirelin acetate was 
done according to solid-phase peptide synthesis using 2-
chlorotrityl chloride resin and using Fmoc-protected amino 
acids in the presence of TBTU as coupling reagent. 
Cleavage of the synthesized peptides and the final 
deprotection were done according to the standard 
methods. Final N-ethylamidation was done using reaction 
of synthetic nona-peptide containing free carboxylic acid 
with ethyl ammonium chloride using TBTU as coupling 
reagent.  
This methodology was expanded for the synthesis of N-
alkylated C-terminal peptides. The structure of product was 
confirmed according to the MALDI-mass data.  
 
P240. Abstract number: 238 
Synthesis, characterization and activity of Antamanide 
and its analogues as inhibitors of the mitochondrial 
permeability transition pore 
A. Calderan1, N Antolini2, L Azzolin3, P Bernardi3, A 
Rasola3, S Mammi2, P Ruzza1

1CNR Institute of Biomolecular Chemistry - Padova Unit, 
PADOVA, Italy 
2Department of Chemical Sciences - University of Padova, 
PADOVA, Italy 
3Department of Experimental Biomedical Sciences - 
University of Padova, PADOVA, Italy 
Antamanide, a cyclic decapeptide derived from the 
mushroom Amanita phalloides, is known for its antitoxic 
activity against phallotoxins and amatoxins contained in the 
fungus itself. The mechanism of this action is still unclear. 
In the present study, we show that this peptide also 
desensitizes the opening of the mitochondrial permeability 
transition pore (MPTP), a central effector in the induction of 
necrotic and apoptotic cell death.  
We show that Antamanide inhibits Cyclophilin D (CypD), a 
protein implicated in the regulation of MPTP, and that its 
activity is not additive to that of Cyclosporin A (CsA), a well 
known CypD inhibitor. Like CsA, Antamanide requires the 
presence of phosphate and is not effective on CypD 
knockout mitochondria and cells.  
Our studies on Antamanide analogues show that two 
amino acid residues (Phe6 and Phe9) are crucial for the 
preservation of activity toward CypD. Indeed, analogues in 
which these two Phe residues are replaced by Gly or Tyr 
did not show any regulation of MPTP. We also 
demonstrate how the inhibition of toxic effects of phalloidin 
occurs with a MPTP-independent mechanism. Therefore, 
our studies identify Antamanide as a CypD ligand and a 
new MPTP inhibitor.  
Inhibition of CypD, preventing the opening of MPTP and, 
therefore, apoptosis may play an important 
pharmacological function, for example in 
neurodegenerative diseases. The recent discovery that 
lack of CypD improves learning and memory in animal 
models of Alzheimer's disease supports this hypothesis.  
 
P241. Abstract number: 239 
'Clicktophycin-52': A Bioactive Cryptophycin-52 
Triazole Analogue 
T.B. Bogner, M Nahrwold, N Sewald 
Bielefeld University, BIELEFELD, Germany 
The cryptophycins are a family of macrocyclic 
depsipeptides. They are produced as secondary 
metabolites by cyanobacteria of the genus Nostoc [1]. The 

cryptophycins bind to tubulin which results in disturbance 
of microtubule dynamics. Hence, they display a very high 
level of cytotoxicity even against multi drug-resistant tumor 
cell lines. Cryptophycin-52 was investigated as a cytostatic 
drug in clinical phase II studies [2]. However, it failed 
because of dose-limiting neurotoxicity. Cryptophycins 
consist of two hydroxy acids and two amino acids (unit A-
D), which are connected by two ester and two amide 
bonds. Ester and amide bonds can be cleaved by 
enzymes, which lowers the in vivo stability and activity. It is 
known that the physicochemical properties of triazoles are 
similar to the properties of trans-amides [3]. Former studies 
showed a cis-amide bond between unit AB and a trans-
amide bond between unit BC [4]. We synthesized a 
cryptophycin with a triazole replacing the trans-amide bond 
which connects unit B and C [4].  
The cytotoxicity of the ”clicktophycin-52”and cryptophycin-
52 was compared in cell-based cytotoxicity assays [6] 
using both the non-multidrug-resistant cell line KB-3-1 and 
the multidrug-resistant cell line KB-V1 expressing P-
glycoprotein (P-gp) [7]. P-gp is an important 
transmembrane transporter which excretes a variety of 
drugs leading to multi-drug resistance.  
[1] S. Eißler, A. Stoncius, M. Nahrwold, N. Sewald 
Synthesis 2006, 22, 3747-3788.x  
[2] G. D'Agostino, J. del Campo, B. Mellado, M.A. 
Izquierdo, T. Minarik, L. Cirri, L. Marini, J.L. Perez-Gracia, 
G. Scambia Int. J. Gynecol. Cancer 2006, 16, 71-76.  
[3] Y. L. Angell, K. Burgess Chem. Soc. Rev. 2007, 36, 
1674-1689.  
[4] M. Nahrwold, T. Bogner, S. Eißler, S. Verma, N. Sewald 
Organic Letters 2010, 12, 1064-1067.  
[5] T. Golakoti, J. Ogino, C. E. Heltzel, T. L. Husebo, C. M. 
Jensen, L. K. Larsen, G. M. L.Patterson, R. E. Moore, S. L. 
Mooberry, T. H. Corbett, F. A. Valeriote J. Am. Chem. Soc. 
1995, 117, 12030-12049; Corrigendum: J. Am. Chem. Soc. 
1996, 118, 3323.  
[6] R. Hamid, Y. Rotshteyn, L. Rabadi, R. Parikh, P. 
Bullock Toxicology in Vitro 2004, 18, 703-710.  
[7] I. B. Roninson, J. E. Chin, K. Choi, P. Gros, D. E. 
Housman, A. Fojo, D. Shen, M. M. Gottesman, I. Pastan 
Proc. Natl. Acad. Sci. USA 1986, 83, 4538-4542. 
 
P242. Abstract number: 241 
Cyclic RGD peptides containing constrained amino 
acids as inhibitors of integrin-ligand interaction 
F. M. Mertink1, S Royo Gracia2, J Conradi1, N Sewald1

1University of Bielefeld, BIELEFELD, Germany 
2IRB, BARCELONA, Spain 
Integrins are cell adhesion molecules consisting of non-
covalently associated heterodimers that play a 
physiological role in cell adhesion and migration, wound 
healing, cytoskeletal organization and signal transduction 
across cell membranes and a pathological role in tumor 
invasion, metastasis and infection by microorganisms.[1] 
The amino acid sequence RGD is present in many natural 
ligands as a prominent recognition motif.[2] Thus, small 
peptides containing the RGD sequence have emerged as 
an excellent starting point for the identification, synthesis 
and development of selective integrin ligands.[3][4]  
The affinity and selectivity of the peptide ligands towards 
different integrins depend strongly on the secondary 
structure and the overall three-dimensional shape. It is 
known that constrained amino acids, such as D-amino 
acids and β-amino acids, highly reduce the conformational 
space by inducing β- or γ-turns, respectively, which results 
in a higher affinity and selectivity.[5] Therefore, a series of 
cyclic peptides containing the RGD motif and new 
constrained amino acids (α-methylated amino and 
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dehydroamino acids) have been synthesized and tested for 
their activity in comparison to the known αvβ3-ligand c-(-
Arg-Gly-Asp-d-Phe-Val-). In cell adhesion assays it was 
found that some peptides showed affinity to integrin αvβ3 
comparable to that of the reference peptide.  
Due to the pronounced relationship between structure and 
activity, the conformations of these cyclic peptides should 
also be comparable to that of the reference. A 
conformational analysis was done by NMR and molecular 
dynamics calculation. Based on atom distances calculated 
from NOE spectra, starting structures were obtained by 
distance geometry calculation with a simulated annealing 
step. After torsion angle clustering, restrained and free MD 
calculations with GROMOS resulted in structural proposals 
for the cyclic peptides.[6]  
The main conformations are compared to each other and 
influencing properties of the new constrained amino acids 
are evaluated.  
[1] S. Backert et al, M. Cell. Microbiol. 2008, 10, 1573-
1581.  
[2] J. A. Eble, K. Kühn, Eds.; Integrin-Ligand Interaction; 
Springer-Heidelberg, 1997.  
[3] A. Meyer et al, Curr. Pharm. Des. 2006, 12, 2723-47.  
[4] D. Heckmann et al, Methods Enzymol. 2007, 426, 463-
503.  
[5] F. Schumann et al, J. Am. Chem. Soc. 2000, 122, 
12009-10.  
[6] E. W. Guthörlein et al, Biopolymers 2007, 88, 829-839. 
 
P243. Abstract number: 250 
CD and fluorescence screening of a-synuclein-peptide 
interactions 
P Ruzza1, A Marchiani2, G Massalongo1, I Tessari3, L 
Bubacco3, A Calderan1, S Mammi2
1CNR Institute of Biomolecular Chemistry - Padova Unit, 
PADOVA, Italy 
2Department of Chemical Sciences - University of Padova, 
PADOVA, Italy 
3Department of Biology - University of Padova, PADOVA, 
Italy 
α-Synuclein (AS), a natively unfolded protein, is the major 
components of the intracellular protein-aggregates, the 
Lewy bodies, found in the dopaminergic neurons of 
Parkinson's disease patients. The aggregates called 
'protofibrils,' an intermediate in the fibrillogenesis process, 
are more cytotoxic than the amyloid-like fibrils in most of 
the proteins which generate fibrils. On one hand, 
aggregation inhibitors are expected to reduce AS 
cytotoxicity by preventing protofibril formation; on the other, 
an aggregation accelerator has recently been reported to 
reduce AS cytotoxicity, likely by causing protofibril 
precipitation. Therefore, amyloid aggregation modulating 
ligands are expected to serve as therapeutic medicines.  
In the present study, we evaluated the interaction of 
peptide ligands with AS by CD and fluorescence 
spectroscopies. For this purpose, we synthesized two 
peptides, H-RKVFYTW-NH2 and H-RGAVVTGR-NH2, 
named BB1 and BB2, respectively, and their all-D amino 
acid analogues. In addition, a rotamer-scan of the 
phenylalanine residue into the BB1 peptide was performed 
with the aim to evaluate the influence of the topography of 
this residue in the binding process. To this end, the Phe 
residue was replaced by L- or D-NMePhe, L- or D-Tic and 
Ala residues.  
Far-UV CD studies showed that AS conformation was 
strongly influenced by the interaction with these peptides. 
While the interaction with BB1 and BB2 induced an 
increase of the negative band at 198 nm, suggesting a 
corresponding increase of the unordered conformation of 

AS, other peptides caused a decrease of the same band. 
Surprisingly, L-NMePhe and L-Tic BB1 analogues did not 
interact with AS. The binding properties of the BB1 
analogues was also confirmed by near-UV CD and 
fluorescence spectroscopies.  
The preliminary results of these studies on AS-peptide 
interactions and their effects on AS conformation will be 
reported and discussed. 
 
P244. Abstract number: 258 
Antidepressive action of short human urocortin III 
fragments and analogues 
K. R. Rákosi, M Tanaka, G Telegdy, G Tóth 
University of Szeged, SZEGED, Hungary 
Depressive disorder is some of the most prevalent 
psychiatric diseases and there is no good antidepressive 
drug available uniformly appropriate for treatment.  
In the activation of stress mechanism the corticotropin-
releasing factor (CRF) is important. The action is elicited 
via CRF1 receptor, stimulating the ACTH-adrenal system 
and increasing the corticosteroid secretion of the adrenal 
cortex, and it is responsible for the anxiety related stress 
activation. Discovery of the CRF family peptides led to 
urocortin III, which is present in highest concentration in the 
hypothalamus and amygdala, and it is a specific ligand of 
CRF2 receptor. The urocortin III-CRF2 receptor stimulates 
serotonin release from the basolateral amygdala and 
strengthens the antidepressive action in depression tests.  
Urocortin III, consisting of 38 amino acids, its shorter 
fragments and their analogues, obtained with deletion or 
replacement of amino acids from the original human 
urocortin III sequence, were synthesized and tested for 
treatment of depression and anxiety. We especially 
focused on the C-terminal alanyl-glutaminyl-isoleucine 
tripeptide of urocortin III and its analogues, because of our 
previous investigations showed that this short fragment 
conserves the above mentioned biological action of the 
longer urocortin III, and we have found that many of them 
show similar or improved antidepressive and anxiolytic 
action.  
For improved pharmacokinetic properties we designed and 
synthesized several ureas and azapeptides by modification 
of the peptide backbone via formation of a resin-bound 
isocyanate or activated carbamate intermediate, followed 
by nucleophilic attack with an amine or an amino acid acyl 
hydrazide.  
 
P245. Abstract number: 260 
Effect Of A Synthetic Peptide Corresponding To 

Carotid Artery Thrombosis In Rabbits 
E. Tsikaris1, V Moussis2, ND Papamichael3, VD Roussa3, 
LD Tsironis2, AP Kotsia3, RM Stanica2, CS Katsouras3, AD 
Tselepis2, LK Michalis3

1University of Ioannina, IOANNINA, Greece 
2Dept of Chemistry, University of Ioannina, IOANNINA, 
Greece 
3School of Medicine, University of Ioannina, IOANNINA, 
Greece 
The platelet integrin receptor αIIbβ3 plays a critical role in 
thrombosis and haemostasis. The role of platelets in the 
pathogenesis of atherosclerosis, acute coronary 
syndromes, ischemic complications after percutaneous 
interventions, stroke and peripheral vascular disease, has 
been lucidly established. Of particular importance is the 
platelet integrin receptor αIIbβ3, which plays a critical role in 
thrombosis and haemostasis by mediating interactions 
between platelets and several ligands, primarily fibrinogen. 
Furthermore, an important role in the interaction between 

Residues 313-320 Of The Aiib Integrin Subunit N 
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αIIbβ3 and fibrinogen in humans is played by the αIIb 
subunit of the receptor and the HHLGGAKQAGDV 
sequence located at the carboxyl terminus of the γ-chain of 
fibrinogen. Previous results of our research group have 
demonstrated that the YMESRADRKLAEVGRVYLFL (313-
332) sequence of the αIIb subunit may be important not 
only for fibrinogen binding to αIIbβ3 and platelet aggregation 
but also for platelet activation through the αIIbβ3-dependent 
outside-in signal transduction pathway (Biris N et al., 
2003). Moreover, the octapeptide YMESRADR (sequence 
313-320) showed the highest inhibitory activity (Mitsios JV 
et al., 2004). This peptide inhibits platelet aggregation and 
secretion as well as fibrinogen binding to the activated 
αIIbβ3, possibly by a non-RGD like mechanism (Mitsios JV 
et al., 2004). The aim of the present study was to 
investigate the effect of the synthetic peptide analogue of 
αIIb subunit YMESRADR (sequence 313-320) on 
experimentally induced arterial thrombosis in rabbits. In 
summary the present study shows that YMESRADR is a 
novel antiplatelet agent that can effectively inhibit thrombus 
formation and carotid artery occlusion without causing 
hemorrhagic complications in a rabbit model of arterial 
thrombosis that mimics clinical arterial thrombosis in 
humans. References: Biris N. et al. (2003), Eur. J. 
Biochem. 270, 3760-3767, Mitsios J.V. et al. (2004), Eur. J. 
Biochem. 271, 855-862. Acknowledgements to the Greek 
ministry of health and social solidarity [KE.S.Y.] for the 
financial support.  
 
P246. Abstract number: 261 
A Highly Constrained Cyclic (S,S)-Cdc- Peptide Is A 
Potent Inhibitor Of Carotid Artery Thrombosis In 
Rabbits 
E. Tsikaris1, V Moussis2, VD Roussa3, EM Stathopoulou2, 
ND Papamichael3, CV Englezopoulos3, P Trypou2, CC 
Tellis2, CS Katsouras3, AD Tselepis2, LK Michalis3

1University of Ioannina, IOANNINA, Greece 
2Dept of Chemistry, University of Ioannina, IOANNINA, 
Greece 
3School of Medicine, University of Ioannina, IOANNINA, 
Greece 
Glycoprotein IIb/IIIa receptor (integrin αIIbβ3) is the most 
prominent member of adhesion receptors that mediate 
platelet aggregation mainly by binding to fibrinogen. The 
αIIbβ3 human platelet integrin primarily interacts with its 
ligands through a common tripeptide sequence, the RGD 
(Arg-Gly-Asp) sequence. Despite the fact that this 
tripeptide motif was originally identified as the cell binding 
domain of the integrin on fibronectin, the RGD sequence is 
present in various adhesive ligands, including fibrinogen, 
fibronectin and von Willebrand factor (vWf). Our research 
group has previously reported on the synthesis of 
constrained cyclic peptides incorporating the (S,S)-CDC- 
sequence presenting potent in vitro antiplatelet activity in 
human platelets. One of these highly constrained cyclic 
peptides, the (S,S) PSRCDCR-NH2, exhibited significant 
inhibition of human platelet aggregation and secretion as 
well as fibrinogen binding to the activated αIIbβ3 in vitro, 
probably by a non-RGD like mechanism (Kouki A. et al, 
2005). In the present study we evaluate the antithrombotic 
and antiplatelet effect of the (S,S) PSRCDCR-NH2 
peptide, on experimental carotid artery thrombosis in 
rabbits. It was found that this cyclic inhibitor can effectively 
inhibit thrombus formation and carotid artery occlusion 
without causing hemorrhagic complications in a rabbit 
model of arterial thrombosis. <i>References: Kouki A. et al 
(2005) J. Thrombosis and Haemostasis 3, 2324-2330. 
Acknowledgements to the Greek ministry of health and 
social solidarity [KE.S.Y.] for the financial support.</i>  

 
P247. Abstract number: 263 
Design, Synthesis And Biological Activity Of Peptides 
Which Act With A Non-Rgd-Like Inhibitory Activity 
E. Tsikaris1, P Trypou2, V Moussis2, EM Stathopoulou2, K 
Rousouli2, AD Tselepis2

1University of Ioannina, IOANNINA, Greece 
2Dept of Chemistry, University of Ioannina, IOANNINA, 
Greece 
Platelets play a significant role in the pathogenesis of acute 
coronary syndromes. The Arg-Gly-Asp RGD motif of 
adhesive proteins is recognized by the activated platelet 
integrin aIIbb3. Binding of fibrinogen (Fg) to activated aIIbb3 
causes platelet aggregation and thrombus formation. 
Thousands of RGD analogues have been developed, 
targeting the blockage of the receptor ligand interaction. In 
previous studies we presented cyclic (S,S)-CDC- 
containing compounds (IC50~2µM) that exhibit a non-RGD-
like inhibitory activity [1,2]. This aspect could be the basis 
for the design of a new class of anti-platelet agents. Taking 
into account the previous data and the fact that the peptide 
(S,S) Pro-Ser-Arg-Cys-Asp-Cys-Arg-NH2 is one of the best 
inhibitors, we designed, synthesized and tested for their 
inhibitory potency the following peptides: i) (S,S) His-Ser-
Arg-Cys-Asp-Cys-Arg-NH2, ii) (S,S) His-Ser-Lys-Cys-Asp-
Cys-Arg-NH2, iii) (S,S) His-Ser-Orn-Cys-Asp-Cys-Arg-NH2 
and iv) (S,S) DPro-Ser-Arg-Cys-Asp-Cys-Arg-NH2. The 
synthesis of the peptides was carried out by solid-phase 
peptide synthesis (SPPS) method on a Rink Amide resin, 
using low substitution (0.21 mmol/g) and following the 
Fmoc chemistry. The removal of the Acm group and the 
disulfide bond formation were performed by one step 
reaction on solid support, using thallium trifluoroacetate 
Tl(tfa)3. Purification and identification of the peptides was 
performed by HPLC and ESI-MS respectively. Assessment 
of their inhibition was made using ADP-induced platelet 
aggregation in human platelet rich plasma (PRP). The 
inhibition assays revealed that the nature of both the amino 
terminus amino acid and the cationic side chain of the X 
amino acid in the (S,S)-XCDC- motif affect the biology 
activity of the inhibitor.References:[1] Kouki A. et al (2005) 
J. Thrombosis and Haemostasis 3, 2324-2330. [2] Mitsios 
J.V. et al. (2004) Eur. J. Biochem. 271, 855-862.  
 
P248. Abstract number: 270 
Cyclotheonamide E4-based beta-tryptase inhibitors 
DJ Janke1, CP Sommerhoff2, N Schaschke1

1Universität Bielefeld, BIELEFELD, Germany 
2Klinikum der LMU, MÜNCHEN, Germany 
Human beta-tryptase is a trypsin-like serine protease that 
is virtually exclusively expressed in mast cells. Upon 
activation by an IgE-mediated process as a response to 
allergic stimuli, these mast cells release beta-tryptase 
along with other inflammatory mediators such as histamine 
and heparin proteoglycan into the surrounding tissue by 
exocytosis. An increasing number of studies point to a 
pivotal role of this secreted protease in modulating 
bronchial tone, airway inflammation and tissue remodeling, 
the hallmarks of asthma. Thus, inhibition of beta-tryptase 
has emerged in the last decade as promising approach for 
the treatment of allergic asthma [1].  
Recently, based on the cyclotheonamide E4 scaffold we 
have developed a potent and selective beta-tryptase 
inhibitor [2]. For this the natural product was modified at 
two key positions: On the one hand the alpha-amino 
function of (S)-2,3-diamino propionic acid was used as 
anchoring point for the optimized basic P3 residue, epsilon-
amino hexanoic acid, to exploit interactions with the 
negatively charged Glu-217 within the S3 pocket of beta-
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tryptase. On the other hand the S1 ligand present in the 
natural product, (S)-3-amino-6-guanidino-2-oxo-hexanoic 
acid, was substituted by the structurally related beta-
homoarginine shifting the binding from a covalent into a 
fully reversible mode.  
Previously, we have investigated 3-aminomethyl 
phenylalanine as S1 ligands in bivalent beta-tryptase 
inhibitors [3]. It turned out that the derivative of this non-
proteinogenic amino acid, Ac-Phe(3-H2N-CH2)-OMe, is a 
moderately potent though surprisingly selective inhibitor of 
beta-tryptase (Ki (beta-tryptase) 14 M vs. Ki (trypsin) 400 
M). To further improve the selectivity profile of our lead 
structure, we have substituted the S1 ligand, beta-
homoarginine, by the corresponding beta-homo amino acid 
of 3-aminomethyl phenylalanine. The synthesis, the 
inhibitory profile, and stability against proteolytic 
degradation of this novel beta-tryptase inhibitor will be 
presented.  
[1] C. P. Sommerhoff, N. Schaschke, Curr. Pharm. Design 
2007, 13, 313.  
[2] N. Schaschke, C. P. Sommerhoff, ChemMedChem 
2010, 5, 367.  
[3] N. Schaschke, A. Dominik, G. Matschiner, C. P. 
Sommerhoff, C. P. Bioorg. Med. Chem. Lett. 2002, 12, 
985.  
 
P249. Abstract number: 278 
Design, synthesis and anti-influenza activity of 
peptidomimetic artificial ribonucleases 
L.S. Koroleva1, O Morozova2, L Rustamova3, V Sabynin3, 
N Schmeleva3, N Gribkova3, V Silnikov2

1Inst. of Chemical Biology and Fundamental Medicine, 
Novosibirsk State University, NOVOSIBIRSK, Russia 
2Institute of Chemical Biology and Fundamental Medicine, 
NOVOSIBIRSK, Russia 
3Research Institute for Epidemiology and Microbiology, 
MINSK, Belarus 
Despite the advances in understanding of the molecular 
and cellular aspects of influenza, the disease remains the 
major cause of respiratory diseases among patients. The 
World Health Organization recommended vaccination as 
the main means of fighting influenza, but this approach 
showed a rather limited efficacy because the influenza 
virus is subject to rapid and unpredictable variations. 
Several viral molecular targets have been identified for 
drug intervention including hemagglutinin, neuraminidase, 
M2 protein, and endonuclease. The chemotherapy of 
influenza is based mostly on drugs of the adamantine 
groups (amantadine and remantadine) and neuraminidase 
inhibitors (zanamivir and ozeltamivir). The search for new 
antiviral agents remains urgent task.  
Here we represent design and synthesis of novel anti-
infectives based on peptidomimetic artificial ribonucleases: 
Xaa-diamine-Xaa, where Xaa- Lys, Glu, Ser, His, Pro, Thr, 
Trp, Leu.  
Anti-influenza activity and cytotoxicity of peptidomimetics 
was investigated. Tested compounds exhibited significant 
antiviral effect and low cytotoxicity.  
This work was supported by RFBR-09-04-01483, Grant of 
SB RAS-88, Carl Zeiss-2010. 
 
P250. Abstract number: 292 
Solid phase synthesis and in depth analysis of the 
tumour targeting peptide DOTATOC for clinical 
applications 
W Mier1, S Krämer1, WE Hull2, M Eisenhut2, U Haberkorn1

1University Hospital, HEIDELBERG, Germany 
2Deutsche Krebsforschungszentrum, HEIDELBERG, 
Germany 

Peptides are useful tools for the targeted delivery of 
radionuclides and/or chemotherapeutic drugs to their site 
of action within an organism. Due to its excellent 
performance the peptide derivative (1,4,7,10-
tetraazacyclododecane-N,N’,N’’,N’’’-tetraacetic acid)-Tyr3-
octreotide DOTATOC is the gold standard of peptide 
radiopharmaceuticals. DOTATOC binds to somatostatin 
receptors (receptor subtypes SSTR2 and SSTR5) and can 
be used for the diagnosis and therapy of tumours 
expressing these receptors. Somatostatin receptors are 
expressed on neuroendocrine tumours, including carcinoid 
tumours, pituitary adenoma, pheochromocytoma, and 
medullary thyroid carcinoma. Somatostatin receptors are 
also positive on the cell surfaces of other types of tumours, 
such as small cell lung carcinoma, meningioma, 
astrocytoma, and neuroblastoma. When labelled with 
68Ga DOTATOC allows the diagnosis by positron 
emission tomography (PET), 90Y labelled DOTATOC has 
been proven to be effective for endoradiotherapy. The 
basis for the clinical application of this peptide is an 
efficient solid phase synthesis.  
Even though Tyr3-octreotide contains only eight residues, 
the synthesis is complicated by several structural features. 
The conjugation of the chelator sets further hurdles to 
obtain a product with essentially no side products. Here we 
describe a synthetic protocol which allows the solid phase 
formation and purification of DOTATOC at pharmaceutical 
quality. Eventual side products caused by racemisation of 
the two cysteine were studied using the synthetic peptide 
standards. The product is characterized in detail by high 
resolution LC/MS using orbitrap technology and a 
complete assignment of its 1H and 13C NMR spectra. In 
addition conformational features of the peptide were 
evaluated using 1D and 2D NMR experiments. 
 
P251. Abstract number: 297 
Solid-Phase Synthesis and analytical characterization 
of Myrcludex B, a potent new entry inhibitor for the 
treatment of HBV infections 
AS Schieck, T Müller, U Haberkorn, S Urban, W Mier 
University Hospital Heidelberg, HEIDELBERG, Germany 
Myrcludex B is the lead substance of a new class of HBV 
entry inhibitors derived from the N-terminus of the large 
HBV envelope protein. Chronic HBV infection is the main 
cause of liver cirrhosis and HCC. These synthetic peptides 
have been shown to efficiently block HBV entry. Myrcludex 
B, a 47-mer lipopeptide, is currently progressing to clinical 
application. For the industrial production according to GMP 
standards an efficient and cost-effective synthesis of this 
peptide is required. Consequently, the solid phase 
synthesis of Myrcludex B was studied in detail. The peptide 
and the side products arising in this synthesis have been 
characterized by LC-MS analysis.  
The peptide described consists of the 47 N-terminal amino 
acids of the human hepatitis B virus surface protein and is 
myristoylated at the N-terminus. The Fmoc cleavage 
pattern obtained by the peptide synthesizer and HPLC 
analysis of the crude product reveal an uncomplicated 
manufacturing process with already very good purity. 
Nevertheless, after the coupling of the myristic acid and the 
purification step it became obvious that some impurities 
could not be separated by the use of standard preparative 
HPLC protocols. To identify the main side products, the 
purified Myrcludex B was characterized under optimized 
analytical HPLC conditions and HPLC-MS measurements. 
Failure sequences lacking the amino acid asparagine or 
water (aspartimide formation) were considered to 
constitute the main impurities. By further analyses using 
enzyme degradation protocols the exact positions within 
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the peptide sequence were defined and attempts were 
undertaken to avoid the formation of these side products.  
By critical observation of the solid phase synthesis of 
Myrcludex B and localizing the main difficulties within the 
synthesis, it was possible to obtain the peptide described in 
high yields and purity. 
 
P252. Abstract number: 298 
Conformational analysis of hemopressin, a novel 
peptide endowed with selective CB1 receptor 
antagonist activity 
M. D'Ursi1, M Scrima1, S Di Marino1, M Grimaldi2, M 
Bifulco1

1University of Salerno, FISCIANO, Italy 
2Dipartimento di Scienze Farmaceutiche, UNIVERSITÀ DI 
SALERNO, Italy 
Hemopressin, a novel alpha-hemoglobin-derived 
endogenous peptide , is a CB(1) receptor-selective 
antagonist/inverse agonist.1,2 Herein we report the 
conformational analysis of Hemopressin and its N-terminal 
fragment hemopressin(1-6) in membrane mimic 
environment composed of DPC/SDS 90:10 M/M mixed 
micelles. Circular dichroism and Nuclear magnetic 
resonance conformational studies show the presence of 
regular type I �-turn structures on different triads of 
hemopressin sequence, whereas in hemopressin(1-6) a 
preponderant presence of �-turn centered on the residues 
F4-F6 is detectable. Molecular docking studies in the 
presence of a modeled CB1 receptor target show that the 
conformational characteristics of hemopressin at the 
binding site are consistent with with the statements of the 
current CB1 antagonist farmacoforic model; even so 
possibilities for new structural motifs may be identified. 
 
P253. Abstract number: 300 
Synthesis of a PEG conjugated HIV Gp41 MPER 
fragment: a new Gp41 helix bundle mimic 
M. D'Ursi1, M Grimaldi2, A Mastrogiacomo1, S 
Giannecchini3, P Rovero4

1University of Salerno, FISCIANO, Italy 
2Dipartimento di Scienze Farmaceutiche, UNIVERSITÀ DI 
SALERNO, Italy 
3Dipartimento di Sanità pubblica, FIRENZE, Italy 
4Laboratory of Peptide & Protein Chemistry & Biology, Polo 
Scientifico e Tecnolog, FIRENZE, Italy 
Human Immunodeficiency Virus (HIV), responsible for 
acquired immunodeficiency syndrome (AIDS), perform cell 
entry via a molecular mechanism involving viral Env 
glycoproteins with the final fusion mediated by the surface 
glycoproteins Gp41. The global architecture of Gp41 
consists of a transmembrane (TM) region separating the 
cytoplasmic domain from the ectodomain enclosing the 
membrane-proximal external regions (MPER) directly 
involved in the virus cell fusion. In particular the fusion 
mechanism occurs through conformational changes of 
three Gp41 with the interaction of three Gp41 N-terminal 
helices forming a highly stable six helix bundle and the 
MPER effecting the events that occur after merging of the 
viral and cell membrane.  
Peptides deriving from MPER in the ectodomain of TM 
glycoprotein are able to prevent HIV cell membrane fusion 
[1], and one of these, formerly peptide T-20, is clinically 
used as anti HIV fusion inhibitors [2]. It was recently shown 
that polyethylene glycol (PEG) conjugated dimeric and 
trimeric fusion inhibitors, selected from a combinatorial 
peptide database, to mimic the Gp41 trimeric helix bundle, 
were characterized by a significant increased in antiviral 
potency [3].  

We recently synthesized and tested for antiviral activity, 
EPK249 a Trp rich peptide corresponding to residues 666-
681 of Gp41 MPER. EPK249 displayed weak in vitro 
antiviral activity.  
Here we present the synthesis of PEG conjugated dimers 
and trimers of EPK249 designed in the attempt to achieve, 
according to the previous reported strategy, an 
improvement in the antiviral, fusion inhibitory activity.  
[1] Jin B., Jin S., Ryu R., Ahn K., Yu Y.G., (2000) AIDS 
Res. Hum. Retroviruses 16, 1797-1804.  
[2] Kilby J.M., Lalezari J.P., Eron J.J., Carlson M., Cohen 
C., Arduino R.C., Goodgame J.C., Gallant J.E., Volberding 
P., Murphy R.L., Valentine F., Saag M.S., Nelson E.L., 
Sista P.R., Dusek A., (2002) AIDS Res Hum Retroviruses 
18(10), 685-93.  
[3] Welch B.D., VanDemark A.P., Heroux A., Hill C.P., Kay 
M.S., (2007) Proc. Natl. Acad. Sci. 104(43), 16828-33. 
 
 
P254. Abstract number: 318 
Investigation on Inhibition of the two Active Sides of 
ACE by Modified Prolyl Peptides 
B. Stoineva, B Yakimova, B Tchorbanov 
Institute of Organic Chemistry, SOFIA, Bulgaria 
Many bioactive peptides derived from food proteins or 
artificial synthetic product inhibit Angiotensin I converting 
enzyme (ACE) and Ang II type 1 receptor (AT1) in the 
cardiovascular system contribute to the prevention and 
treatment of hypertension. Angiotensin I converting 
enzyme (ACE) belongs to the class of zinc proteases and 
has a two distinct active catalytic sites, called the N- and C- 
domains. Recent investigations have revealed that some 
ACE inhibitors display different inhibitory potency toward 
the two active sites. For example, captopril appears to be 
about 16 times more efficient for blocking the N-domain 
than the C-domain, whereas lisinopril is equally potent 
toward the two active sites.  
The aim of this paper is to study the inhibitory potency of 
modified prolyl peptides by using selective fluorescence 
substrate Ant-Gly-Phe(NO2)-Pro-OH for C-domain and 
Ant-Ser-Arg-Lys(Dnp)-Pro-OH for N-domain of the active 
sides of enzyme. A differential selectivity may help to 
elucidate some peculiar properties observed with some 
peptides and artificial synthetic inhibitors of ACE.  
 
P255. Abstract number: 339 
Targeting Stat3 in tumors & chronic inflammation: rS3-
PA, a peptide-based inhibitor, efficiently blocks Stat3 
function in vitro and in vivo 
LM Mack, C Borghouts-Heinz, B Brill, N Delis, B Groner 
Georg-Speyer-Haus, FRANKFURT, Germany 
rS3-PA is a peptide aptamer that was identified in our 
laboratory by yeast-two-hybrid screening of a random 
peptide library. Its short sequence is embedded in a 
scaffold structure and thereby this peptide can serve as 
competitive inhibitor of protein recognition modules. 
Applications of this mechanism depend upon the binding 
specificities and affinities of peptide aptamers to their target 
structures, recombinant expression and purification of the 
peptide- scaffold protein and the sufficient delivery of the 
purified protein into the cell.  
The rS3-PA peptide aptamer is directed against the 
dimerisation domain of Stat3 and efficiently inhibits 
intracellular Stat3 signalling functions and the associated 
phenotypes in vitro.  
The transcription factor Stat3 is one of seven members of 
the signal transducer and activator of transcription family. It 
is not only indispensable during embryonic development 
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but is also widely expressed in various tissues after birth 
e.g. in the skin and in the thymus.  
In addition to its multiple functions in normal cells Stat3 has 
been found to be constitutively activated in many tumors. 
Constitutive activation of Stat3 induces the expression of 
target genes supporting various processes like enhanced 
cell proliferation and survival, angiogenesis, migration and 
immune evasion.  
Besides its effectiveness in vitro, my group was able to 
show that systemic application of rS3-PA in a glioblastoma 
mouse model clearly affected the kinetics of tumor growth 
in a negative fashion without side effects.  
Despite its important role in cancer cells, increased 
activation of Stat3 also plays a crucial role the 
development of chronic inflammation. We are studying this 
phenomenon exemplarily in Psoriasis. This skin disease 
affects approximately 2% of the worlds population and 
although not life threatening is reducing the living quality of 
the patients to a high extend.  
Psoriatic lesions are characterised by high IL-6 and IL-23 
levels activating Stat3 in keratinocytes and Th17 cells, 
causing uncontrolled skin proliferation and chronic 
inflammatory responses.  
For further investigations of this disease we induced local 
inflammation with the immune response modifier 
Imiquimod in mouse skin. This drug causes a local immune 
reaction, associated with a strong activation of Stat3.  
As we were able to show that rS3-PA is able to penetrate 
and transduce mouse skin we now want to investigate the 
therapeutic effects of topical rS3-PA treatment in this 
disease model. 
 
P256. Abstract number: 355 
Bioinformatics-assisted SPOT peptide array screening 
for successful design of anti-hyperlipidmic short 
peptides 
R.K. Kato1, C Kaga2, K Kanie1, M Isegawa2, T Takeshita1, 
S Kanematsu2, M Okochi1, Y Yamashita2, K Morikawa2, S 
Nagaoka2, H Honda1

1Nagoya University, NAGOYA, Japan 
2Gifu University, GIFU, Japan 
Hyperlipidemia, is a significant risk factor associated with 
life threatening multi-factorial diseases, such as 
cardiovascular disease. To diminish the risk of such 
lifestyle-related diseases, early prevention through chronic 
treatment with low-cost medicines has attracted increased 
attention. Peptides are an attractive molecule for designing 
new therapies because of their biocompatibility and its 
safety assured by dietary experiences. Certain peptide 
fractions from protein hydrolysates, such as hydrolysates 
from soybean, potato, milk, and egg white, have been 
shown to mitigate hypercholesterolemia.  
One of the recent strategies to obtain anti-
hypercholesterolemia peptides is to target bile acids for the 
inhibition of intestinal cholesterol absorption [1, 2]. Bile 
acids are synthesized from liver cholesterol, and secreted 
into the lumen of the small intestine to encapsulate 
cholesterol by micelle, and facilitate cholesterol absorption 
via cholesterol transporters. Inhibition of such bile acid 
micelle formation or destruction of micelles can suppress 
intestinal cholesterol absorption. Furthermore, it is also 
known that the decreased bile acid re-absorption by bile 
acid micelle destruction triggers the consumption of stored 
cholesterols in the liver for the synthesis of lacking bile 
acids. Therefore, bile-acid binding peptides have potential 
to be used as cholesterol lowering agent.  
In the 30EPS conference, we reported the bioinformatics-
assisted peptide screening [3] to enhance the efficacy of 
conventional hydrolysate-based peptide exploration by 

combining bioinformatics and SPOT array technique [4] to 
obtain bile-acid binding peptides. The disadvantage of the 
limited library size of array-based screening was effectively 
compensated by ”model-based screening”or ”clustering-
based screening”. In this work, we report the detailed 
analysis of in vitro and in vivo evaluation of peptide 
candidates found from the bioinformatics-assisted 
screening. By oral administration, the novel 6-mer peptides 
inhibited intestinal cholesterol absorption. We also report 
the commonly found peptide structural feature for higher 
bile-acid binding affinity from the further bioinformatics-
assisted screening of more than 2,000 random peptides.  
1. Choi, S. K., et al., Biosci Biotechnol Biochem 66, 2395-
2401(2002)  
2. Nagaoka, S., et al., Soy Protein Research, 8, 121-126 
(2005)  
3. Frank, R., J Immunol Methods 267, 13-2 (2002)  
4. C. Kaga., et al., Biotechniques. 44, 393-402 (2008) 
 
P257. Abstract number: 362 
Chimeric natriuretic peptides for heart failure 
treatment 
S Vink, Z Dekan, KJ Poth, PF Alewood 
Institute for Molecular Bioscience, BRISBANE, Australia 
Natriuretic peptides are body fluid volume modulators, 
termed natriuretic peptides due to a role in natriuresis and 
diuresis. This peptide family is characterised by a 17-
residue ring structure formed by a single disulfide bond 
with a highly conserved internal sequence. The three 
mammalian natriuretic peptides, atrial or A-type natriuretic 
peptide (ANP), brain or B-type natriuretic peptide (BNP) 
and C-type natriuretic peptide (CNP), have been 
extensively investigated for their use as therapeutic agents 
for the treatment of cardiovascular diseases including 
congestive heart failure. This is due to their fundamental 
role in cardiovascular homeostasis through the regulation 
of electrolyte balance and vascular smooth muscle tone. 
Although effective, short half-lives and renal side effects 
limit their use. This identifies a need for effective drugs for 
congestive heart failure treatment.  
TDT is a chimeric natriuretic peptide consisting of the N-
and C-terminal tails of TNPc (isolated from the venom of 
Oxyuranus microlepidotus) and the 17-residues comprising 
the characteristic internal ring from DNP (isolated from 
Dendroaspis angusticeps venom). The cGMP-stimulating 
ability of TDT was evaluated at the human natriuretic 
peptide receptor A (hNPR-A), which mediates the majority 
of the biological effects of natriuretic peptides. TDT, with an 
additional two point mutations had a greater potency than 
hANP with EC50 values of 0.35 ± 0.1 nM and 0.84 ± 0.1 nM 
respectively. PEGylation did not significantly alter the 
potency of the peptide at hNPR-A. The resistance of TDT 
to degradation through natriuretic peptide receptor C 
(NPR-C) mediated internalisation and lysosomal 
degradation, and neutral endopeptidase is presently under 
investigation. TDT represents an attractive lead for 
congestive heart failure treatment.  
 
P258. Abstract number: 369 
Protection against heat stress injury of deuterohemin 
peptide in C. elegans 
L Wang 
College of Life Science, Jilin University, CHANGCHUN, 
China 
Heat stress will has a profound impact in Caenorhabditis 
elegans (C. elegans). Mild heat stimulation can cause 
hourmesis and lead to extend the longevity. In the other 
hand, continued heat stress would cause reduced life 
expectancy. Our group has invented a novel deuterohemin 
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containing peptide deuterohemin-AlaHisThrValGluLys 
(DhHP-6), which has various biological activities including 
protection of heat stress injury, improving cell survival and 
preventing apoptosis. We hypothesized that DhHP-6 is 
beneficial on the lifespan of C. elegans and increases their 
resistance to heat stress(30' and 35'). C. elegans were 
treated with different concentration of DhHP-6. Survival 
time and sensitivity to heat was investigated. We further 
demonstrated that stress resistance genes such as hsp-
16.1 and hsp-16.49 were regulated by DhHP-6. Combining 
with other gene data suggest that a possible explaination 
for the protection against heat stress injury of DhHP-6 in 
C.elegans. 
 
P259. Abstract number: 374 
Modified Cyclic Peptides as Inhibitors of HIV-1 
Integrase Activity 
E Northfield, S Headey, M Scanlon, P Thompson, D 
Chalmers 
Monash Institute of Pharmaceutical Sciences, 
PARKVILLE, Australia 
Human immunodeficiency virus (HIV) is a retrovirus which 
is the causal agent of acquired immunodeficiency 
syndrome (AIDS). Viral replication is driven by three viral 
enzymes, namely reverse transcriptase, protease and 
integrase (IN). IN catalyses the insertion of viral DNA into 
the DNA of the host cell.  
Lens epithelium derived growth factor (LEDGF) is a host 
cell protein which interacts directly with HIV IN and has 
been identified as a cellular cofactor for effective HIV 
integration. LEDGF binds directly to IN and dramatically 
stimulates the strand transfer activity.1  
The aim of this work is to develop cyclic peptide mimics of 
the segment of LEDGF involved in HIV IN binding. 
Peptides have been designed with the intent of inhibiting 
the LEDGF-IN binding interaction and consequently 
reducing IN activity. These peptide sequences are based 
on the sequence of LEDGF itself, most notably retaining 
the reverse-turn observed in LEDGF which appears critical 
to its’ ability to bind to IN. The use of cyclic peptides offers 
the possibility of increasing potency and stability relative to 
a linear peptide (in this instance LEDGF) contingent upon 
the successful mimicry of the bioactive conformation.  
(1) Llano, M.; Saenz, D. T.; Meehan, A.; Wongthida, P.; 
Peretz, M.; Walker, W. H.; Teo, W.; Poeschla, E. M. 
Science 2006, 314, 461-464. 
 
 
P260. Abstract number: 419 
Natural products as a source of inspiration for the 
discovery of novel POP inhibitors with blood-brain 
barrier transport capacity 
M. Teixido1, T Tarragó1, L Dalcol2, E Giralt1
1Institute for Research in Biomedicine, BARCELONA, 
Spain 
2Dept. Química, Universidade Federal de Santa Maria, 
SANTA MARIA RS, Brazil 
Natural products can often be a source of inspiration to 
discover novel drug candidates with properties of interest. 
The natural product chlorogenic acid [1], the main 
component of Hypericum brasiliense, shows potent 
inhibitory activity against prolyl oligopeptidase enzyme 
(POP) [2]. Starting from this compound, we have 
discovered a novel family of POP inhibitors based on a 
modified diketopiperazine scaffold. This new family of 
compounds also has the capacity to cross the blood-brain 
barrier (BBB).  
The solid-phase peptide synthesis and the evaluation of 
the inhibitory activity and BBB transport capacity of these 

novel compounds have been explored in order to select 
the best candidate. This compound was then further 
studied in terms of stability in human plasma and 
undesired binding to relevant human receptors.  
Once again, the synthesis of novel compounds inspired on 
ones found in nature can contribute to the discovery of new 
pharmaceutical agents.  
[1] Chandrasekera, D. H.; Welham, K. J; Ashton, D.; 
Middleton R.; Heinrich, M. J.Pharmacy and Pharmacology 
2005, 57, 1645-1652.  
[2] Tarrago T, Kichik N, Seguí J, Giralt E. ChemMedChem 
2007, 2(3), 354-9. 
 
 
P261. Abstract number: 421 
Mechanism in Inhibition of Histone Deacetylase by 
Cyclic Tetrapeptides with Various Functional Groups 
N. Nishino1, I Shahidul1, I Nurul1, T Nsiama1, N Oishi1, T 
Kato1, A Ito2, M Yoshida2

1Kyushu Institute of Technology, KITAKYUSHU, Japan 
2RIKEN, WAKO, Japan 
Class 1 and 2 histone deacetylases (HDACs) involve zinc 
atom at the active center to employ metalloprotease-like 
mechanism in cleavage of acetyl group. As natural 
inhibitors of these HDAC enzymes, two different type of 
metabolites have been known . One group includes 
tricostatin A, which bears hydroxamic acid functional 
moiety at the end of the molecule. Cyclic tetrapeptides in 
another group have typically epoxyketone moiety as a part 
of quite unusual amino acid in the cyclic peptides. Having 
epoxyketone is not necessary as the natural inhibitors. 
Simple ketone and hydroxymethylketones are also found 
as HDAC inhibitors so far. In last decade, a number of 
HDAC inhibitors have been reported in literatures and 
patented as the possible candidate of cancer drug. 
However, they have randomly different type of so-called 
zinc ligand which is expected to bind to the enzyme 
strongly at the active site. The functional groups are, for 
instance, hydroxamic acid, retro-hydroxamic acid, o-
aminoanilide, ketone, trifluoromethylketone, 
hydroxymethylketone, methoxymethylketone, mercaptan, 
disulfisde, thioether, thioacetate, borate, phosphate, and so 
on. In order to evaluate such functional groups in the same 
molecular condition as HDAC inhibitory activity and 
elucidate the role of them in the mechanism of HDACs, we 
introduced new (azide, click product, acryloyl, and 
carboxyl) and known functional groups to the chlamydocin 
framework, cyclo(-L-AA-Aib-L-Phe-D-Pro-), (where AA 
bears different possible zinc ligands at the end of side 
chain) as standard of comparison. By examining the 
profiles of inhibition of HDAC1, HDAC4, and HDAC6, we 
could divide the many cyclic tetrapeptide HDAC inhibitors 
into several groups for insight into the enzymatic 
mechanism. 
 
P262. Abstract number: 424 
Exploiting disulfide-rich peptides in drug discovery 
L Smythe, D Patel, C Murphy, G Bourne, T Tran, K Glen, J 
Zhang, N Lawrence, J Duncan, A Griffin, P Walsh 
Protagonist, BRISBANE, Australia 
Disulfide-rich peptides are ideal scaffolds for drug 
development and have favorable features for diverse 
clinical applications. They posses a disulfide-strained core 
that imparts extraordinary chemical and biological stability 
characteristics, but also sequence flexibility, allowing the 
introduction of novel functionalities. We have developed 
robust design, synthesis and display methods to exploit 
this scaffold class. In this presentation we will describe 
their potential drugability by developing a series of 
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analogues, based on several diverse scaffolds, as 
antagonists of TNF, IL-6 and IL-6R with favorable affinity, 
PK and in vivo activity. We will describe an innovative 
combination of small molecule drug discovery approaches 
and protein-based molecular evolution strategies guided by 
structure based drug design to exploit this scaffold class. 
 
P263. Abstract number: 429 
Sar Study Of P5u And Urantide Analogues Modified At 
Position 9 
PG Grieco1, L Auriemma1, P Santicioli2, P Campiglia3, I 
Monterrey-Gomez1, CA Maggi2, S Meini2, A Carotenuto1, D 
Brancaccio1, E Novellino1

1University of Naples Federico II, NAPLES, Italy 
2Dip. Farmacologia, Menarini Ricerche, S.p.A., 
FLORENCE, Italy 
3University of Salerno, SALERNO, Italy 
In order to elucidate the importance of Tyr residue in 
biological activity and for receptor interaction recently we 
have synthesized new analogues where Tyr9 was replaced 
with the unnatural amino acid. The modifications were 
performed in both agonist P5U and antagonist Urantide 
sequences. On these new ligands we evaluated the 
biological activity at hUTII receptors and performed 
preliminarly NMR conformational studies. These new 
ligands will be used in further biological investigations of 
the UT receptor.  
P5U H-Asp-[Pen-Phe-Trp-Lys-Tyr-Cys]-Val-OH  
Urantide H-Asp-[Pen-Phe-DTrp-Orn-Tyr-Cys]-Val-OH  
New H-Asp-[Pen-Phe-Trp-Lys-Xaa-Cys]-Val-OH  
Xaa = unnatural aminoacids  
[1] Grieco, P.; Carotenuto, A.; Campiglia, P.; Zampelli, E.; 
Patacchini, R.; Maggi, C.A.; Novellino, E.; Rovero, P. 
Journal of Medicinal Chemistry, 45, 4391 (2002).  
[2] Patacchini, R.; Santicioli, P.; Grieco, P.; Rovero, P.; 
Novellino, E.; Maggi, C.A. British J. of Pharmacology , 140, 
1155 (2003). 
 
P264. Abstract number: 441 
P53/TFIIH complex: structure-guided design of 
peptides to modulate apoptosis mediated by p53-
dependent pathways 
M. De Simone1, L Zaccaro2, M De Simone1, A Del Gatto2, 
L D’Andrea2, C Langlois3, P Di Lello3, P Legault3, C 
Pedone1, JG Omichinski3
1Dipartimento delle Scienze Biologiche, Università degli 
studi „Federico II„, NAPLES, Italy 
2Istituto di Biostrutture e Bioimmagini-CNR, NAPLES, Italy 
3Biochimie, Université de Montréal, C.P. 6128 Succursale 
Centre-Ville, MONTREÀL, Canada 
The tumour suppressor protein p53 plays a key role in a 
number of biological pathways and approximately 50% of 
all human cancers are associated with mutations in p53 
that result in loss of function. As a result, considerable 
efforts have been made to design drug therapies that 
increase levels of p53 function as potential cancer 
treatments. One key function of p53 is its role in inducing 
the apoptotic response at both the transcription and non-
transcription levels. However, recent evidence suggests 
that up regulation of p53-dependent transcriptional 
activation may be detrimental in the apoptotic response 
associated with certain blood and neuronal cells as up 
regulation of p53 has been found in certain leukemias and 
neuronal dysfunctions such as Alzheimer's disease, 
Parkinson's disease, epilepsy and multiple sclerosis. As a 
result, there has been an effort to design small molecules 
that could selectively inhibit p53-dependent transcriptional 
activation as possible therapies for select leukemias and 
neurodegenerative diseases. P53 transcriptional activation 

function is associated with its amino-terminal 
transactivation domain (TAD). The interaction between the 
TAD of p53 and the general transcription factor TFIIH is 
correlated with the ability of p53 to stimulate both the 
initiation and elongation phase of transcription. Starting 
from our NMR structure1 of the p53/TFIIH complex, the 
aim of this research is to design short peptides and small 
molecules that are able to modulate the interaction as 
potential drugs treatment of some leukemias and 
neurodegenerative diseases.  
1. Di Lello P, Jenkins LM, Jones TN, Nguyen BD, Hara T, 
Yamaguchi H, Dikeakos JD, Appella E, Legault P, 
Omichinski JG. Mol Cell. 2006, 22, 731-40. 
 
P265. Abstract number: 442 
Anti-Plasmodium Effects of Angiotensin II Analogues 
VXOJR Oliveira-Junior1, M Chamlian1, CM Maciel2, ML 
Capurro2, A Miranda3

1Universidade Federal do ABC, SANTO ANDRÉ, Brazil 
2Universidade de São Paulo, SÃO PAULO, Brazil 
3Universidade Federal de São Paulo, SÃO PAULO, Brazil 
Malaria is a major parasitic disease affecting around 300-
500 million people in the world. The efforts to control this 
disease are hampered by drug resistance in parasites, 
insecticide resistance in mosquitoes, and the lack of an 
effective vaccine. Recently, we performed a study, which 
showed that the Angiotensin II (AII) and some analogues 
are highly active against immature and mature sporozoites 
of Plasmodium gallinaceum. In an attempt to increase the 
biological activity, we synthesized and tested two series of 
AII analogues with an i-(i+2) and i-(i+3) lactam bridge 
scaffold. Analogues were synthesized by solid phase 
method on Merrifield’s resin and cyclized using activator 
BOP reagent. Peptides were cleaved from the resin using 
HF anhydrous, purified by RP-HPLC and characterized by 
mass spectroscopy, amino acid analysis and capillary 
electrophoresis. In the bioassays experiments the 
sporozoites showed nuclear fluorescence, indicative of cell 
damage, after 60 minutes incubation with cyclic analogues 
VC-5, VC-17 and VC-19, which present the introduction of 
the side-chain to side-chain bridging element in the N-
terminal portion, and with the linear peptides VC-12, VC-26 
and VC-28, that present the insertion of Asp and Lys 
residues in the C-terminal portion. These results suggest 
that the position of the lactam bridge in the sequence is 
important for the association of the molecule with the 
sporozoite membrane; and that biological effect could be 
increase with the addition of charged residues. This kind of 
approach may offer the basis for development the new 
drugs for malaria prevention and chemotherapy.  
Supported by FAPESP, CNPq and CAPES. 
 
P266. Abstract number: 443 
CAL-selective PDZ Inhibitors to Treat Cystic Fibrosis: 
A SPOT-Synthesis Based Study 
LV Vouillème1, PR Cushing2, DR Madden2, R Volkmer1, P 
Boisguérin1

1Charite - Universitätsmedizin Berlin, BERLIN, Germany 
2Department of Biochemistry - Dartmouth Medical School, 
HANOVER, United States of America 
The cystic fibrosis transmembrane conductance regulator 
(CFTR) is an epithelial chloride channel mutated in patients 
with cystic fibrosis. Its expression and functional 
interactions in the apical membrane are regulated by 
several PDZ domain containing (PSD-95, disc large, 
zonula occludens 1) proteins. In particular, the CFTR-
associated ligand (CAL) limits cell-surface expression of 
the most common disease-associated mutant ∆F508-
CFTR by lysosome targeting [1, 2] whereas the Na+/H+ 
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Exchanger-3 Regulatory Factors 1 and 2 (NHERF1, 2) 
increase CFTR-mediated chloride efflux [3]. We are looking 
for a molecular inhibitor of the ∆F508-CFTR/CAL 
interaction, which would significantly increase the plasma 
membrane lifetime of ∆F508-CFTR and therefore reduce 
the pathogenicity of Cystic Fibrosis. To be most effective, 
such a bioactive peptide should competitively bind the 
CAL-PDZ domain binding pocket without interfering with 
the favourable interactions between the ∆F508-CFTR and 
NHERF1 and NHERF2, respectively. Starting from a library 
of 6223 peptides with free C-termini synthesized by our 
modified SPOT synthesis, we found new CAL ligands 
which indeed have higher binding affinities as the wt-
CFTR. By combining different peptide libraries (e.g. 
combinatorial libraries, substitutional analyses, profile 
libraries), we could further optimize the CAL ligands to CAL 
specific inhibitors, which are able to increase Cl--efflux on 
the plasma membrane. In vitro pull-down assays and mass 
spectrometry analysis indicate this peptide inhibitors are 
potent and selective for endogenous CAL. Finally, the 
validations of our experiments were performed by means 
of fluorescence polarisation assays (Kd-/Ki-
measurements). The received results lead to the 
assumption that we are heading in the right direction 
towards reducing the pathogenicity of Cystic Fibrosis by a 
peptide based pharmacological approach.  
1. Cheng, J. et al. (2002) J. Biol. Chem. 277, 3520.  
2. Wolde, M. et al. (2007) J. Biol. Chem. 282, 8099  
3. Guggino, W.B. & Stanton, B.A. (2006). Nat. Rev. 
Mol. Cell Biol. 7, 426.  
 
P267. bstract number: 446 
Development of peptide immunogens for anti-HCV 
candidate vaccine 
F. Kolesanova, T Farafonova, A Moisa, N Pyndyk, B 
Sobolev, A Archakov 
Institute of Biomedical Chemistry RAMS, MOSCOW, 
Russia 
Hepatitis C virus displays a high genetic and antigenic 
variability thus presenting a great challenge for a vaccine 
elaboration. A joint application of bioinformatics and 
proteomics approaches and chemical synthetic methods 
has been required for the development of synthetic peptide 
immunogens for a candidate vaccine against hepatitis C. 
Data mining regarding sequences of hepatitis C virus 
(HCV) envelope proteins, analysis of their primary 
structures allowed us to reveal several conserved sites that 
could be used as antigenic determinants able to raise 
isolate-non-specific antibodies. Though these conserved 
sites were shown to possess a weak immunogenicity as 
parts of full-size HCV envelope proteins, their 
immunogenicity was improved by linking to a T helper 
epitope. Sites with predicted overlapped T helper epitopes 
specific towards different human II class Major 
Histocompatibility Complex allele variants were revealed in 
HCV envelope proteins. Six artificial peptide constructs 
each composed of one putative B-epitope and one 
predicted T helper epitope linked with a short spacer were 
designed and synthesized. These peptide constructs 
demonstrated rather high immunogenicity in laboratory 
animals and the ability to raise antibodies reactive with 
HCV envelope protein E2 and E1E2 heterodimer. The 
peptide constructs were shown to form multimers in buffer 
solutions thus improving the stability of peptide 
preparations and enhancing their immunogenicity. 
 
P268. Abstract number: 465 
Targeted platinum peptide complexes holding 
diamino-dicarboxylic coordination modes 

A. G. Glowinska1, A Lesniak2, M Lazarczyk2, E Matyja2, 
AW Lipkowski2, A Misicka1

1Warsaw University Faculty of Chemistry, WARSAW, 
Poland 
2Medical Research Centre, Polish Academy of Sciences, 
WARSAW, Poland 
Applying of biologically active carrier ligands into platinated 
drug moieties generates a significant challenge in 
anticancer chemotherapy. Such outcome offers presented 
in the past [1, 2] potential chance for selective delivery 
systems and targets presumed cancer pain reduction. 
Deliberatelly pointed overexpression of opioid receptors at 
cancer cells [3] traces an address for pharmacophore 
carrier ligand ipso facto introduces potential selective 
activity. Therefore previously proposed combining of opioid 
pharmacophore with platinum ion chelating units 
presumably creates a promising bifunctional tool 
maintaining anticancer and antinociceptive properties.  
Implementing verified conjugating chains, combining both 
fragments, may modulate discovered activity aspects. 
Proposed modification is expected to retain drug affinity to 
opioid receptors however may change cytotoxic properties 
of proposed bifunctional molecules consisiting of two 
fragments described above.  
Hereby we present parallel systems bearing hybride 
molecules with contrary (lipophilic or hydrophilic) linkers 
combining pharmacophore fragment with inorganic moiety 
of ligand chelating platinum(II) ion. Proposed modification 
is expected to influence drug properties and activity. 
Additionally coordination mode through dicarboxylic acid’s 
moieties should contribute to increased solubility in water 
systems and is believed to affect lability of stable diamino-
platinum unit in the designed bifunctional structures.  
[1] Głowi'ska A., Tomczyszyn A., Kosson P., Matali'ska J., 
Lipkowski A. W., Misicka A., Proceedings 30th EPS, 2008, 
2-21-197, 404  
[2] Misicka A., Głowi'ska A., Kali'ska K., Jaworski K., 
Tomczyszyn A., Łazarczyk M., Matyja E., Kosson P., 
Lipkowski W. A., XX Polish Peptide Symposium; Gda'sk 
2009  
[3] Hatzoglou, A.; Gravanis, A.; Margioris, A. N.; Zoumakis, 
E.; Castanas, E.; J. Clin. Endocrinol Metab., 80, 418-423, 
1995 
 
P269. Abstract number: 484 
Tachykinin receptors' ligands as platinum ion carriers 
for anticancer therapy 
AT Tomczyszyn1, A Glowinska1, A Wojcik1, G Toth2, AW 
Lipkowski3, A Misicka1

1Warsaw University, Faculty of Chemistry, WARSAW, 
Poland 
2Biological Research Center, Hungarian Academy of 
Sciences, SZEGED, Hungary 
3Medical Research Center, Polish Academy of Sciences, 
WARSAW, Poland 
 
Tachykinins belong to the family of neuropeptides and are 
characterized by a common C-terminal sequence, Phe-X-
Gly-Leu-Met-NH2, where X is lipophilic amino acid either 
an aromatic or an aliphatic. Substance P, neurokinin A, 
neurokinin B and hemokinin are examples of these 
peptides. They interact with specific membrane proteins, 
belonging to the family of G protein-coupled cell membrane 
receptors. Tachykinins are involved in broad spectrum of 
normal neuromodulatory functions as well as pathological 
cancer self-activation. Additionally substance P 
responsibles for transmission of pain information in the 
central nervous system. Therefore, tachykinin receptors’ 
antagonists are promising, therapeutically relevant agents. 
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In reference to the fact of tachykinin receptors’ 
overexpression in tumor cells, applying of these 
compounds may contribute to improved drug selectivity, 
the same decrease toxicity.  
Our aim is to synthesize platinum (II) complexes with 
analogues of substance P receptors’ antagonists as an 
address part of our molecule. Such compounds could 
serve as carriers for platinum ions. The general molecule 
consists of pharmacophore for substance P receptors and 
fragment responsible for platinum ion complexation.  
 
P270. Abstract number: 492 
Preclinical pharmacokinetics of myrcludex B, a novel 
entry inhibitor for the treatment of HBV infections 
W Mier1, A Schieck1, A Meier2, T Müller1, U Haberkorn1, S 
Urban2

1University Hospital, HEIDELBERG, Germany 
2Department of Infectious Diseases, University Hospital 
Heidelberg, HEIDELBERG, Germany 
The currently approved therapies for chronic Hepatitis B 
either block reverse transcription of the HBV-pregenomic 
RNA in infected hepatocytes (reverse transcriptase 
inhibitors) or stimulate the immune system by 
IFN�/pegIFN�. Both strategies show limitations as they 
are non-curative and in the case of nucleoside analoga the 
application provoke the development of drug-resistant virus 
strains. We have previously shown that HBV large 
envelope protein-derived lipopetides efficiently block HBV 
entry into hepatocytes in vitro and in vivo. As these 
peptides address a cellular substructure they show 
promise to inhibit the infection by a different pathway. 
Myrcludex B, the lead substance, is a first-in-class HBV 
entry inhibitor currently progressing to clinical application.  
For pharmacokinetic studies Myrcludex B was radioactively 
labeled and the organ distribution in mice was investigated. 
The results obtained reveal a rapid and exclusive 
distribution of Myrcludex B and related preS lipopeptides to 
the liver. Mutational analyses showed that both, 
myristoylation and a conserved seven amino acid 
sequence motif are crucial for the exclusive liver 
accumulation. The process is highly specific and differs 
from constitutive hepatic delivery via the blood, since single 
amino acid exchanges within the conserved motif resulted 
in a total loss of the specificity.  
In vivo studies in rats and dogs again demonstrated the 
exclusive liver targeting, obviously encompassing a 
species-independent determinant of hepatotropism. 
Surprisingly, cynomolgus monkeys did not show any 
preference of the radiolabelled peptide for the liver. It was 
uniformly distributed and rapidly renally excreted. In 
correlation, in vitro experiments confirmed highly specific 
binding of Myrcludex B to mouse, rat, dog and human 
hepatocytes whereas cynomolgous and rhesus monkey 
hepatocytes did not show any specificity. As human 
hepatocytes show a strong binding of Myrcludex B and 
because of the coherence of in vivo and in vitro data we 
assume a rapid and exclusive accumulation of Myrcludex 
B to the human liver both after intravenous and 
subcutaneous injection.  
Myrcludex B is a new antiviral drug that targets and 
inactivates the HBV-preS1-specific receptor. Its high 
potency to block a HBV infection combined with its 
excellent pharmacokinetic properties and its low toxicity 
makes it a promising therapeutic option for acute and 
chronic HBV infections. 
 
P271. Abstract number: 493 

DhHP-6 protects H9c2 cells cardiomyocyte against 
oxidative injury by up regulating SIRT1 expression and 
deacetylase activity 
S Guan 
College of Life Science, Jilin University, CHANGCHUN, 
China 
SIRT1, an NAD+-dependent (nicotinamide adenine 
dinucleotide) deacetylase, can protect cells from stress-
induced apoptosis and delay aging in lower eukaryotes. 
DhHP-6 (Deuterohaemin-AlaHisThrValGluLys) is a 
porphyrin-peptide designed and synthesized in our 
laboratory. DhHP-6 has been demonstrated to exert anti-
cataract activity in vitro and significant cardio protective 
effects against myocardial ischemia reperfusion injury in 
rats previously. Here, we investigate the protective effects 
and potential molecular mechanism of DhHP-6 on 
cardiomyocytes against oxidative injury. We found that the 
mRNA expression level of sirt1 was much higher in 
treatment groups by real time RT-PCR. Western blot 
analysis and deacetylase activity test showed that SIRT1 
expression and deacetylase activity was higher in DhHP-6 
treatment groups than in control groups. P53 is a very 
important nature substrate of SIRT1, and Western blot 
analysis showed that p53 acetylating was decreased by 
DhHP-6 treated. It indicates that DhHP-6 treatment can 
increase SIRT1 deacetylase activity in H9c2 cells 
cardiomyocyte. DhHP-6 can not protect H9c2 cells 
cardiomyocyte against oxidative injury anymore when NAM 
(nicotinamide, SIRT1 inhibitor) was added, showing that 
this protection by DhHP-6 was related with the activity of 
SIRT1 protein. In summary, these data indicate that DhHP-
6 protect H9c2 cells cardiomyocyte against oxidative injury 
by up regulating SIRT1 expression and deacetylase 
activity. 
 
P272. Abstract number: 521 
Synthesis of a PEG conjugated HIV Gp41 MPER 
fragment: a new Gp41 helix bundle mimic 
M. D'Ursi1, M Grimaldi2, A Mastrogiacomo1, G Sabatino3, F 
Rizzolo3, S Giannecchini4, P Rovero3

1University of Salerno, FISCIANO, Italy 
2Dipartimento di Scienze Farmaceutiche, UNIVERSITÀ DI 
SALERNO, Italy 
3Laboratory of Peptide & Protein Chemistry & Biology, Polo 
Scientifico e Tecnolog, FIRENZE, Italy 
4Dipartimento di Sanità pubblica, FIRENZE, Italy 
Human Immunodeficiency Virus (HIV), responsible for 
acquired immunodeficiency syndrome (AIDS), perform cell 
entry via a molecular mechanism involving viral Env 
glycoproteins with the final fusion mediated by the surface 
glycoproteins Gp41. The global architecture of Gp41 
consists of a transmembrane (TM) region separating the 
cytoplasmic domain from the ectodomain enclosing the 
membrane-proximal external regions (MPER) directly 
involved in the virus cell fusion. In particular the fusion 
mechanism occurs through conformational changes of 
three Gp41 with the interaction of three Gp41 N-terminal 
helices forming a highly stable six helix bundle and the 
MPER effecting the events that occur after merging of the 
viral and cell membrane.  
Peptides deriving from MPER in the ectodomain of TM 
glycoprotein are able to prevent HIV cell membrane fusion 
[1], and one of these, formerly peptide T-20, is clinically 
used as anti HIV fusion inhibitors [2]. It was recently shown 
that polyethylene glycol (PEG) conjugated dimeric and 
trimeric fusion inhibitors, selected from a combinatorial 
peptide database, to mimic the Gp41 trimeric helix bundle, 
were characterized by a significant increased in antiviral 
potency [3].  
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We recently synthesized and tested for antiviral activity, 
EPK249 a Trp rich peptide corresponding to residues 666-
681 of Gp41 MPER. EPK249 displayed weak in vitro 
antiviral activity. Here we present the synthesis of PEG 
conjugated dimers and trimers of EPK249 designed in the 
attempt to achieve, according to the previous reported 
strategy, an improvement in the antiviral, fusion inhibitory 
activity.  
[1] Jin B., Jin S., Ryu R., Ahn K., Yu Y.G., (2000) AIDS 
Res. Hum. Retroviruses 16, 1797 1804.  
[2] Kilby J.M., Lalezari J.P., Eron J.J., Carlson M., Cohen 
C., Arduino R.C., Goodgame J.C., Gallant J.E., Volberding 
P., Murphy R.L., Valentine F., Saag M.S., Nelson E.L., 
Sista P.R., Dusek A., (2002) AIDS Res Hum Retroviruses 
18(10), 685-93.  
[3] Welch B.D., VanDemark A.P., Heroux A., Hill C.P., Kay 
M.S., (2007) Proc. Natl. Acad. Sci. 104(43), 16828-33. 
 
P273. Abstract number: 526 
Chemical modification of natural immunomodulators 
tuftsin and muramyl dipeptide significantly influence 
their biological activity 
A Wardowska1, K Dzierzbicka2, M Rogalska1, P 
Trzonkowski1
1Lab. of Clinical Immunology and Transplantology, Medical 
University of Gdansk, GDANSK, Poland 
2Department of Organic Chemistry, Technical University of 
Gdansk, GDANSK, Poland 
Tuftsin and muramyl dipeptide (MDP) are well known 
particles displaying various immunomodulatory properities. 
Although those compounds are known since 1970s, they 
are still among the most interesting elements exerting 
influence on the activity of immune system. Many different 
analogues of both immunomodulators have been already 
designed, synthesized and examined in terms of their 
biological activity. Due to all those analysis it was possible 
to confirm that even small changes in the chemical 
structure can significantly influence immunostimulatory 
properties of synthesized analogues of natural biologically 
active compounds.  
For many years we have been interested in analyzing 
analogues of tuftsin and MDP as potent immunostimulators 
with possible antibacterial properties. The newest group of 
synthesized compounds are conjugates of MDP or it’s less 
toxic analogue - nor-MDP with either tuftsin or retro-tuftsin.  
The aim of this study was to asses the influence of the 
synthesized compounds on the viability of white blood 
cells: either heterogenous population of peripheral blood 
mononuclear cells or peripheral blood leukocytes and 
isolated monocytes. The next step was to asses the 
observed influence on immune cells by determining the 
cytokine profile stimulated by the examined compounds. 
We analyzed three cytokines: two proinflammatory - 
interleukin 6 and tumor necrosis factor alpha, as well as 
anti-inflammatory -interleukin 10.  
The preliminary viability studies show, that conjugates with 
retro-tuftsin do not influence the viability of white blood 
cells in comparison to unstimulated cells. Moreover, those 
conjugates express a tendency to slightly increase 
percentage of viable cells in tissue cultures. Interestingly, 
the highest concentration of all examined compounds - 
1mg/ml - is the most cytotoxic one, as the viability of blood 
cells incubated with this concentration was visibly 
decreased.  
We assume that the analysis of the cytokine profile will 
confirm our assumption that examined conjugates of tuftsin 
and MDP are capable of activating antibacterial 
mechanisms by switching on Th1 immune response.  

The above mentioned analysis of new immunomodulating 
molecules is extremely important in a continuing pursuit for 
potent antibacterial compound with potential usefulness in 
treatment of severe bacterial infections.  
 
P274. Abstract number: 528 
D-Amino Acids Containing Temporin L Analogues  
PG Grieco1, E Novellino1, L Auriemma1, I Monterrey-
Gomez1, A Carotenuto1, ML Mangoni2, P Campiglia3, L 
Marcellini Hercolani Gaddi2, MR Saviello1, S Di Maro1

1University of Naples Federico II, NAPLES, Italy 
2II Facoltà di Medicina e Chirurgia, University of Rome „La 
Sapienza, ROME, Italy 
3University of Salerno, SALERNO, Italy 
Temporins are antimicrobial peptides (AMP’s) isolated from 
the skin of Red European frog ”Rana temporaria”. They are 
active particularly against Gram-positive bacteria, Candida 
species, fungi. They have the ability to bind and permeate 
both artificial and biological membranes.  
We have recently investigated two members of this AMP 
family Temporin L and Temporin A [1,2]. At the same time, 
we developed new analogues of these peptides, among 
which Pro3TL (FVPWFSKFLGRILNH2) exhibiting a higher 
antimicrobial activity and a lower hemolytic activity than the 
native peptide TL. New analogues of Pro3TL, where C-
terminal residues were replaced one-by-one by D-amino 
acid, are now tested and analysed by NMR techniques.  
[1] Carotenuto, A.; Malfi, S.; Saviello, M.R.; Campiglia, P.; 
Gomez-Monterrey, M.I.; et.al. J. Med. Chem., 51, 2354 
(2008).  
[2] Saviello, M.R.; Malfi, S.; Campiglia, P.; Cavalli, A.; 
Grieco, P. Novellino, E.; Carotenuto, A. Biochemistry, 49, 
1477 (2010). 
 
P275. Abstract number: 529 
A novel tetrabranched antimicrobial peptide that 
neutralizes bacterial lipopolysaccharide and prevents 
septic shock in vivo. 
AP Pini, C Falciani, S Bindi, J Brunetti, B Lelli, E 
Mantengoli, L Lozzi, S Scali, GM Rossolini, L Bracci 
University of Siena, SIENA, Italy 
A novel synthetic antimicrobial peptide selective for Gram-
negative bacteria is described. The peptide (KKIRVRLSA; 
M33) was obtained by the selection of a large phage library 
and sequence optimization by rational aminoacid 
modification. These improvements allow to produce a very 
stable peptide with high antibacterial activity for Gram-
negative bacteria.  
M33 was synthesized in the branched Multiple Antigen 
Peptide form, that we had previously demonstrated to 
induce general peptide resistance to proteolysis, making 
this kind of molecules very suitable for in vivo use. 
Branched M33 resulted markedly selective for Gram-
negative bacteria showing low Minimal Inhibitory 
Concentrations for multi-drug resistant clinical isolates of 
Pseudomonas aeruginosa, Klebsiella pneumoniae, 
Acitenobacter baumannii and other bacteria. We 
demonstrated that M33 shows a poor toxicity for eukaryotic 
cells, it binds LPS and DNA and it does not produce 
appreciable haemolysis even upon prolonged incubation. 
We also evaluated M33 toxicity in vivo and we 
demonstrated that it is not immunogenic upon repeated 
injections in animals.  
We also report that M33 is able to neutralize LPS derived 
by Pseudomonas aeruginosa and Klebsiella pneumoniae 
preventing TNF-alpha release from LPS activated 
macrophages. This is of great interest because main 
sepsis symptoms are triggered by LPS release from 
lysated Gram-negative bacteria. In this respect, peptides 
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which are not only bactericidal, but also effectively 
neutralize LPS, are of considerable importance in 
combating sepsis.  
We also describe results on tetra-branched M33 in vivo 
activity. The peptide resulted capable to avert septic shock 
symptoms, and consequently death, in animals infected 
with reference strains and multi-drug resistant clinical 
isolates of E. coli and Pseudomonas aeruginosa, when 
administered in doses comparable to traditional antibiotics 
and compatible to a clinical use.  
M33 peptide is currently under investigation for the cure of 
severest symptoms due to Pseudomonas lung infections in 
Cystic Fibrosis.  
Pini et al., Antimicrob Agents Chemother, 2005  
Pini et al., J Pept Sci, 2007  
Falciani et al., Chem Biol Drug Des, 2007  
Pini et al., FASEB J, 2010 
 
P276. Abstract number: 531 
Conjugates of tuftsin and muramyl dipeptide as 
stimulators of monocyte-derived dendritic cells 
A Wardowska1, K Dzierzbicka2, A Menderska1, P 
Trzonkowski1
1Lab. of Clinical Immunology and Transplantology, Medical 
University of Gdansk, GDANSK, Poland 
2Department of Organic Chemistry, Technical University of 
Gdansk, GDANSK, Poland 
Dendritic cells, as professional APC (antigen presenting 
cells) play a role of a linkage between innate and adaptive 
immune response. Those cells have been widely and 
extensively studied as a potential tools in therapy of 
several severe diseases. They also seem promising in 
solid organ transplantology as cells able to delay or even 
prevent transplant rejection. But before those cells are 
used in above mentioned fields of medicine, they need to 
be properly stimulated to exert the desired properties. 
There are many studies trying to determine the stimulators 
of dendritic cells, among them there are natural 
immunomodulators. It has been already proven that 
muramyl dipeptide and its analogues can accelerate 
maturation and activation of dendritic cells. But we were 
curious whether conjugates of muramyl dipeptide and 
tuftsin synthesized in our laboratory can be more powerful 
in modulating activity of that APC population.  
To acquire more knowledge about the influence of the 
conjugates of muramyl dipeptide and tuftsin on the 
reactivity of dendritic cells, we expanded those cells from 
human isolated monocytes by tissue culture supplemented 
with GM-CSF and IL-4. The obtained immature dendritic 
cells were then stimulated with the examined compounds 
and their level of maturation and activation was assessed 
by flow cytometry the next day. We compared all our 
results to a known dendritic cell stimulator - 
lipopolysaccharide.  
Our preliminary results show, that muramyl dipeptide is 
comparable in terms of activating dendritic cells, to strong 
stimulator - LPS. Tuftsin proves to be much less active 
then both muramyl dipeptide and lipopolysaccharide. The 
results obtained for tuftsin are extremely important, as no 
one before has published any observation of dendritc cells 
stimulated with this tetrapeptide. The other examined 
compounds, the conjugates of muramyl dipeptide and 
tuftsin, seem to keep balance between the activity of both 
native immunomodulators. The most promising compound 
are to be examined more extensively in nearest future, 
probably both in vitro and in vivo.  
 
P277. Abstract number: 534 

Synthesis Of Peptide Analogs Of The A2 Subunit 
(Sequence 558-565) Of The Factor FVIIIa Of Blood 
Coagulation 
G.S. Stavropoulos, C Anastasopoulos, Y Sarigiannis 
Department of Chemistry University of Patras, PATRAS, 
Greece 
It is known that platelets aggregation causes clotting in the 
blood vessels during the blood circulation due to several 
reasons. The clots formation is prevented by using 
anticoagulant drugs. On the other hand the coagulation of 
blood is important for the precaution of an organism from 
bleedings and takes place through a process of thrombin 
production. Factor VIII (FVIII) is a key component of the 
fluid phase of the blood coagulation and is comprised of a 
heavy (A1-A2-B) and a light (A3-C1-C2) peptide chain, 
which are efficiently cleaved by proteases at three sites, 
two within the heavy and one within the light chain resulting 
in alteration of its covalent structure and conformation. This 
proteolytic cleavage is caused by thrombin or by factor Xa. 
Thrombin production is depended on FIXa, which plays a 
crucial role in curtailing of thrombin generation and 
accordingly on the additional activation of platelets. 
Peptides which are expected to inhibit selectively the 
maximization of thrombin production are based on the 
regions in which the FVIII interacts with the FIX. These 
both factors are essential for normal coagulation and 
deficiency of either is associated with the bleeding 
diathesis. Based on the acceptance that the sequence 
558-565 of the A2 subunit domain of FVIIIa interacts with 
FIXa, our research efforts focus on the synthesis of linear 
and cyclic head to tail peptides and peptidomimetics, 
analogs of this sequence, aiming at the inhibition of 
interaction between FVIIIa and FIXa, in order to suspend 
the platelets adhesion and furthermore the thrombin 
production.  
The synthesized peptide analogs are investigated for their 
inhibitory activity and tested for clotting deficiency by 
measuring their activated partial thromboplastin time 
(APTT) in seconds and the reduction of the % value of the 
FVIIIa that they generate in samples containing 
recombinant FVIIIa, in vitro.  
Ser558-Val559-Asp560-Gln561-Arg562-Gly563-Asn564-
Gln565-OH (10.7)  
Ser558-Val559-Asp560-Gln561-Arg562-Gly563-Asn564-Gln565-ΝH2 
(15.7)  
Ser558-Val559-Asp560-Gln561-Arg562-Gly563-Asp564-Gln565-OH 
(12.2)  
Ser558-Val559-Asp560-Gln561-Arg562-NPhe563-Asn564-Gln565-
OH (5.4)  
Cyclo[-Ser558-Val559-Asp560-Gln561-Arg562-Gly563-Asn564-
Gln565] (10.8)  
Gln561-Arg562-NPhe563-Asn564-Gln565-OH (7.3)  
Arg562-NPhe563-Asn564-Gln565-OH (13.1)  
NPhe563-Asn564-Gln565-OH (5.5) 
 
P278. Abstract number: 540 
Synthesis and biological evaluation of novel 
peripherally active morphiceptin analogs 
GK Gach1, JC Do-Rego2, J Fichna1, G Toth3, A Janecka1

1Medical University of Lodz, LODZ, Poland 
2Laboratoire de Neuropsychopharmacologie 
Expérimentale, Université de Rouen, ROUEN, France 
3Biological Research Centre of Hungarian Academy of 
Sciences, SZEGED, Hungary 
Morphiceptin (Tyr-Pro-Phe-Pro-NH2), a tetrapeptide 
present in the enzymatic digest of bovine β-casein, is a 
selective ligand of the µ-opioid receptor. In the present 
study, we describe the synthesis of a series of novel 
morphiceptin analogs modified in positions 1, 2 and 3. Two 
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of the obtained analogs, [Dmt1, D-Ala2, D-1-
Nal3]morphiceptin and [Dmt1, D-NMeAla2, D-1-
Nal3]morphiceptin (Dmt - 2’,6’-dimethyltyrosine and D-1-
Nal - 3-(1-naphthyl)-D-alanine) displayed very high µ-
receptor affinity, resistance to enzymatic degradation, and 
remarkable supraspinally-mediated analgesia, as shown in 
the hot-plate test after intracerebroventricular but not 
intravenous administration, which indicated that they could 
not cross the blood-brain barrier. Therefore, these two 
analogs were further tested in vitro and in vivo towards 
their possible peripheral analgesic activity and inhibitory 
effect on gastrointestinal (GI) motility. We report that both 
peptides showed strong antinociceptive effect in the 
writhing test after intraperitoneal administration, inhibited 
smooth muscle contractility in vitro and GI motility in vivo. 
Taken together, these findings indicate that the novel 
morphiceptin analogs which induce peripheral, but not 
central antinociception, inhibit GI transit, and possess 
exceptional metabolic stability, may provide an interesting 
approach to the development of peripherally-restricted 
agents for the treatment of GI motility disorders, such as 
diarrhea or diarrhea-predominant irritable bowel syndrome 
(IBS-D). To date, no therapeutic agent was shown to be 
consistently effective in the treatment of IBS-D and the 
majority is directed mainly at the relief of individual 
symptoms, which include altered intestinal motility and 
visceral hypersensitivity. Hence a need for new treatment 
options for this highly prevalent disease.  
 
P279. Abstract number: 541 
Peptides versus Nonpeptides as Therapeutics: An 
Exciting Challenge for Big Pharma 
M Manning, S Stoev, K Bankowski 
University of Toledo College of Medicine, TOLEDO,OHIO, 
United States of America 
Peptides were abandoned by Big Pharma in favor of small 
molecule approaches to drug discovery, almost two 
decades ago. During this period, the peptide field has been 
under constant siege by the illusionary promise of non-
peptides: highly touted by Big Pharma and endorsed by 
non-expert opinion makers in countless derivative reviews 
in clinical journals, claiming that non-peptides are superior 
to peptides as therapeutic agents; thereby obscuring, in 
Board Rooms, Study Sections and Grant Review Panels 
alike, the exciting re-emergence of peptides as therapeutic 
agents. The need for the peptide community to finally set 
the record straight and to dispel, for once and for all, the 
myth of the superiority of non-peptides over peptides, 
(which may had some merit twenty years ago but clearly is 
no longer tenable), has been addressed, with examples 
from the vasopressin/oxytocin field, in a recent issue of the 
EPS Newsletter (1). In this presentation, the authors will 
illustrate the superiority of peptides over non-peptides as 
therapeutic agents and as pharmacological tools, by more 
fully documenting the failures of non-peptides in the clinic 
during the past two decades, while up-dating the striking 
advances in the development of peptides as therapeutic 
agents (2,3). These developments represent an exciting 
opportunity for Big Pharma; to once again embrace the 
challenge offered by the enormous, emerging therapeutic 
potential of peptides. Quo vadis now Big Pharma?  
1. M. Manning. European Peptide Society Newsletter (Ed. 
P. Cordopatis, Jan. 2010, p. 14).  
2. M. Manning, S. Stoev, B. Chini, T. Durroux, B. Mouillac 
and G. Gillon. Prog. Brain. Res. 170:437-512, 2008.  
3. P. Vlieghe, V. Lisowski, J. Martinez and M. 
Khrestchatisky. Drug Discovery Today 15:40-56, 2010. 
 
 

P280. Abstract number: 581 
Synthesis and Bioanalysis of Insulin Analogs with 
Altered Secondary Structure 
A Mroz, J Han, VG Gelfanov, RD DiMarchi 
Indiana University -Bloomington, BLOOMINGTON, United 
States of America 
Insulin is a hormone of central importance in physiological 
management of blood glucose. It is the primary therapeutic 
agent in managing Type1 diabetes, and it is also 
commonly used in treatment of Type2 diabetes. The 
central α-helix of the insulin B-chain and the two smaller A-
chain helixes are crucial for the structural stability of the 
hormone and its biological activity. Previous studies have 
investigated numerous amino acid changes with a 
particular emphasis on natural amino acids. The reported 
results while informative are highly restrictive in the depth 
and breath of secondary structural change explored given 
the limited structural diversity of natural amino acids. 
However, these analogs are easier to obtain since the vast 
majority can be prepared by rDNA methods where the 
native conformation is directed by biosynthesis of the 
native three disulfides. We report here results of our 
synthesis and bioanalisis of novel synthetic insulin analogs. 
Insulin analogs with select helix stabilizing elements such 
as substitution with an Aib residue, salt bridge insertion 
and backbone stapling were synthesized via a 1+2 chain 
combination procedure. In the first step partially protected 
B-chain (B19Cys-Acm) is treated with DNTP to form the 
Npys-activated derivative. The chain combination is 
achieved by reacting the activated B-chain with selectively 
protected A-chain derivatives (A6,11,20Cys-Acm). The 
insulin analog is obtained by iodine-mediated oxidative 
deprotective-folding, in concentrated acetic acid. Sequence 
dependent, synthetic difficulties were encountered at 
various synthetic steps and most notably for macrocyclized 
analogs. Most of the insulin analogs demonstrated 
increased helical content. No clear, consistent correlation 
between bioactivity, biostability and secondary structure 
was observed. 
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P281. Abstract number: 16 
Structural and Functional Analyses of Repeating 
Resion of Apidaecin 
JK Bang, Y Jeon 
Korea Basic Science Institute, CHUNGBUK, South-Korea 
Drug resistance is a major obstacle to successful 
antibacterial chemotherapy. With the emergence of 
antimicrobial-resistant bacterial strains, the current drug 
families start to fail, and there is an urgent need for 
alternative agents, preferably with novel modes of action 
that will prevent bacteria from mounting a quick response 
and building resistance. Small cationic antimicrobial 
peptides (AMPs) are evolutionarily ancient components of 
the host defense system of many different unicellular and 
pluricellular organisms, from bacteria to plants, insects, 
fish, amphibians, birds, and mammals, including humans. 
Apidaecins are the largest group of proline-rich 
antimicrobials known and major humoral components 
induced in honeybee lymph upon bacterial infection. They 
were the first to be studied in detail with respect to the 
mechanism and the identity of the amino acid residues 
responsible for the antibacterial action. The 
pharmacophore delivery unit architecture has been 
proposed to be a general feature of the proline-rich 
antibacterial peptide family. However, despite a wealth of 
information on the amino acid residues important for 
function, little is known about the pharmacophore delivery 
unit architecture of Apidaecin. So, in this research, full 
sequence of apidaecin and fragments that were gradually 
removed from N-terminal to C-terminal were synthesized 
and studied their growth inhibitory ability against microbial 
organism in order to identify the functional region and 
secondary structure. The results obtained from the 
fragments PR-1, PR-2 and PR-3, synthesized based on 
the repeating region in apidaecin (Pro-Arg-Pro, Pro-His-
Pro) show that the PR-2 (trimer of the repeating region) 
has similar antibacterial activity like the full sequence of 
apidaecin. Moreover, PR-2 and PR-3 show more potent 
activity even in other gram-negative bacteria like 
P.aeruginosa and P.vulgaris. 
 
P282. Abstract number: 22 
Fluctuations and the rate-limiting step of peptide-
induced membrane leakage 
L. Stella1, C Mazzuca1, B Orioni1, M Coletta2, F 
Formaggio3, C Toniolo4, G Maulucci5, M De Spirito5, B 
Pispisa1, M Venanzi1
1Università di Roma Tor Vergata, Dipartimento di Scienze 
e Tecnologie Chimiche, ROMA, Italy 
2Università di Roma Tor Vergata, Dipartimento di Medicina 
Sper. e Sc. Biochim., ROMA, Italy 
3Università di Padova, Dipartimento di Scienze Chimiche, 
PADOVA, Italy 
4Università di Padova, Dipartimento di Scienze Chimiche,, 
PADOVA, Italy 
5Università Cattolica del Sacro Cuore, Istituto di Fisica, 
ROME, Italy 
Peptide-induced vesicle leakage is a common 
experimental test for the membrane-perturbing activity of 
antimicrobial peptides. The leakage kinetics is usually very 
slow, requiring minutes to hours for complete release of 
vesicle contents, and exhibits a biphasic behavior. We 
report here that, in the case of the peptaibol trichogin GA 
IV, all processes involved in peptide-membrane interaction, 
such as peptide-membrane association, peptide 
aggregation, and peptide translocation, take place in a 
time-scale much shorter than the leakage kinetics. On 
these bases, we propose a stochastic model in which the 
leakage kinetics is determined by the discrete nature of a 

vesicle suspension: peptides are continuously exchanging 
among vesicles, producing significant fluctuations over 
time in the number of peptide molecules bound to each 
vesicle, and in the formation of pores. According to this 
model, the fast initial leakage is caused by those vesicles 
which, after the random distribution of peptides among 
liposomes, already contain at least one pore, while the 
slower release is associated to the time needed in an intact 
vesicle to occasionally reach the critical number of bound 
peptides necessary for pore formation. Fluctuations due to 
peptide exchange among vesicles represent therefore the 
rate-limiting step of such a slow mechanism. 
 
P283. Abstract number: 23 
Effect of helix kink on the activity and selectivity of an 
antimicrobial peptide  
L. Stella1, S Bobone1, G Bocchinfuso1, A Palleschi1, JY 
Kim2, Y Park2, KS Hahm3

1Università di Roma Tor Vergata, Dipartimento di Scienze 
e Tecnologie Chimiche, ROMA, Italy 
2Chosun University, Research Center for Proteineous 
Materials (RCPM), GWANGJU, South-Korea 
3Chosun University, RCPM and Department of Cellular 
Molecular Medicine, GWANGJU, South-Korea 
Antimicrobial peptides (AMPs) are small molecules (usually 
less than 40 residues long) with strong bactericidal activity, 
linked to their ability to perturb the permeability of bacterial 
cells. For this reason, these peptides are investigated as 
lead compounds for the development of a new class of 
antibiotic drugs, to fight the insurgence of drug-resistant 
bacteria. AMPs often show an amphiphilic composition and 
a cationic character. From the structural viewpoint the most 
frequent conformation (after membrane-association) isα-
helical Moreover, many helical AMPs have a kink or a 
hinge in the middle of their structure, caused by Pro or Gly 
residues. In order to understand the role of this kink, and its 
relevance to peptide activity and selectivity, we designed a 
series of analogues of the amphipathic, helical and cationic 
AMP P5 (KWKKLLKKPLLKKLLKKL), in which the central 
Pro residue was moved from its central position, or 
removed altogether. Displacement of the Pro residue 
resulted in a dramatic increase in the toxicity against 
erythrocytes, with the most toxic peptide being the 
analogue lacking the Pro residue (analogue P5F). Circular 
dichroism experiments and molecular dynamics 
simulations indicate that both P5 and P5F are helical when 
associated to lipid bilayers. By contrast, in water the 
fraction of helical structure is significantly reduced for P5, 
while P5F maintains its helical conformation. Fluorescence 
experiments showed that the kinked P5 peptide, which 
exhibits the highest selectivity for bacterial cells, has a 
dramatically higher affinity for negatively charged vesicles 
(mimicking the composition of bacterial membranes) than 
for neutral liposomes (which are similar to mammalian 
cells). On the other hand, analogue P5F exhibits 
comparable affinities for anionic and neutral membranes. 
HPLC retention times and theoretical calculations indicate 
that in water the helix-breaking Pro residue allows P5 to 
attain a closed conformation, in which its hydrophobic 
residues are partially shielded from the solvent. This 
property might explain its low affinity towards neutral 
bilayers, since in this case the hydrophobic effect is the 
main driving force of peptide-membrane association. The 
observed differences in the biological and biophysical 
properties of the two analogues highlight the role of the 
central Pro-induced kink in the selectivity of AMPs, and 
provide hints for the design of new, highly selective 
compounds. 
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P284. Abstract number: 24 
Membrane insertion of para-cyanophenylalanine-
labeled alamethicin analogues.  
Correlation of fluorescence and infrared absorption 
data  
L. Stella1, S Bobone1, M De Zotti2, A Bortolotti1, G Ballano2, 
F Formaggio2, C Toniolo3

1Università di Roma Tor Vergata, Dipartimento di Scienze 
e Tecnologie Chimiche, ROMA, Italy 
2Università di Padova, Dipartimento di Scienze Chimiche, 
PADOVA, Italy 
3Università di Padova, Dipartimento di Scienze Chimiche,, 
PADOVA, Italy 
Different classes of peptides, such as antimicrobial, cell 
penetrating and fusogenic peptides, exert their bioactivities 
by interacting with cellular membranes. Therefore, the 
determination of their location and orientation inside a lipid 
bilayer is a fundamental step in the characterization of their 
mechanism of action. In this respect, the α-amino acid 
analogue para-cyanophenylalanine (pCNPhe) is a very 
promising probe, since it can be employed both in 
fluorescence and in IR absorption experiments. Its 
fluorescence quantum yield is 0.11 (as compared to 0.025 
for Phe). The stretching vibrational transition of the cyano 
group is located at around 2230 cm-1 (i.e. in a convenient 
spectral window) and is sensitive to the medium polarity. In 
this study, we exploited the peculiar properties of pCNPhe 
to investigate the membrane interaction of the 
[Glu(OMe)7,18,19] alamethicin analogue by synthesizing 
three peptides in which Ala4, Val9 or Val15 were 
substituted by pCNPhe. Liposome leakage kinetics data 
indicate that the label does not perturb significantly the 
peptide activity. Furthermore, pCNPhe fluorescence is 
sensitive to the fluorophore environment, allowing a 
characterization of peptide aggregation and water-
membrane partition. The position of the fluorophore in the 
membrane was determined by fluorescence, depth-
dependent quenching experiments, performed as a 
function of the peptide to lipid ratio. Correlation of these 
data with the IR absorption spectrum of the cyano group 
allowed a determination of its dependence on the depth of 
insertion in the bilayer, while polarized ATR-FTIR 
experiments provided indications on peptide orientation in 
the membrane. Overall, these data offer a picture of 
alamethicin insertion in the membrane and confirm that 
pCNPhe is an extremely useful probe in fluorescence and 
IR absorption studies of peptide-membrane interactions. 
 
P285. Abstract number: 39 
Cell-penetrating Peptides as Adenovirus Vector Carrier 
K Kawasaki1, S Kida1, Y Eto2, Y Yoshioka2, S Nakagawa2, 
K Hojo1, M Maeda1

1Kobe Gakuin University, KOBE, Japan 
2Osaka University, SUITA-SHI, OSAK, Japan 
 A Pro-rich peptide derivative, acetyl-Val-Arg-Leu-Pro-Pro-
Pro-Val-Arg-Leu-Pro-Pro-Pro-Val-Arg-Leu-Pro-Pro-Pro-
Gly-Cys amide, and an octaarginine derivative, acetyl-Arg-
Arg-Arg-Arg-Arg-Arg-Arg-Arg-Gly-Cys amide, were 
prepared. Each peptide was coupled to the 
heterobifunctional cross-linking reagent, 6-
maleimidohexanoic acid N-hydroxysuccinimide ester, and 
then conjugated with Adenovirus vector. The both 
conjugates exhibited gene transfer efficiency in CAR-
negative cells (B16BL6).  
 
P286. Abstract number: 40 
Jelleine-I analogues with increased antibacterial 
activity 
PR Hansen, J Petersen, S Andresen 

University of Copenhagen, FREDERIKSBERG C, 
Denmark 
Jelleine-I is a octapeptide amide, H-PFKLSLHL-NH2 
isolated from Royal Jelly of honeybees (Apis mellifera) [1]. 
The peptide is active against Gram-positive and Gram-
negative bacteria. However, Jelleine-I is also hemolytic 
towards human erythrocytes.In the present paper, we 
report the synthesis and antibacterial activity of 19 
analogues of Jellleine I including an Ala-scan and single 
residue substitutions.The analogues were synthesized by 
Fmoc SPPS, purified by preparative HPLC and 
characterized by MALDI-TOF-MS. A stock peptide solution 
in 1% DMSO was prepared and the concentration was 
determined by amino acid analysis. The Jelleine-I 
analogues were tested for antibacterial activity against S. 
aureus ATCC 25923 and E. coli ATCC 25922. 
Furthermore, the cytotoxity towards red blod cells was 
evaluated. Alanine positional scanning showed restrictions 
on 6 out of the 8 residues, and a moderate drop in MIC-
activity for the [Ala1] and [Ala5] Jelleine-I analogues.Based 
on the above results, two series of analogues were 
designed and tested. Pro1 was replaced with either Ala or 
3-(2 naphthyl)-L-alanine and Ser5 was replaced with the 
more hydrophobic amino acids Val, Leu, Ile, Trp and Phe. 
Our most promising candidate was [Ala1, Ile5] Jelleine-I 
which displayed improved MIC-activities towards S. aureus 
and E. coli (1.56 M both strains) as compared with 
Jelleine-I, which showed 6.125-12.5 M and 1.25 M 
against S. aureus and E. coli, respectively. Furthermore, 
[Ala1, Ile5] Jelleine-I showed no haemolytic 
activity.Reference:1. R. Fontana et al. (2004) Peptides, 25, 
919-28. 
 
P287. Abstract number: 45 
The designer antibacterial peptide A3-APO is the last 
resort in mouse models of multidrug-resistant Gram-
negative nosocomial infections 
L Otvos1, E Ostorhazi2, D Szabo2, F Rozgonyi2, A 
Sztodola2, M Cassone1, J Wade3

1Temple University, PHILADELPHIA, United States of 
America 
2Semmelweis University, BUDAPEST, Hungary 
3Howard Florey Institute, MELBOURNE, Australia 
Multidrug-resistant (MDR) Gram-negative bacteria causing 
nosocomial infections are nearly as common in hospitals 
as methicillin-resistant Staphylococcus aureus strains. 
Especially problematic are Acinetobacter baumannii and 
Klebsiella pneumoniae strains unaffected even by 
carbapenems, the last therapeutic resort. For example, 
between 2005 and 2007, resistance to imipenem (a 
carbapenem-type antibiotic) increased by 33% in military 
hospitals. Equally disturbing, resistance to the second best 
agent, the quite toxic yet powerful cyclic peptide antibiotic 
colistin, similarly increased.  
Antimicrobial peptides rarely exhibit activity in animal 
models of systemic infections, or their therapeutic index is 
too low for future clinical applications. A3-APO [(Chex-Arg-
Pro-Asp-Lys-Pro-Arg-Pro-Tyr-Leu-Pro-Arg-Pro-Arg-Pro-
Pro-Arg-Pro-Val-Arg)2-Dab] is a representative of the 
designer proline-rich antibacterial peptide family that shows 
in vitro activity against MDR Enterobacteriaceae alone or in 
combination with conventional antibiotics. A3-APO was 
inactive when added subcutaneously to mice infected with 
a beta-lactamase producing Escherichia coli strain, but 
upon intraperitoneal (ip) administration at 3x10 mg/kg 
exhibited survival and bacterial count reduction figures 
comparable to imipenem added at 3x40 mg/kg. However, 
the low 50 mg/kg ip lethal dose limits its utility as a clinically 
viable antimicrobial agent.  
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Nevertheless with intramuscular (im) administration, only 
low levels of systemic toxicity could be observed at a 75 
mg/kg bolus dose as opposed to colistin which was toxic 
already at 25 mg/kg. When administered either 
intravenously at 3x2.5 mg/kg or im at 2-3x5 mg/kg to mice 
systemically infected with a carbapenem-resistant A. 
baumannii strain, peptide A3-APO reduced the bacterial 
counts by at least two log10 units and increased the 
survival rate compared to untreated animals or mice 
treated 2-3x with 40 mg/kg imipenem. Even more 
impressively, in an A. baumannii burn infection model 
representing the real-life situation during hospitalizations 
following combat injuries, A3-APO at 5 mg/kg given once 
reduced the bacterial counts in the wounds at day 5 by a 
factor of 18,400 (untreated), 600 (imipenem) or 60 (colistin) 
relative to other treatment forms. Four consecutive daily 
doses of 5 mg/kg A3-APO im sterilized the blood of all 
mice studied. 
 
P288. Abstract number: 47 
Antimicrobial activity of small 3-(2-naphthyl)-L-alanine 
containing peptides 
PR Hansen1, N Frimodt-Møller2

1University of Copenhagen, FREDERIKSBERG C, 
Denmark 
2National Center for Antimicrobials and Infection Control, 
Statens Serum Institut, COPENHAGEN, Denmark 
Antibiotic-resistant pathogens have become a very serious 
problem world-wide. Most alarming is the increasing 
occurrence of vancomycin-resistant enterococci (VRE) and 
methicillin-resistant Staphylococcus aureus (MRSA). 
Furthermore, infections due to resistant fungi such as 
Candida albicans and Cryptococcus neoformans are a 
major concern. Antimicrobial peptides (AMPs) are a part of 
the innate immunity in all multicellular organisms and are 
promising lead structures for developing new antimicrobial 
agents. However, AMPs often display undesirable 
pharmaceutical properties, such as susceptibility to 
proteolytic breakdown. This may be circumvented by 
incorporation of non-natural building blocks into the 
peptide, such as 3-(2-naphthyl)-L-alanine. In the present 
study, we investigated the antimicrobial activities of 6 
peptides containing 3-(2-naphthyl)-L-alanine: H-XFXLKKK-
NH2 (1), H-FXLKKK-NH2 (2), H-XFLKKK-NH2 (3), H-
XKFKXKLKK-NH2 (4), H-KFKXKLKK-NH2 (5), H-
XKFKKLKK-NH2 (6), X being the non-proteinogenic amino 
acid. The analogues were synthesized by Fmoc SPPS, 
purified by preparative HPLC and characterized by MALDI-
TOF-MS. A stock peptide solution in 1% DMSO was 
prepared and the concentration was determined by amino 
acid analysis. The peptides were tested against clinically 
relevant bacteria and fungi.The most active compound, 4, 
displayed excellent against activity against the Gram-
positive bacteria methicillin-resistant S. aureus (3.12 M); 
vancomycin intermediate S. aureus (6.25M), vancomycin 
resistant E. faecium VRE (≤1.25 M ), the Gram-negative 
bacteria E.coli (≤1.25 M), P. aeruginosa (3.12 M), S. 
typhimurium (≤1.25 M), K. pneumonia (25M) and the 
fungi amphotericin B resistant C. albicans (12.5 M) and C. 
neoformans (25 M). However, compound 4, was also 
haemolytic towards red blood cells (91%).The results 
presented here suggest that small 3-(2-naphthyl)-L-alanine 
containing peptides are promising lead structures for 
developing future antibacterial agents. 
 
P289. Abstract number: 57 
Antimicrobial peptides containing D-amino acids with 
in vivo activity against plant pathogenic bacteria 

I Güell1, E Badosa2, M Talleda1, R Ferre1, J Cabrefiga2, E 
Montesinos2, E Bardají1, L Feliu1, M Planas1

1LIPPSO, University of Girona, GIRONA, Spain 
2CIDSAV, University of Girona, GIRONA, Spain 
Phytopathogenic bacteria are responsible for a wide range 
of plant diseases causing large economic losses in fruit 
and vegetable crops. Their control is mainly based on 
chemical pesticides, such as copper derivatives and 
antibiotics. Although these compounds are highly efficient 
to treat these diseases, many of them are not allowed in 
Europe due to environmental concerns. In addition, it has 
been reported the emergence of antibiotic-resistant strains, 
which limits the effectiveness of these compounds [1]. In 
recent years, antimicrobial peptides have been described 
to be effective against plant pathogens. However, their use 
in vivo is limited because of enzymatic degradation 
problems associated with the presence of plant proteases. 
One strategy used to protect peptides against enzymatic 
hydrolysis is the incorporation of D-amino acids in the 
sequence. It has been described that selective 
substitutions by D-amino acids not only provide more 
stable sequences to protease degradation, but also reduce 
the hemolysis while maintaining the antimicrobial activity.  
Up to now, we have identified linear undecapeptides with 
high in vitro activity against plant pathogenic bacteria [2]. 
The best peptide, KKLFKKILKYL-NH2 (BP100), was also 
effective in vivo to prevent infections of Erwinia amylovora 
in flowers. However, the in vivo dose was 20 to 40-fold 
higher than the MIC. This loss of activity could be attributed 
to peptide degradation by plant proteases. In the present 
study, we designed and synthesized thirty-one BP100 
analogues containing D-amino acids. These sequences 
were first evaluated in vitro against E. amylovora, 
Xanthomonas vesicatoria, and Pseudomonas syringae, 
and assayed for their hemolytic activity and stability to 
protease degradation [3]. Sequences with a better 
biological profile than BP100 were identified and were 
analyzed for their inhibitory activity in vivo.  
[1] Montesinos, E.; Vilardell, P. Eur. J. Plant Pathol. 2001, 
107, 787-794.  
[2] Badosa, E.; Ferre, R.; Planas, M.; Feliu, L.; Besalú, E.; 
Cabrefiga, J.; Bardají, E.; Montesinos, E. Peptides 2007, 
28, 2276-2885.  
[3] Badosa, E.; Bardají, E.; Feliu, L.; Güell, I.; Montesinos, 
E.; Planas, M. P200930538.  
 
P290. Abstract number: 77 
Inhibitory effects of novel AMP on biofilm forming 
clinical isolates of Pseudomonas aeruginosa 
KS HAHM1, JY Kim2, Y Park1

1CHOSUN UNIVERSITY, GWANGJU, South-Korea 
2Chosun University, KWANGJU, South-Korea 
Biofilms are microbial communities attached to solid 
surfaces and enclosed in a self-produced polymeric matrix. 
Resistance to conventional antibacterial agents is a key 
feature of biofilm infections, which highlights the necessity 
for the development of novel compounds able to effectively 
control them. Accordingly, antimicrobial peptides represent 
a promising class of molecules with which to combat these 
pathogens, and among those is the analogue peptide P5, 
which was designed and synthesized from a hybrid 
peptide, CA-MA [derived from cecropin A (1-8) and 
magainin 2 (1-12)]. In the present study, P5 and several 
conventional antibiotics were applied to biofilm-forming 
clinical isolates of Pseudomonas aeruginosa for 
susceptibility testing. All of the strains were found to be 
resistant to the tested compounds. Nonetheless, P5 
inhibited the formation of biofilms at very low 
concentrations and also showed positive synergy when 
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applied at its MBIC50 concentration in combination with 
vancomycin. P5 also inhibited production of such 
extracellular matrix components as exopolysaccharides, 
proteins and nucleic acids, as evidenced by 
epifluorescence microscopic and spectrofluorometric 
analyses. The results obtained using this multiparametric 
approach suggest that P5 could potentially be used as an 
agent for the prevention of biofilm formation by drug-
resistant strains. 
 
P291. Abstract number: 78 
Antibiotic effect of P5-18mer peptide against antibiotic 
resistant microorganisms isolated from patients with 
cholelithiasis 
KS HAHM1, Y Park1, BK Son2, JS Hahm3

1CHOSUN UNIVERSITY, GWANGJU, South-Korea 
2Eulji General Hospital, SEOUL, South-Korea 
3Hanyang University Hospital, SEOUL, South-Korea 
Pseudomonas aeruginosa has developed resistance 
against flomoxef sodium, isepamicin and cefpiramide. 
Therefore, in this study, the antibacterial activity and 
synergistic effects of the amphipathic-derived P5-18mer 
antimicrobial peptide were tested against pathogens 
associated with cholelithiasis that have developed 
resistance against commonly used antibiotics. The results 
were then compared with the activities of the amphipathic-
derived peptide, P5-18mer, melittin and common 
antibiotics. Growth inhibition of planktonic bacteria was 
tested using the National Committee for Clinical Laboratory 
Standards (NCCLS). The bactericidal activity of the 
antimicrobial peptides was measured using time-kill 
curves. Synergistic effects were evaluated by testing the 
effects of P5-18mer alone and in combination with flomoxef 
sodium, isepamicin or cefpiramide at 0.5 x MIC. P5-18mer 
peptide displayed strong activity against pathogens and 
flomoxef sodium, isepamicin and cefpiramide-resistant 
bacteria cell lines obtained from a patient with gallstones; 
however, it did not exert cytotoxicity against the human 
keratinocyte HaCat cell line. In addition, the results of time-
kill curves indicated that P5-18mer peptide exerted 
bactericidal activity against four strains of P. aeruginosa. 
Finally, the use of P5-18mer and antibiotics exerted 
synergistic effects against cell lines that were resistant to 
commonly used antibiotics. These results indicate that this 
class of peptides has a rapid microbicidal effect on 
flomoxef sodium, isepamicin and cefpiramide-resistant 
strains of P. aeruginosa. Therefore, these peptides may be 
used as a lead drug for the treatment of acquired 
pathogens from patients with cholelithiasis who are 
affected with antibiotic-resistant bacteria.  
 
P292. Abstract number: 79 
Synthesis and preliminary conformational analysis of 
TOAC spin-labeled analogues of the medium-length 
peptaibiotic tylopeptin B 
M Gobbo1, B Biondi2, E Merli1, C Toniolo1

1University of Padova - Dept Chemical Sciences, 
PADOVA, Italy 
2ICB Padova Unit - CNR, PADOVA, Italy 
The achiral tetrasusbistituted α-amino acid 4-amino-1-oxyl-
2,2,6,6,-tetramethylpiperidine-4-carboxylic acid (TOAC) 
has been used as paramagnetic probe to study, by 
electron spin resonance (ESR), the mode by which 
peptides insert into membrane. In particular, detailed 
information about the location, orientation and aggregation 
of membrane-active peptides in the phospholipid bilayer 
has been obtained for the TOAC-labeled peptaibiotics 
alamethicin F50/5 [1,2] and trichogin GA IV [3], in which 
one or two α-aminoisobutyric acid (Aib) residues in the 

sequence were replaced by the free radical-containing 
amino acid. Considering that the detailed mechanism of 
membrane permeabilization by medium-length 
peptaibiotics, e. g. tylopeptin B (Ac-Trp-Val-Aib-Aib-Ala-
Gln-Ala-Aib-Ser-Aib-Ala-Leu-Aib-Gln-Lol), is largely 
unknown, we have planned to synthesize a series of 
analogues in which the TOAC amino acid replaces the Aib 
residue at one of the three positions (4, 8 or 13) throughout 
the tylopeptin sequence, and to investigate their interaction 
with model membranes by a combination of ESR 
techniques. We have recently shown by a solution 
conformational analysis performed by the combined use of 
FTIR absorption, CD, NMR and molecular dynamics 
calculations that tylopeptin B is largely helical, with a 
predominance for the α- or 310-helix type structure, 
depending upon the nature of the solvent [4]. Here, we 
present our approach to the solid-phase peptide syntheses 
of TOAC-tylopeptin analogues. In addition, we report a 
preliminary solution conformational analysis, performed by 
FTIR absorption and CD spectroscopy, that shows that the 
replacement of the Aib residues by TOAC in the three 
selected positions does not alter the overall molecular 
conformation of the peptaibiotic.  
1. a. Marsh, D.; Jost, M.; Peggion, C.; Toniolo, C. Biophys. 
J. 92 (2007) 473-481;  
2. Milov, A.D.; Samoilova, M. I.; Tsvetskov, J.; Jost, M.; 
Peggion, C.; Formaggio, F.; Crisma, M.; Toniolo, C.; 
Handgraaf, J-W.; Rapp, J. Chem. Biodivers. 4 (2007), 
1275-1297.  
3. Monaco, V.; Formaggio, F.; Crisma, M.; Toniolo, C.; 
Hanson, P.; Milllhauser, G. L. Biopolymers 50 (1999), 239-
253.  
4. Gobbo, M.; Poloni, C.; De Zotti, M.; Peggion, C.; Biondi, 
B.; Ballano, G.; Formaggio, F.; Toniolo, C. Chem. Biol. 
Drug Des. 75 (2010) 169-181. 
 
P293. Abstract number: 80 
Porphyrin-antimicrobial peptide conjugates: synthesis, 
conformational studies and preliminary light activated 
biocidal activity 
M Gobbo1, C Tampieri1, B Biondi2, S Campestrini1, R 
Dosselli3, E Reddi3
1University of Padova - Dept Chemical Sciences, 
PADOVA, Italy 
2ICB Padova Unit - CNR, PADOVA, Italy 
3University of Padova, Dept Biology, PADOVA, Italy 
Photodynamic therapy (PDT) is a very promising approach 
for killing bacteria [1]. It is well establish that singlet oxygen 
is produced as the main species responsible for cell death. 
During PDT multiple cellular targets are damaged and this 
strongly reduces the probability of developing the 
resistance phenomena which frequently occur after 
repeated antibiotic treatments. Porhyrins are commonly 
used as photosensitizers, that can generate reactive 
oxygen species upon exposure to light in the presence of 
oxygen. It is known that Gram-positive bacteria can be 
efficiently killed by light after incubation with a number of 
photosensitizers, whereas Gram-negative bacteria are less 
susceptible to phodynamic killing and only cationic 
porphyrins can induce their photoinactivation. Short 
cationic antimicrobial peptides (CAMP) are components of 
the innate defense of many organisms [2]. Their overall 
positive charge ensures accumulation at the poly-anionic 
microbial cell surfaces that contain acidic polymers, such 
as lipopolysaccharides, and wall-associated teichoic acids 
in Gram-negative and Gram-positive bacteria, respectively. 
Beyond the presence of several cationic amino acids, a 
substantial proportion of hydrophobic residues permit most 
of CAMP to fold into an amphipathic structure, that allows 
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them to insert into the phospholipid bilayer. After insertion, 
antimicrobial peptides act by either disrupting the physical 
integrity of the membrane or translocate across the 
membrane and act on internal targets. By conjugating a 
porphyrin to an antimicrobial peptide we can expect to 
direct the photosensitizer against specific bacterial targets 
and increase the efficacy of PDT. Here, we present the 
synthesis of two conjugates in which a neutral 5(4’-
carboxyphenyl)-10,15,20-triphenylporphyrin has been 
covalently attached to the N-terminal end of apidaecin 1b 
or of a magainin analogue. The compounds were 
characterized by HPLC, MS and UV-vis spectroscopy and 
their conformational preferences were preliminarily 
investigated by CD. The bactericidal activity of the 
conjugates against selected Gram-positive and -negative 
bacteria will be reported and compared to that of the parent 
peptide and of the photosentizer alone, in the dark or under 
light activation. 
1. Hamblin, M. R.; Hasan, T. Photochem. Photobiol. Sci. 
2004, 3, 436-450. 
2. Hancock, R. W.; Sahl. H-G Nature Biotechnology 2006, 
24, 1551-1557. 
 
P294. Abstract number: 84 
Design of Helical Antimicrobial Peptides with 
exceptional Therapeutic Indices against Gram-
negative Pathogens 
S. Hodges, Z Jiang, A Vasil, M Vasil 
University of Colorado, AURORA, United States of 
America 
Due to the rapid increase in bacteria resistance to classical 
antibiotics, antimicrobial peptides (AMPs) have become 
important candidates as potential therapeutic agents. In 
previous studies we introduced the concept of a 'specificity 
determinant' where substitution of a lysine residue in the 
center of non-polar face of amphipathic α-helical AMPs 
dramatically reduced toxicity and increased the therapeutic 
index [1-4]. We also showed that our L- and D- 
enantiomeric AMPs had equivalent biological and 
biophysical properties and their sole target was the 
bacterial membrane [2]. The excellent stability of the D- 
enantiomers to proteolysis highlights their potential as 
clinical therapeutics. In this study, we introduced a second 
lysine specificity determinant in the center of the non-polar 
face to further reduce toxicity. We then investigated the 
role of systematic increases in hydrophobicity and varying 
the type of hydrophobic side-chain (Leu, Ile, Phe and Trp) 
had on the biological and biophysical properties of AMPs. 
All six 26-residue peptides maintained the identical polar 
face and two specificity determinants (K13 and K16) on the 
non-polar face. We evaluated these peptide analogs for 
their antimicrobial activity against eleven clinical isolates of 
Acinetobacter baumannii and six clinical isolates of 
Pseudomonas aeruginosa, hemolytic activity to human red 
blood cells, structure in aqueous and hydrophobic media, 
overall hydrophobicity and self-association ability. To our 
surprise, we obtained a new antimicrobial peptide with 
outstanding overall properties, excellent antimicrobial 
activity and a therapeutic index (3,355), 26-fold better than 
our previous lead peptide.  
[1] Chen et al, Rational design of α-helical antimicrobial 
peptides with enhanced activities and 
specificity/therapeutic index. J. Biol. Chem. 280, 12316-29 
(2005).  
[2] Chen et al, Comparison of biophysical and biologic 
properties of α-helical enantiomeric antimicrobial peptides. 
Chem. Biol. Drug Des. 67, 162-73 (2006).  

[3] Chen et al, Role of peptide hydrophobicity in the 
mechanism of action of α-helical antimicrobial peptides. 
Antimicrob. Agents Chemother. 51, 1398-406 (2007).  
[4] Jiang et al, Effects of hydrophobicity on the antifungal 
activity of α-helical antimicrobial peptides. Chem. Biol. 
Drug Des. 72, 483-495 (2008). 
 
P295. Abstract number: 104 
Sequences of the Polypeptide Antibiotics 
(Peptaibiotics) Acretocins 
H Brückner, C Theis 
University of Giessen/Interdisciplinary Research Centre 
(IFZ), GIESSEN, Germany 
Screening of filamentous fungi for the production of Aib 
and Iva (1,2) had revealed that Acremonium 
crotocinigenum (CBS 217.70) was a potent producer of 
peptides comprehensively named peptaibiotics (3). The 
mold was cultured submers in a malt extract medium. A 
peptide mixture named acretocins (ACR) was isolated from 
the culture broth by XAD and Sephadex LH-20 
chromatography. Individual peptides of ACR were 
fractioned using semi-preparative RP-HPLC and binary 
gradient elution using mixtures of MeCN/MeOH/water with 
addition of 0.1% TFA. Individual peptides of ACR were 
analyzed by direct infusion ESI-MS as well as on-line 
analytical HPLC-ESI-MS. In a previous report (4) we could 
not assign a characteristic mass fragment counting for 140 
Da. Here we show that it represents the sequence 
positions Gly8-Acc9 in all ACR peptides. Only few peptides 
are known to contain Acc, but it is also a constituent of 
peptaibiotics named neoefrapeptins (5). Amino acid 
analysis of total hydrolyslates of ACR and comparison with 
reference amino acids by GC-MS on Chirasil-Val revealed 
the presence of Aib, Acc, ß-Ala and Gly as well as L-Leu, 
L-Pip and D-Iva. No L-Iva was detected in acidic total 
hydrolysates (6 M HCl, 110 oC, 24 h) of ACR. Comparison 
of the MS data from ACR and related efrapeptins indicated 
that both peptaibiotics have the same C-terminal 
heterocyclic residue PIHPPE. A major sequence is 
exemplified with ACR-2: Ac-Pip-Aib-Pip-D-Iva-Aib-Leu-β-
Ala-Gly-Acc-Aib-Pip-Aib-Gly-Leu-Aib-PIHPPE (Ac, acetyl; 
Pip, L-pipecolic acid; Aib, α-aminoisobutyric acid; Acc, 1-
aminocyclopropane-1-carboxylic acid; PIHPPE, N-peptido-
1-isobutyl-2-(2,3,4,6,7,8-hexahydro)-1-pyrrolo[1,2-
α]pyrimidinio)ethylamine. The sequences of ACR peptides 
are distinguished by exchange of Iva/Aib or Gly/Ala.  
(1) Brückner, H., Becker, D., Gams, W., Degenkolb, T., 
Chemistry and Biodiversity 2009, 6, 38-56; (2) Degenkolb, 
T., Kirschbaum, J., Brückner, H., Chemistry and 
Biodiversity 2007, 4, 1052-1067; (3) Toniolo, C., Brückner, 
H. (eds.) Peptaibiotics - Fungal Peptides Containing α-
Dialkyl α-Amino Acids. Verlag Helvetica Chimica Acta, 
Zürich, and Wiley-VCH, Weinheim, 2009; (4) Kirschbaum 
J., Slavickova, Brückner, H., in: Flegel, M. et al. (eds) 
Peptides 2004, Keenes International, Geneva, 2005, pp. 
415-416; (5) Fredenhagen, A., Moleyres, L.-P.,. 
Böhlendorf, B., Laue, G., J. Antibiot. 2006, 59, 267-280.  
  
P296. Abstract number: 114 
Conformational Studies Of Toac-Analogues From New 
Cytolytic Peptide Isolated From Hypsiboas 
Albopunctatus 
E F Vicente 
Instituto de Química - UNESP - Univ Estadual Paulista, 
ARARAQUARA, Brazil 
Vicente, E. F.1, Cespedes, G. F.1, Crusca Jr, E.1, Castro, 
M. S.2, Mendes-Giannini, M. J. S.1, Basso, L. G. M.3, 
Costa-Filho, A. J.3, Marchetto, R.1, Cilli, E. M.1 
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1UNESP - Univ Estadual Paulista - Araraquara, Brazil; 
2UnB - University of Brasília - Brasília, Brazil; 3USP - 
Universidade de São Paulo - São Carlos, Brazil.  
Antimicrobial peptides have been isolated from several 
species of microorganisms. This work aimed to evaluate 3 
analogues containing TOAC of a new antimicrobial peptide 
extracted from the skin secretion of the frog Hypsiboas 
albopunctatus called Hylin (hy - 
GWLDVAKKIGKAAFNVAKNFI/L). This sequence has 
shown identity with ceratotoxins. The synthesis of 
sequence containing Ile in C-terminus and addition of 
TOAC in position 0 or substitution of Trp2 and Ala13 allowed 
studying the conformational properties and its interaction 
with membrane models by EPR. The SPPS using the 
Fmoc/tBu protocol was feasible to obtain the peptides. All 
synthetic peptides exhibited hemolytic, antimicrobial and 
antifungal activity. The hemolytic activity of analogues was 
bigger than wild type peptide, expect by TOAC2-hy. 
Permeabilization studies in vesicles containing 
DPPC:DPPA:SM and DPPC:DPPA:DPPE (80:5:15; w:w:w) 
showed that TOAC2-hy has the lowest activity, followed by 
TOAC0-hy, TOAC13-hy and wild type peptide. The CD 
studies demonstrated that peptides in water performed a 
random coil structure, except by TOAC13-hy, which had an 
α-helix structure. This is in accordance to the TOAC 
properties, which exhibits tendency to strongly promote 
helical conformations. In the presence of TFE or 
membrane mimetic, all peptides acquired high amount of 
α-helix. The order of α-helix content was TOAC13-hy ≈ wild 
type peptide > TOAC0-hy ≥ TOAC2-hy. Fluorescence and 
EPR assays showed that TOAC13-hy had the highest 
interaction with LPC micelles and both vesicle models 
described above. Apparently, TOAC0-hy had no 
interaction, locating outside these systems; TOAC2-hy is 
located in the interface between the vesicles and the 
aqueous solution and finally TOAC13-hy is fully immersed 
in the membrane. These findings allowed the description of 
the peptide topology in the membrane, where the N-
terminal region is not immersed; the position 2 is in the 
interface, and 13 is fully inserted. Additionally, the results 
suggest a model where the N-terminal region is 
responsible for starting the pore formation.  
Supported by: FAPESP, FUNDUNESP, CNPq and 
CAPES. 
 
P297. Abstract number: 117 
Increasing amphiphilicity in peptaibiotics: Gly to Lys 
replacements in trichogin GA IV 
M. De Zotti1, B Biondi2, C Peggion1, F Formaggio1, Y 
Park3, KY Hahm4, C Toniolo1 
1Department of Chemistry, University of Padova, 
PADOVA, Italy 
2ICB Padova Unit, CNR,, PADOVA, Italy 
3Department of Biotechnology, Chosun University, 
KWANGJU, South-Korea 
4Department of Biomaterials, Chosun University, 
KWANGJU, South-Korea 
Trichogin GA IV, isolated from the fungus Trichoderma 
longibrachiatum, is the prototype of lipopeptaibols, the sub-
class of short-length peptaibiotics exhibiting membrane-
modifying properties. The primary structure of the 10-
amino acid peptide trichogin GA IV is as follows: 1-Oct-Aib-
Gly-Leu-Aib-Gly-Gly-Leu-Aib-Gly-Ile-Lol, where 1-Oct is 1-
octanoyl and Lol is the 1,2-amino alcohol leucinol. In 
previous papers we have shown, using a variety of 
physico-chemical techniques including X-ray diffraction, 
that this peptaibol is predominantly folded in a mixed 310-
/α- helical conformation with a clear, albeit modest, 
amphiphilic character (1). In this work we have synthesized 

by the SPPS methodology, purified, and fully characterized 
a set of trichogin GA IV analogues in which the four Gly 
residues at positions 2, 5, 6, 9, lying in the poorly 
hydrophilic face of the helical structure, are substituted by 
one (position 2 or 9), two (positions 5 and 6), three 
(positions 2, 5, and 9), and four (positions 2, 5, 6, and 9) 
Lys residues. The analog with the triple Lys replacement is 
additionally characterized by the incorporation of a helix-
inducing Aib residue at position 6. The conformational 
preferences of selected Lys-containing analogs were 
assessed by CD and 2D-NMR techniques in aqueous, 
organic, and membrane-mimetic environments. The role 
played in the analogs by the markedly increased 
amphiphilicity (one face is, partially or totally, positively 
charged) was further tested by fluorescence leakage 
experiments in model membranes, protease resistance, 
antibacteral and antifungal activities, citotoxicity, and 
hemolysis.  
1. Peggion, C.; Formaggio, F.; Crisma, M.; Epand, R.F.; 
Epand, R.M.; Toniolo, C. J.Pept.Sci. 9 (2003) 679-689.  
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Synthesis, preferred conformation, and membrane 
activity of heptaibin, a medium-length peptaibiotic 
M. De Zotti1, B Biondi2, C Peggion1, M Crisma3, F 
Formaggio1, C Toniolo1 
1Department of Chemistry, University of Padova, 
PADOVA, Italy 
2ICB Padova Unit, CNR,, PADOVA, Italy 
3IBC, Padova Unit, CNR, Department of Chemistry, 
University of Padova, PADOVA, Italy 
The medium-length peptaibiotics are characterized by a 
primary structure of 13-15 amino acid residues and include 
inter alia some samarosporins, stilbellins, bergofungins, 
and emerimicins. Despite the interesting antibiotic and 
antifungal properties exhibited by these membrane-active 
peptides, their exact mechanism of action is still unknown. 
Recently, we focused our study on one of these peptaibols 
(1), aiming at investigating their conformational properties 
and bioactivity. Here, we present our results on heptaibin, 
extracted from the culture of Emericellopsis sp. BAUA8289 
and chemically characterized by Ishiyama et al. ten years 
ago (2). The heptaibin primary structure is as follows: Ac-
Phe-(Aib)3-Val-Gly-Leu-(Aib)2-Hyp-Gln-Aib-Hyp-Aib-Phol, 
where Phol is the 1,2-aminoalcohol (S)-phenylalaninol. The 
SPPS of the 13-mer bergofungin D, the sequence of which 
is similar to that of heptaibin, has been recently reported 
(3). Here, we present the SPPS of heptaibin itself, using 
the Fmoc-protection/HATU C-activation methodology. 
Special attention was devoted to prevent 2,5-
dioxopiperazine formation, particularly when the N-terminal 
sequence of the growing chain is the H-Aib-Hyp- dipeptide. 
The final product was purified and fully characterized. A 
detailed conformational analysis was performed by use of 
FT-IR absorption, CD, 2D-NMR combined with MD 
calculations, and X-ray crystallography (the latter technique 
on an N-terminal segment). Fluorescence leakage 
experiments revealed that heptaibin is a membrane-
permeabilizing compound. 
1. Gobbo, M.; Poloni, C.; De Zotti, M.; Peggion, C.; Biondi, 
B.; Ballano, G.; Formaggio, F.; Toniolo, C. Chem.Biol.Drug 
Des. 75(2010) 169-181.  
2. Ishiyama, D.; Satou, T.; Senda, H.; Fujimaki, T.; Honda, 
R.; Kanazawa, S. J.Antibiot.(Tokyo) 53(2000) 728-732.  
3. Hjørringgaard, C.U.; Pedersen, J.M.; Vosegaard, T.; 
Nielsen, N.C.; Skrydstrup, T. J.Org.Chem. 74(2009) 1329-
1332. 
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Synthesis, characterization and cytostatic effect of 
new pemetrexed-peptide conjugates 
E Orbán1, Z Miklán1, Z Bánóczi1, F Hudecz1, F Hudecz2 
1Research Group of Peptide Chemistry, Hungarian 
Academy of Sciences at ELTE, BUDAPEST, Hungary 
2Department of Organic Chemistry Eötvös Loránd 
University, BUDAPEST, Hungary 
Pemetrexed is used as a folate-antimetabolite in the 
treatment of pleural mesothelioma and non-small cell lung 
carcinoma. This drug inhibits at least three enzimes 
(thymidilate synthase, dihydrofolate reductase and 
glycinamide-ribonucleotide formyl transferase) involved in 
purine- and pirimidine synthesis. The pemetrexed (pem) 
treatment could be accompanied by various side-effects 
like nausea, vomiting, diarrhea etc. Several examples 
show that the conjugation of an anticancer drug (eg. 
daunomycin, metothrexate) with peptide could decrease or 
even eliminate side effects (1,2). Oligoraginines are de 
novo designed cell penetrating peptides capable to 
translocate covalently attached cargoes (eg. enzymes, 
antitumor agents) (2). It was observed that peptide 
IELLQAR used as selective inhibitor could prevent the 
attachment of E-selectin to the cell surface-carbohydrates 
and thus limit the risk of metastases formation (3). Based 
on these findings we have prepared new pemetrexed 
conjugates with octaarginin and/or IELLQAR peptide. 
Conjugates were characterized by RP-HPLC and mass 
spectrometry. Their antitumor effect were determined in 
vitro by MTT assay on HL-60 human leukemia and NCI-
H358 human non-small cell lung carcinoma cell lines. We 
report here our findings on the comparative analysis of the 
conjugates with different peptide components on two 
different cell lines. In contrast our previous observation with 
daunomycin-peptide conjugates (4), we found that 
pemetrexed-conjugates were as effective as free 
pemetrexed. Interestingly IELLQAR-conjugates were even 
more effective as compared with octaarginine-conjugates 
on both cell lines studied.  
1. Hudecz, F., Reményi, J., Szabó, R., Kóczán, Gy., Mező, 
G., Kovács, P., Gaál, D.: J. Mol. Recognition 16: 288-98 
(2003) 2. Miklán, Zs., Orbán E., Csík G., Schlosser G., 
Magyar A., Hudecz F.:  Biopolymers (2009)  
3. Hudecz, F. Bánóczi, Z., Csík, G.: Medicinal Research 
Reviews, 25: 679-786 (2005)  
4. Fukuda, M., Ohyama, C., Lowitz K., Matsuo O., 
Pasqualini R., Ruoslahti E., Fukuda M.: Cancer Research 
60: 450-456 (2000)  
 
P300. Abstract number: 205 
Discovery of antimicrobial cyclic and dendritic 
peptides by off-bead screening of self-encoded 
TAGSFREE combinatorial libraries 
JL Reymond1, VS Fluxa1, N Maillard1, M Page2 
1University of Berne, BERNE, Switzerland 
2Basilea Pharmaceutica Ltd., BASEL, Switzerland 
We showed recently that combinatorial one-bead-one-
compound libraries of linear, cyclic or dendritic peptides 
designed using the TAGSFREE algorithm can be decoded 
by determining the amino acid composition of the beads, 
an inexpensive analysis which also provides a useful 
quality control of the libraries (J. Kofoed, J.-L. Reymond, J. 
Comb. Chem. 2007, 9, 1046). Our recently reported off-
bead screening protocol originally demonstrated to identify 
catalytic activities (N. Maillard et al., J. Comb. Chem. 2009, 
11, 667) was adapted to screen combinatorial libraries of 
cyclic and dendritic peptides for antimicrobial activity, 
leading in both cases to the identification of potent 
antimicrobial compounds with activity against MRSA. The 
compounds show MIC values in the range of 2-32 ug/ml 

but show only weak hemolytic activity (> 1 mg/ml). The 
assay is generally applicable to screen one-bead-one-
compound combinatorial libraries and should greatly 
facilitate research for new antimicrobial agents. 
 
P301. Abstract number: 211 
Towards lasso peptide engineering: Insights into the 
maturation mechanism of microcin J25  
SF Rebuffat, KP Yan, S Zirah, Y Li, C Goulard 
Muséum National d'Histoire Naturelle, PARIS, France 
Lasso peptides are a group of gene-encoded bioactive 
peptides produced by bacteria. They adopt a remarkable 
knotted fold, the lasso structure, which is characterized by 
an N-terminal backbone-to-side-chain macrolactam ring 
that tightly traps a threaded C-terminal tail. Such a 
compact structure confers extraordinary stability to the 
peptide toward protease degradation and denaturing 
conditions. Known bioactivities of lasso peptides are 
diverse including antibacterial, anti-HIV and receptor 
antagonist properties. Therefore, lasso peptides provide a 
promising scaffold for drug development by peptide 
engineering. In this study, microcin J25 (MccJ25), an 
antibacterial lasso peptide inhibitor of bacterial RNA 
polymerase, was used as a model system to characterize 
the maturation of lasso peptides. MccJ25 is generated from 
the ribosomally-produced precursor McjA further 
processed by the two maturation enzymes, McjB and McjC 
[1]. Site-directed mutagenesis on the genes encoding 
mcjA, mcjB or mcjC permitted confirming the respective 
roles of the maturations enzymes and identifying their 
catalytic sites and the key regions in the precursor McjA. In 
addition, the molecular mechanisms of the maturation 
enzymes were studied in vitro using recombinant proteins. 
Taken together, our data permit delineating the 
mechanisms that govern lasso peptide maturation, which is 
a key step towards lasso peptides engineering.  
[1] Duquesne, S., Destoumieux-Garzón, D., Zirah, 
S., Goulard, C., Peduzzi, J., Rebuffat, S. (2007) Chem. 
Biol. 14, 793-803. 2186.  
 
P302. Abstract number: 212 
Enterocins L50A and L50B from Enterococcus durans 
A511: conformational studies and antibacterial 
activities  
SF Rebuffat1, S Zirah1, C Goulard1, R Ducasse1, M 
Dalgalarrondo2, J Peduzzi1, JM Chobert2, T Haertlé2 
1Muséum National d'Histoire Naturelle, PARIS, France 
2Institut National de la Recherche Agronomique, NANTES, 
France 
Bacteriocins produced by lactic acid bacteria present a 
strong interest as potential food preservatives, given their 
antibacterial activity against human pathogens such as 
Listeria. Two antibacterial peptides secreted by 
Enterococcus durans A5-11 isolated from Mongolian airag 
[1] were purified by salting out and RP-HPLC. Their amino 
acid sequences were determined by enzymatic digestions 
together with nano-ESI-MS/MS fragmentations. They were 
identified as enterocins L50A and L50B isolated previously 
from Enterococcus faecium [2]. Despite 72% of sequence 
identity, they showed different resistances to proteases, 
L50A and L50B being resistant and sensible to trypsin, 
respectively. Contrary to two-peptide bacteriocins, each 
isolated peptide exhibited potent activity on a variety of 
Gram-positive bacteria (MIC in the 100-500 nM range). 
L50A was in most cases twice more active than L50B. 
Weak synergy of the two peptides was observed on the 
Lactobacillus sakei subsp. sakei strain. CD spectra 
revealed an helical conformation for the two peptides in 
phosphate buffer at pH 7.0, both in the absence and in the 
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presence of SDS micelles. For L50B only, the helix content 
increased in the presence of micelles. Stability of the L50A 
helical structure in the presence and in the absence of 
SDS micelles could be responsible for the exceptional 
resistance to proteases and stronger antibacterial activity 
exhibited by L50A, as compared to L50B. The 
predominance of helical structure of L50A and L50B 
allowed assigning the regions critical for the helix stability 
and for the antibacterial activity, taking into account their 
amino acid sequence differences. Our results show that 
enterocins L50A and L50B are well structured in aqueous 
media and do not exhibit strong synergistic activity, two 
characteristics that differ from those shared by two-peptide 
bacteriocins and contribute to make them class IId 
bacteriocins [3, 4].  
[1] Batdorj, B., Dalgalarrondo, M., Choiset, Y., 
Pedroche, J., Métro, F., Prévost, H., Chobert, J.-M., 
Haertlé, T.; J. Appl. Microbiol. 101: 837-848 (2006)  
[2] Cintas, L. M., Casaus, P., Holo, H., Hernandez, 
P. E., Nes, I. F. Havarstein, L.S.; J. Bacteriol. 180: 1988-
1994 (1998)  
[3] Cotter, P. D., Hill, C., Ross, P.; Nature Rev. 
Microbiol. 3: 777-788 (2005).  
[4] Franz, C. M. A., Belkum, M. J., Holzapfel, W. H., 
Abriouel, H., Gàlvez, A.; FEMS Microbiol. Rev. 31: 293-310 
(2007).  
 
P303. Abstract number: 229 
Revealing the lytic mechanism of gomesin by optical 
microscopy of giant unilamellar vesicles and 
isothermal titration calorimetry 
M Domingues1, J Seelig2, K Riske1, A Miranda1 
1Department of Biophysics - Federal University of São 
Paulo, SAO PAULO, Brazil 
2Department of Biophysical Chemistry, Biozentrum, 
University of Basel, BASEL, Switzerland 
Gomesin (Gm) is a potent cationic antimicrobial peptide 
from a Brazilian spider. Here we use optical and 
fluorescence microscopy to study the interaction of Gm, its 
low active linear analogue, [Ser2,6,11,15]-Gm (GmL) and a 
fluorescent labeled analogue, Gm-Rh, with giant 
unilamellar vesicles (GUVs, 10 µm) composed of mixtures 
of the neutral lipid POPC with the negatively charged lipid 
POPG or cholesterol, so as to mimic bacterial and 
mammalian cell membranes, respectively. We observed 
the effect of injecting a peptide solution with a micropipette 
close to GUVs. As a result of peptide-lipid interaction, 
GUVs burst suddenly. Stable pores, which result in leaky 
vesicles, were not observed. Fluorescence microscopy of 
Gm-Rh injected on GUVs confirmed the high peptide/lipid 
affinity. These facts lead us to conclude that Gm and GmL 
disrupt the membrane via the carpet model. GmL exhibited 
lower lytic activity as compared to Gm, but this difference 
vanished at high POPG molar fraction. Additionally, the 
interaction of Gm and GmL with large unilamellar vesicles 
(LUVs, 100 nm) of various POPC:POPG ratios was 
investigated with isothermal titration calorimetry. Binding of 
GmL to negatively charged vesicles is an exothermic 
process for all POPC:POPG ratios investigated. On the 
other hand, the binding of Gm entails an exothermic and 
an endothermic component; the latter is more pronounced 
at low POPG ratio and vanishes for 50 mol% POPG. 
Supported by FAPESP and CNPq. 
 
P304. Abstract number: 235 
D-Maurocalcine, a new potent cell penetrating 
analogue devoid of pharmacological activity 
P.C. Poillot1, K Dridi2, H Bichraoui1, M Ronjat1, J Pécher3, 
H Darbon2, M DeWaard1 

1Grenoble Institute of Neurosciences, LA TRONCHE, 
France 
2Architecture et Fonction des Macromolécules Biologiques, 
MARSEILLE, France 
3Smartox, GRENOBLE, France 
Maurocalcine (MCa) is a 33-mer peptide isolated from the 
venom of the scorpion Scorpio maurus palmatus. MCa 
possesses three disulfide bridges connected according to 
the pattern cys3-cys17, cys 10-cys21 and cys16-cys32 and 
contains three β-strands running from amino acid residues 
9-11 (strand 1), 20-23 (strand 2), and 30-33 (strand 3), 
respectively, with β-strands 2 and 3 forming an antiparallel 
β-sheet. MCa has proven to be a highly potent modulator 
of the skeletal muscle ryanodine receptor type 1 (RyR1), 
an intracellular calcium channel target. The peptide 
stimulates the binding of [3H]-ryanodine onto purified RyR1 
or RyR2 present in sarcoplasmic reticulum (SR) vesicles. 
In addition, MCa can be used as vector for the cell 
penetration of various compounds. Herein, we sought a 
novel strategy for the design of an analogue of MCa that 
would lose its pharmacological activity while retaining most 
of its cell penetration efficacy. These goals have been 
reached by synthetising a MCa with D-amino-acids. The 
peptide retains intact cell penetration properties, and 
completely loses pharmacological regulation of RyR1. In 
addition, it is protease resistant. The 3D structure of this 
analogue will be presented. 
 
P305. Abstract number: 243 
Peptide constructs that interfere with the Sec pathway 
can reduce the secretion of bacterial pathogenicity 
factors 
MSc Al-Qudsi, R Frank, W Tegge 
Helmholtz Centre for infection research, 
BRAUNSCHWEIG, Germany 
The development of novel strategies for antimicrobial drugs 
against bacterial infections is confronted with fast 
development of resistance. The emergence of antibiotic-
resistant strains of Staphylococcus aureus like MRSA and 
VISA demands modification in the strategy of antimicrobial 
agents aiming to reduce the selective pressure. In our 
study, we focus on the major bacterial secretion pathway 
Sec as a novel target. Through the Sec pathway most of 
the bacterial virulence factors are secreted or displayed on 
the surface. We aimed to disarm S. aureus from its 
virulence factor V8 protease (SspA) in a co-translational 
phase, trying to reduce its secretion through the membrane 
nano-translocon by synthetic peptides, avoiding at the 
same time to kill the bacteria and inhibit their growth. For 
that purpose we investigated the bacterial uptake of 
several known cell penetrating peptides (CPPs) in their 
fluorescein-conjugated form. Uptake efficiency was 
quantified by confocal laser fluorescence microscopy and 
the HIV Tat derived peptide showed the most promising 
properties.  
Based on this result, a competitive peptide (40 AA), that 
consists of (1) a mimic sequence of the V8 protease 
secretion signal sequence (29 AA long) and (2) the HIV Tat 
sequence (11 AA long), was synthesized by Fmoc 
chemistry and also tested for internalization into S. aureus.  
Incubation of growing bacteria with the peptide construct at 
10 M reduced secretion of the V8 protease after 24h of up 
to 50%. A scrambled control sequence did not show 
activity. As a conclusion, engaging peptides as ”disarming 
tools”of microorganism virulence can open a new strategy 
of antimicrobial intervention. 
 
P306. Abstract number: 262 
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Integrin Cytoplasmic Tail Derived Peptide Conjugated 
To A Cell Penetrating Sequential Carrier Inhibits 
Human Platelet Aggregation 
E. Tsikaris1, E Sereti2, A Dimitriou2, C Papadopoulos1, V 
Moussis2, D Tsoukatos2, M Sakarellos-Daitsiotis2, AD 
Tselepis2 
1University of Ioannina, IOANNINA, Greece 
2Dept of Chemistry, University of Ioannina, IOANNINA, 
Greece 
Integrin αIIbβ3 is the major adhesion receptor on platelets, 
playing a key role in the final step of platelet aggregation 
and thrombus formation during hemostasis and 
thrombosis. In resting platelets, the receptor αIIbβ3 exists in 
a low affinity closed conformation. Upon platelet activation 
by several agonists, αIIbβ3 receives intracellular signals 
(inside-out signaling) that allow cytoplasmic proteins to 
interact with the cytoplasmic domains of αIIbβ3 subunits, 
resulting in platelet aggregation. Previous results have 
demonstrated that the RPPLEED (residues 997-1003) 
sequence of the αIIb cytoplasmic tail is important for the 
αIIbβ3 activation and platelet aggregation (Koloka V et al. 
2008). Aiming to disrupt the inside-out signalling pathway 
and inhibit platelet thrombus formation peptide analogues 
derived from αIIb 997-1003 cytoplasmic region (RPPLEED, 
CRPPLEED) were synthesized in their N-terminus 
iodoacetylated form and N-terminus acetylated form 
correspondingly. These peptide sequences were 
conjugated to a recently developed Cell Penetrating 
Sequential Carrier (CPSC) (Ac-[Lys-Aib-Cys]4-NH2) (Papas 
et al. 2007), which incorporates the cysteine residue for 
anchoring the bioactive molecules through thioether or 
disulfide bond, in order to investigate their membrane 
permeability, as well as their inhibition potency on the 
platelet aggregation. From the biological assays in PRP 
platelets we concluded that the modified peptides 
penetrate platelet membrane and inhibit human platelet 
aggregation, in contrast to the corresponding free peptide 
analogues. References: Koloka V. et al. (2008), Platelets 
19, 502-511. Papas et al. (2007), J. Pept. Sci. 13, 662-671.  
 
P307. Abstract number: 265 
CARGO DELIVERY INTO HUMAN PLATELETS USING 
THE Tat(48-60) CELL-PENETRATING PEPTIDE 
E. Tsikaris1, P Stathopoulos2, A Dimitriou2, V Moussis2, M 
Sakarellos-Daitsiotis2, D Tsoukatos2, AD Tselepis2 
1University of Ioannina, IOANNINA, Greece 
2Dept of Chemistry, University of Ioannina, IOANNINA, 
Greece 
Translocation of proteins and other therapeutic 
macromolecules, which do not go through the cell 
membrane by themselves, into the cell, is a recently 
developed novel technology for the intracellular drug 
delivery. One of the most often used membrane-permeable 
carrier peptide is the arginine-rich cationic peptide derived 
from Human Immunodeficiency Virus type 1 (HIV-1) Tat 
protein (position 48-60, G48RKKRRQRRRPPQ60). Although 
the membrane permeability of the above cationic peptide 
and the intracellular cargo delivery has been investigated 
in multiple aspects, it is not yet clear how such a cationic 
and hydrophilic peptide is able to penetrate the 
hydrophobic lipid bilayer of cell membrane and to bring 
bioactive molecules into cells. Several uptake studies 
demonstrate that the internalisation occurs either directly 
across the plasma membrane or endocytotically and the 
uptake mechanism depends on both the type of peptide 
and the cell culture model that was used. Studies based on 
cellular toxicity induced by the Tat-derived peptide, showed 
very low toxicity in various types of cells and little 
perturbation of the plasma membrane despite of its highly 

cationic nature. However, there are not data relative either 
to the ability of Tat-derived peptide to penetrate the platelet 
membrane or its effect on the platelet activation. To this 
aim, we synthesized various peptide analogues derived 
from the β3-cytoplasmic domain of αIIbβ3 integrin (Koloka V 
et al. 2008), tagged with the Tat(G48RKKRRQRRRPPQ60) 
sequence. Using confocal microscopy and flow cytometry 
assays we conclude that although the cell-penetrating 
peptide Tat(48-60) facilitate the entrance of exogenous 
macromolecules into the platelets, it exhibit stimulatory 
effect on platelet at concentrations higher than 62.5 µM. 
This result may impose restrictions on the in vivo use of the 
Tat carrier for intracellular cargo delivery. References: 
Koloka V. et al. (2008), Platelets 19, 502-511.  
 
P308. Abstract number: 266 
Comparison of the Mechanism of Action of 
Antimicrobial Peptides on Giant Unilamellar Vesicles 
Via Optical Microscopy 
MNC Martins, TM Domingues, KA Riske, A Miranda 
Federal University of São Paulo, SÃO PAULO, Brazil 
Antimicrobial peptides (AMPs) are important components 
of the innate defense system of plants and animals against 
microorganisms, such as bacteria and fungi. Most AMPs 
are cationic and amphipathic, features which are essential 
for their non-specific interaction with the lipid phase. 
Initially, the cationic aspect of AMPs ensures an 
accumulation at the membrane surface of microorganisms, 
rich in negatively charged lipids. Subsequently, the 
amphiphilic character of the AMPs facilitates their insertion 
into lipid bilayers, with formation of pores and/or disruption 
of membranes. Therefore, the interaction of AMPs with 
lipid bilayers has been extensively studied as a means to 
widen the knowledge on the mechanism of membrane 
destabilization by AMPs [Domingues, T. M. et al., 
Langmuir. DOI: 10.1021/la100662a]. In particular, giant 
unilamellar vesicles (GUVs; diameter around 10 m) have 
been used recently in such studies because their 
morphology and dynamics can be directly followed with 
more detail by using optical microscopy. This allows 
distinguishing among different mechanisms of membrane 
destabilization. Formation of stable toroidal pores results in 
leaky, yet integer vesicles, whereas disruption via the 
carpet mechanism cause burst of GUVs. Here we use 
optical microscopy to study the interaction of different 
AMPs with giant unilamellar vesicles (GUVs) composed of 
mixtures of the neutral lipid 1-palmitoyl 2-oleoyl 
phosphatidylcholine (POPC) with the negatively charged 
lipid 1-palmitoyl 2-oleoyl phosphatidylglycerol (POPG) or 
cholesterol (1:1), so as to mimic bacterial and mammalian 
cell membranes, respectively. Peptides were synthesized 
by SPPS, purified by RP-HPLC and characterized by 
LC/ESI-MS. Our results suggest that the AMPs are 
discussed in terms of the different mechanisms involved in 
the destabilization of the lipid membrane. We show that 
gomesin and polyphemusin 2 act via the carpet model 
which causes the burst of GUVs, whereas magainin 2, 
protegrin 1 and tachyplesin 1 are able to form stable 
toroidal pores across the membrane. Supported by 
FAPESP, CNPq and CAPES. 
 
P309. Abstract number: 269 
Conformational Comparative Studies of Gomesin and 
its Analogues by Using Circular Dichroism and 
Fluorescence Spectroscopies 
P.T. Campana1, TM Domingues2, A Miranda2 
1University of Sao Paulo, SÃO PAULO, Brazil 
2Department of Biophysics - Federal University of São 
Paulo, SAO PAULO, Brazil 



146

Posters 281-328: Antibacterial- and Cell Penetrating- and Lipo-peptides 

Gomesin (Gm) is a potent antimicrobial peptide that was 
isolated and characterized from the Brazilian spider 
Acanthoscurria gomesiana. Due to its large range of 
antimicrobial and antifungical activities, Gm seems to be 
an interesting lead compound in the development of 
alternative new drugs for human therapy. With the aim of 
understand the interaction of this peptide with biomimetic 
membranes systems, we studied Gm and its cyclic and 
linear analogues conformational behavior in the presence 
of SDS (monomer and micellar form). Conformational 
studies were performed by Circular Dichroism (CD) and 
fluorescence spectroscopies. CD spectra obtained for all 
peptides in 1 or 15 mM SDS displaied a profile that is 
characteristic of a β-turn structure. In water, linear 
analogues exhibited CD spectra typical of a random coil 
conformation. Cyclic analogues had the same behavior of 
Gm in water and also showed a β-turn conformation. 
Fluorescence spectra showed changes in the maxima 
fluorescence emission of about 10 nm when the peptides 
were transferred from the aqueous medium to the less 
polar micellar environment, caused a blue-shift from 
around 350 nm to 340 nm. These data corroborate 
previous results that suggest that electrostatic interactions 
play an important role in the mechanism of action of 
gomesin. Moreover, the results show that hydrophobic 
interactions also contribute to membrane binding of this 
antimicrobial peptide. Supported by FAPESP and CNPq. 
 
P310. Abstract number: 288 
Lasiocepsin: Novel antimicrobial peptide from the 
venom of the eusocial bee Lasioglossum laticeps 
LM Monincova, O Hovorka, Z Voburka, V Fucik, L 
Bednarova, P Malon, J Slaninova, V Cerovsky 
Institute of Organic Chemistry and Biochemistry AS CR, 
v.v.i., PRAGUE, Czech Republic 
We have already shown that the venom of wild bee is a 
rich source of pharmacologically interesting antimicrobial 
peptides (AMPs). Particularly, three AMPs named 
lasioglossins were identified recently by us in the venom of 
wild eusocial bee Lasioglossum laticeps [1]. Further 
detailed inspection of the venom extract of this wild bee 
revealed the presence of other interesting AMPs. One of 
those, which we named lasiocepsin, is 27 residues and two 
intramolecular disulfide bridges containing peptide. Its 
primary sequence was determined by ESI-QTOF mass 
spectrometry and by Edman degradation as 
GLPRKILCAIAKKKGKCKGPLKLVCKC. The pattern of 
disulfide bridges (Cys8-Cys25, Cys17-Cys27) was 
determined by MS analysis of the fragments resulting from 
trypsin digestion. The SPPS of lasiocepsin using the 
standard protocol of Nα-Fmoc chemistry on 2-chlorotrityl 
chloride resin with trityl protection of all Cys residues 
resulted in a crude peptide showing HPLC profile 
dominated by the peak of required product. The oxidative 
folding of purified linear peptide performed under open air 
resulted however in the mixture of three peptides differing 
in positions of disulfide bridges. The amount of required 
product in the mixture represented roughly half of the 
distribution. Synthetic lasiocepsin showed potent 
antimicrobial activity against both Gram-positive and -
negative bacteria, especially against Pseudomonas 
aeruginosa and no hemolytic activity against rat and 
human erythrocytes. Lasiocepsin also possess antifungal 
activity against Candida albicans. CD study of the 
lasiocepsin secondary structure indicates significant 
proportion of α-helical conformation. This proportion even 
slightly increases upon addition of helix supporting 2,2,2-
trifluoroethanol.  

[1] Čeřovský V, Buděšínský M, Hovorka O, et al. (2009) 
Lasioglossins: Three novel antimicrobial peptides from the 
venom of the eusocial bee Lasioglossum laticeps 
(Hymenoptera: Halictidae). ChemBioChem 10:2089-2099  
The work was supported by the Czech Science 
Foundation, grant No. 203/08/0536 and the research 
project No. Z40550506 of the Institute of Organic 
Chemistry and Biochemistry, Academy of Sciences of the 
Czech Republic. 
 
P311. Abstract number: 363 
Antimicrobial activity of dipeptides with 3-[2-(8-
quinolinyl)benzoxazol-5-yl]alanine 
J.B. Bejnarowicz1, K Guzow1, M Obuchowski2, W Wiczk1 
1University of Gdansk, Faculty of Chemistry, GDANSK, 
Poland 
2Intercollegiate Faculty of Biotechnology, Medical 
University of Gdansk, GDANSK, Poland 
3-[2-(8-quinolinyl)benzoxazol-5-yl]alanine is fluorescent 
unnatural amino acid with some antimicrobial [1] and 
cytotoxic [2] potential. To determine an influence of 
modification in position 5 of the benzoxazole, the series of 
dipeptides with above-mentioned derivative were 
synthesized. All proteinogenic amino acids, except 
cysteine, were attached to C- and N-terminus of the 
benzoxazolylalanine, respectively. Dipeptides were 
synthesized in solution using Boc/Bzl tactics. The activity of 
all obtained peptides was screened against model Gram-
positive (Bacillus subtilis) and Gram-negative (Escherichia 
coli) bacteria whereas antifungal activity was tested against 
yeast Pichia pastoris. The minimal inhibitory concentrations 
were determined using two-fold serial dilution technique. 
Additionally, the active derivatives were then tested against 
most important pathogens. 
[1] K. Guzow, M. Obuchowski, W. Wiczk, Acta Biochim. 
Pol., 53 (suppl) (2006) 184.  
[2] Mulkiewicz E., Guzow K., Wiczk W., Acta Biochim. Pol., 
54 (suppl) (2007) 200.  
This work was financially supported by the Polish Ministry 
of Science and Higher Education under grant 
0212/H03/2007/33. 
 
P312. Abstract number: 375 
Synthesis of macrocyclic antifungal peptides: Towards 
novel antifungal agents against invasive fungal 
infections 
MPC Mulder, J Kruijtzer, R Liskamp 
Utrecht University, UTRECHT, The Netherlands 
Echinocandins are a class of antifungal agents that act by 
inhibiting the β-(1,3)-D-glucan synthase complex, which is 
responsible for the biosynthesis of the major cell wall 
biopolymer β-(1,3)-glucan. Glucan is absent in human 
cells, making inhibition of its biosynthesis a selective 
antifungal approach. By blocking the synthesis of β-(1,3)-
glucan, the cell wall is weakened, leading to lysis of the 
cells. Different fungi have varying amounts of chitin, 
glucans, mannoproteins, and other cell wall constituents 
making some species more susceptible to the 
echinocandins than others. 1,3-β-D-glucan is a major cell 
wall component of Candida and Aspergillus species, 
rendering them more vulnerable to these antifungals.  
Echinocandins are highly oxygenated cyclic hexapeptides 
with a lipophilic side chain.  
Due to the large number of hydroxyl groups in these 
lipopeptides most structure activity relationship studies 
were based on semisynthetic derivatives starting from the 
natural compounds. In 1992 the first total synthesis of 
simplified echinocandin analogues was reported by Merck. 
Structure activity relationship data from this work showed 
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that several of the functional groups, primarily the hydroxyl 
groups, were not necessary for its antifungal activity.  
Therefore, the aim of this project was to investigate more 
extensively the cyclic peptide ring structure on the 
antifungal activity and evaluate if additional more simpel 
derivatives could be obtained.  
By designing a simplified hexapeptide; cyclo[Hyp-Orn-
hTyr-Hyp-Thr-εOrn] with a lipophilic terphenyl side chain, 
the importance of ring size was studied.  
Moreover, we were interested in the synthesis and activity 
of echinocandin analogs obtained by alternative cyclization 
methods such as ring closing metathesis or disulfide 
formation. This also allowed the study of modification of the 
C-terminus.  
The specific minimum inhibitory activity for each mimic was 
determined by testing with Candida (fungal). 
 
P313. Abstract number: 381 
Synthesis and biological investigation of 
(bis)intercalator-functionalized cell penetrating 
peptides 
K. S. Splith 
Leipzig University, LEIPZIG, Germany 
Bioorganometallic chemistry has become more important 
in several fields, especially in the development of new 
drugs for cancer treatment. Over the last years numerous 
promising new organometallic lead structures have been 
developed exhibiting highly active cytostatic properties. 
However, the efficiency of such chemotherapeutics in the 
treatment of tumors is often limited by their low air-stability, 
water solubility and bioavailability. Recently, so called cell-
penetrating peptides (CPP) have emerged as potent tools 
to introduce substances into cells. CPP are an 
inhomogenic group of peptides that share the ability to 
translocate in a large number of different cell-lines without 
the need of a receptor or transporter molecule. Thereby 
they are capable to transport various cargos inside cells, 
like proteins, oligonucleotides, nanoparticles or small 
organic drugs.  
This work describes the synthesis of (bis-)intercalator-
functionalized cell-penetrating peptides sC18 based on an 
antimicrobial peptide cathelicidin CAP18 which should act 
as a transporter for the metal complexes. In previous 
studies we could show, that this peptide is able to transport 
different covalently coupled organometallic compounds into 
tumor cell lines, enhancing the cytotoxic properties of the 
compounds.[1] Here, as metal complex 
iridium(III)/rhodium(III) polypyridyl complexes were chosen, 
which showed an intercalative binding with DNA and 
represent a promising class of potent cytostatic agents.[2] 
Synthesis of the peptide was achieved by solid phase 
peptide synthesis using standard Fmoc chemistry and 
activation by HOBt/DIC. The metal complexes were 
attached to the peptide either by complexation or by 
covalent coupling. Then products were characterized and 
tested with respect to their cytotoxicity against tumor cells.  
[1] Splith K; Neundorf I; Hu W; N'dongo H W P; Vasylyeva 
V; Merz K; Schatzschneider U. Dalton Transactions, 2010, 
39, 2536-2545.  
[2] Kokoschka M; Bangert J-A; Stoll R; Sheldrick W S. 
European Journal of Inorganic Chemistry, 2010, 2010, 
1507-1515. 
 
P314. Abstract number: 382 
Selective membrane interactions of nucleolar-
targetting peptides 
R Rodrigues1, G Radis-Baptista2, B G. de la Torre3, M 
Castanho1, D Andreu3, N C. Santos1 
1Instituto de Medicina Molecular, LISBOA, Portugal 

2Instituto de Ciências do Mar - Universidade Federal do 
Ceará, FORTALEZA, Brazil 
3Department of Experimental Health Sciences - 
Universidad Pompeu Fabra, BARCELONA, Spain 
Nucleolar-targeting peptides (NrTPs) were recently 
designed by structural dissection of crotamine, a toxin from 
the venom of a South-American rattlesnake [1]. At µM 
concentration, NrTPs penetrate different cell types and 
exhibit exquisite nucleolar localization. The aim of this work 
was to decipher the molecular mechanism for the 
translocation of NrTPs into cells. Quantification of partition 
into membranes was carried out based on intrinsic tyrosine 
fluorescence [2] using biomembrane model systems (large 
unilamellar vesicles). The role of the bilayer phase, anionic 
lipids, reducing agents and peptide concentration on the 
extent and kinetics of partition were studied. The results for 
NrTP1 and NrTP2 partition, evaluated by steady-state 
fluorescence spectroscopy, revealed that both peptides 
have high partition to POPC (zwitterionic) and POPG 
(anionic) lipid vesicles. The peptides showed a decrease in 
partition for POPC:cholesterol (liquid ordered state) or 
DPPC (gel) membranes. Time-resolved fluorescence 
spectroscopy confirmed these observations. Quenching 
experiments with acrylamide showed that the Tyr residues 
are exposed to acrylamide and that there are no major 
peptide aggregates in solution. In the presence of lipid 
vesicles there is a reduction of the exposure to acrylamide 
of the Tyr residues. The reducing agent TCEP (tris(2-
carboxethyl)phosphine) was used to assess dimerization, 
as these peptides contain one Cys residue, which can 
promote the formation of disulfide bonds. Results revealed 
the presence of some disulfide bond. In order to determine 
the ability of NrTP1 and NrTP5 (D-enantiomer of NrTP1) to 
translocate into giant unilamellar vesicles (GUV), 
rhodamine B labeled peptides were used. Confocal 
microscopy results showed that both peptides translocate 
membranes, even into mulitlamellar systems. However, the 
extension of the translocation is apparently higher when 
lymphocytes (either primary or cell lines) were used 
instead of GUV. The above results suggest that, although 
peptide translocation is enhanced for cell membranes, the 
entry is not dependent on a specific receptor.  
[1] G. Rádis-Baptista, B. de la Torre, D. Andreu, J. Med. 
Chem. 2008, 51, 7041-7044.  
[2] N. C. Santos, M. Prieto, M. A. R. B. Castanho, Biochim. 
Biophys. Acta, 2003, 1612, 123-135.  
 
  
P315. Abstract number: 400 
Towards a new anionic Cell-Penetrating Peptide: 
SAP(E) 
I. M. Martín, M Teixidó, E Giralt 
Institute for Research in Biomedicine (IRB), BARCELONA, 
Spain 
Cell-penetrating peptides (CPPs) are powerful tools to 
internalize cargoes in cells without damaging their 
membrane, thus allowing cell-impermeable molecules to 
penetrate the cytoplasm in order to exert a desired action 
[1-5]. The vast majority of these peptides described until 
now share, among other properties, that of being positively 
charged at physiological pH [6]. Furthermore, in several 
cases a clear correlation between the increasing number of 
positive charges and the internalization properties has 
been reported. Here we describe what to the best of our 
knowledge is the first anionic CPP. This new compound 
SAP(E) internalizes into several cell lines with good 
efficiency and shows low toxicity. We also report on the 
internalization mechanism. The discovery of this new class 
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of CPPs opens the way to the intracellular delivery of new 
molecular cargoes.  
[1] Goun, E. A.; Pillow, T. H.; Jones, L. R.; Rothbard, J. B.; 
Wender, P. A. ChemBioChem 2006, 7, 1497-1515.  
[2] Zhao, M.; Weissleder, R. Medicinal Research Reviews 
2004, 24, 1-12.  
[3] Snyder, E. L.; Dowdy, S. F. Pharmaceutical Research 
2004, 21, 389-393.  
[4] Joliot, A.; Prochiantz, A. Nat Cell Biol 2004, 6, 189-196.  
[5] Gupta, B.; Levchenko, T. S.; Torchilin, V. P. Advanced 
Drug Delivery Reviews 2005, 57, 637-651.  
[6] Hansen, M.; Kilk, K.; Langel, Ü. Advanced Drug 
Delivery Reviews 2008, 60, 572-679.  
 
P316. Abstract number: 431 
Studies towards improved stability and permeability of 
a cell-penetrating peptide 
JDC Dahlqvist Clausen1, L Linderoth2, RB Andersen2, H 
Franzyk1, HM Nielsen1 
1Faculty of Pharmaceutical Sciences, University of 
Copenhagen, COPENHAGEN Ø, Denmark 
2Novo Nordisk A/S, MÅLØV, Denmark 
Since drug delivery facilitated by cell-penetrating peptides 
(CPPs) became known some decades ago, research in 
this field has been intensified in order to solve the issues 
regarding their practical utility for delivery of 
biopharmaceuticals. Especially focus concerning further 
development of CPP sequences with increased in vivo 
stability is likely to result in higher efficiency of these 
peptidic carriers.  
The aim of the present project is to improve the membrane 
translocation properties of the naturally derived CPP 
penetratin mainly by increasing the stability against 
enzymatic degradation without loss of membrane activity, 
and thus potentially improved delivery efficiency.  
Novel unnatural amino acids as well as D-amino acids are 
incorporated into penetratin and the stability of the resulting 
analogs is assayed against intestinal enzymes. In addition 
the transepithelial delivery will be correlated to 
physicochemical and structural features of the peptide 
analogs. The nine unique amino acid building blocks 
containing additional cationic charges have been 
synthesized from enantiopure aziridines. The increased the 
number of net positive charges, may lead to improved 
interaction of the CPP with the cell-membrane in addition 
to increased intestinal enzymatic stability of the CPP. By 
measuring the resilience towards degradation by intestinal 
rat juice, the enzymatic stability of penetratin is estimated. 
In order to identify the initial cleavage sites of penetratin 
exposed to intestinal enzymes, the metabolites were 
identified by Orbitrap-MS. The initial cleaving sites are 
considered optimal sites for incorporation of the novel 
amino acids.  
Our results showed that merely a single mutation in one of 
the initial cleavage sites could increase the stability of 
penetratin toward intestinal juice from rats by three fold. 
Further development of stable analogs will be performed 
by SPOT-synthesis. 
 
P317. Abstract number: 444 
Cyclodextrin Scaffolded Alamethicin with highly 
efficient Channel-forming Properties 
U. Hjørringgaard1, BS Vad2, SB Nielsen2, V Matchkov3, T 
Vosegaard1, NC Nielsen1, DE Otzen2, T Skrydstrup1 
1Dept. of Chemistry, Aarhus University, AARHUS, 
Denmark 
2Dept. of Molecular Biology, Aarhus University, AARHUS, 
Denmark 

3Institute of Physiology and Biophysics, Aarhus University, 
AARHUS, Denmark 
Bacterial resistance to classical antibiotics has become a 
serious- and growing medical problem. Small antimicrobial 
peptides represent a potential solution and are increasingly 
being developed as novel therapeutic agents. Many of 
these peptides owe their antibacterial activity to the 
formation of trans-membrane ion-channels resulting in cell 
lysis. However, to further develop the field of peptide 
antibiotics a thorough understanding of their mechanism of 
action is needed.  
Alamethicin represents one of these antimicrobial peptides, 
constructed of 20 amino acids of which eight are α-
aminoisobutyric acid Aib. Alamethicin inserts into lipid 
bilayers, aggregates and forms voltage-gated channels, 
which accounts for its antibiotic activity. To examine these 
dynamics of assembly in alamethicin aggregates and to 
contribute to the development of artificial ion channels, we 
have synthesized templated alamethicin multimers 
covalently bound to cyclodextrin (CD) scaffolds.  
The peptides are attached to the CD scaffold using the 
Cu(I)-catalyzed alkyne azide cycloaddition, also known as 
”click chemistry”. CD has been functionalized with azide-
groups and alamethicin has been synthesized using 
automated solid phase peptide synthesis. A linker 
containing the alkyne-group has been coupled on to the 
peptide. The 1,3-dipolar cycloaddition is very selective and 
can hence be done with unprotected CD´s and peptides.  
By the use of oriented circular dichroism, calcein release 
assays and single channel current meassurements, the 
templated multimers have been shown to insert into lipid 
bilayers forming highly efficient and stable ion-channels. 
 
P318. Abstract number: 466 
DeIivery of anti-inflammatory agents and a-
methylalanine-modified antimicrobial peptides for 
treatment of Clostridium difficile infection 
M Devocelle, D Kennedy 
Royal College of Surgeons in Ireland, DUBLIN, Ireland 
The bacterium Clostridium difficile is the main cause of 
pseudomembranous colitis and diarrhoea associated with 
treatment by antibiotics. As strains of Clostridium difficile 
have acquired resistance to many antibiotics, treatment of 
infection has been limited mainly to the antibiotics 
metronidazole and vancomycin [1], and new antibiotic 
treatments need to be developed. Cationic antimicrobial 
peptides offer potential as new antibiotics against a broad 
spectrum of pathogens, including bacteria, fungi, and 
cancer cells [2.] We have designed a method of combined 
delivery of antimicrobial peptides and anti-inflammatory 
agents for treatment of infection and colitis caused by 
Clostridium difficile [3]. This method of delivery is facilitated 
by optimisation of the antibacterial potency of the 
antimicrobial peptide by modification at the ammonium 
terminal by the amino acid residue alpha-aminoisobutyric 
acid [4].  
This publication has emanated from research conducted 
with the financial support of Science Foundation Ireland.  
1. Rupnik, M.; Wilcox, M. H.; Gerding, D. N., Clostridium 
difficile infection: new developments in epidemiology and 
pathogenesis. Nat. Rev. Microbiol., 2009, 7(7), 526-536.  
2. Zhang, L.; Falla, T. J., Antimicrobial peptides: 
therapeutic potential. Expert Opin. Pharmacother., 2006, 
7(6), 653-663.  
3. Kennedy, D.; Devocelle, M.; Humphries, H., Novel 
combined delivery of antimicrobial peptides and anti-
inflammatory agents for treatment of Clostridium difficile 
infection and disease. Biopolymers, Peptide Science, 
2009, 92(4), 310.  
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4. Kennedy, D. A.; Devocelle, M., in 21st American Peptide 
Symposium (Ed.: Lebl, M.), American Peptide Society, 
Bloomington, Indiana, U.S.A., 2009, pp. 290-291. 
 
P319. Abstract number: 476 
Discovery of novel short AMPs with therapeutic 
potential by combining medium throughput screening 
and different QSAR approaches 
KH Hilpert1, S Ruden1, R Hancock2, R Mikut1 
1KIT, EGGENSTEIN LEOPOLDSHAFEN, Germany 
2UBC, VANCOUVER, Canada 
Despite decades of intensive research, antimicrobial 
peptides (AMPs) have not yet revealed all their secrets; in 
fact, increasingly they are appearing to be more complex 
than previously imagined. In recent years, it has become 
clear that they are not only able to kill Gram-positive and 
Gram-negative bacteria, fungi, parasites and enveloped 
viruses, but can also alter immune response in mammals. 
They have been used successfully in animal models, for 
the prevention of septic shock, they have been shown to 
be chemotactic, promoting wound healing and 
angiogenesis, and they have been found to selectively 
modulate chemokine and cytokine production; however, 
the mode of action of these AMPs, especially short 
peptides with a length between 9-13 amino acids, are not 
yet understood. Little is known about the sequence 
requirements of short cationic AMPs. With help of our 
novel technique using an artificially created luminescence 
producing Gram negative bacterium and peptide synthesis 
on cellulose (SPOT technology), we investigated the 
sequence requirements of such peptides. Several 
thousands of peptides were tested for their ability to kill 
Pseudomonas aeruginosa. Complete substitution analyses 
of different indolicidin variants as well as a semirandom 
peptide library with about 3000 members were studied. 
The complete substitution analysis gave us information 
about the importance of each single position whereas the 
peptide library gave us broader information concerning 
which composition of amino acids resulted in an active 
antimicrobial peptide. The data is being analyzed using a 
different quantitative structure-activity relationship 
approach (QSAR) to A) increase the percentage of active 
peptides in a library (100000 peptides were screened in 
silico) without very complex descriptors and B) understand 
the rules by using simple descriptors that discriminate 
between active versus inactive. This is providing us with 
mechanistic cues for a better understanding of the mode of 
action of the short antimicrobial peptides. The results of 
these measurements and analyses will be discussed in 
detail. 
 
P320. Abstract number: 488 
Reduced phosphorylation of lipopolysaccharide 
decreases E. coli susceptibility to the human host 
defence peptide LL-37 
R Gennaro, K Bociek, S Ferluga, M Mardirossian, M 
Benincasa, A Tossi, M Scocchi 
University of Trieste, TRIESTE, Italy 
Antimicrobial peptides (AMPs) contribute to host defence in 
both animals and plants. In mammals, the most important 
AMP families are defensins and cathelicidins. The only 
human cathelicidin, LL-37, is a 37-residue, α-helical, 
cationic peptide with a direct membranolytic antibacterial 
activity and with multifunctional immunomodulatory 
capacities. It kills bacteria primarily by altering the 
membrane bilayer barrier, like many other AMPs, although 
the exact mechanism of action is not yet known. To 
increase our knowledge on the bacterial components 
involved in its mode of action, we screened an E. coli 

knock-out mutant library in search for mutations conferring 
altered susceptibility to LL-37. The library was created by 
random insertion of the Tn5 transposon into the bacterial 
genome and mutants with decreased susceptibility to LL-
37 were selected by plating E. coli cells on peptide-
supplemented solid medium. The different susceptibility of 
the wild-type and mutant cells was characterised by 
determining the effect of increasing peptide concentrations 
on either the kinetics of bacterial growth or the kinetics of 
bacterial killing, by observing peptide binding to the cells 
using confocal microscopy, and by measuring membrane 
permeabilisation using flow cytometry.  
In 15 out of 20 LL-37-resistant mutants, Tn5 insertion was 
observed to occur in the waaY gene, encoding for a 
specific kinase responsible of the phosphorylation of the 
Hep II residue in the core region of bacterial 
lipopolysaccharide (LPS). This modification decreased the 
peptide’s ability to inhibit bacterial growth or to kill bacterial 
cells at micromolar concentrations, correlating with 
reduced binding to and permeabilisation of bacteria. 
Susceptibility to several other AMPs of different structural 
classes, including helical ones, was however unaffected, 
indicating that binding may relate also to LL-37’s particular 
structure. WaaY inactivation thus determines a decreased 
anionicity of the outer membrane due to a missing 
phosphorylation of a specific sugar residue, which in turn 
causes a significant but selective reduction in peptide 
binding to the cell surface and a decreased antibacterial 
activity. The results reveal a putative LPS-binding site for 
LL-37 and stress the importance of the electrostatic 
properties of the cell surface for binding of and 
susceptibility to LL-37. 
 
P321. Abstract number: 489 
Combination of a Host Defence Peptide with a 
classical cytotoxic agent and their delivery to cancer 
cells 
M Devocelle, J Harmey, G Kelly 
Royal College of Surgeons in Ireland, DUBLIN, Ireland 
Chemotherapy combinations have been the mainstays in 
the treatment of most types of cancer at advanced stages 
in the past half century. Multi-drug therapies may 
circumvent mechanisms of tumour resistance to single 
agents and potentially provide greater clinical benefit if the 
selected agents act synergistically in combination.  
Host defence peptides are multifunctional molecular 
effectors of innate immunity, the first line of defence 
against infection in multicellular organisms. They are 
recognised as promising candidates for the development of 
novel antimicrobial but also anticancer agents, owing to 
their original mode of action which may circumvent the 
classical mechanisms of drug resistance, their low 
propensity to select resistant mutants [1] and their additive 
or synergistic activities with traditional antitumour agents 
[2]. Development of combination therapies require the 
selection of the correct drug combination, the development 
of reliable assays for pre-clinical and clinical evaluation and 
the efficient delivery of these agents.  
Preliminary studies for the delivery of a classical cytotoxic 
agent and a molecular effector of innate immunity to 
tumour cells have been completed. The approach 
developed can also be exploited to facilitate the delivery of 
host defence peptides as single agents.  
This publication has emanated from research conducted 
with the financial support of Science Foundation Ireland 
and Enterprise Ireland.  
[1] Mader JS & Hoskin DW. Cationic antimicrobial peptides 
as novel cytotoxic agents for cancer treatment. Expert 
Opinion on Investigational Drugs, 933-946, 15(8), 2006.  
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[2] Ohsaki Y, Gazdar AF, Chen H-C & Johnson BE. 
Antitumor Activity of Magainin Analogues against Human 
Lung Cancer Cell Lines. Cancer Research, 3534-3538, 
52:1992. 
 
P322. Abstract number: 496 
A Far UV CD study of de novo designed antimicrobial 
coiled coils upon interaction with model membranes 
SLS Lerche1, BB Kragelund2, PW Thulstrup1, J Brahms3, H 
Siegumfeldt1, N Frimodt-Møller4, PR Hansen1 
1Faculty of Life Sciences, University of Copenhagen, 
FREDERIKSBERG, Denmark 
2Faculty of Science, University of Copenhagen, 
COPENHAGEN, Denmark 
3Faculty of Health Sciences, University of Copenhagen, 
COPENHAGEN, Denmark 
4Statens Serum Institut, COPENHAGEN, Denmark 
Multiresistant bacteria have been the cause of growing 
interest in antimicrobial peptides (AMP) as an alternative to 
conventional antibiotics. AMPs show activity towards a 
wide range of pathogens but are often unable to 
differentiate between bacteria and eukaryotes. 
Antibacterial activity and selectivity depends on various 
parameters one of which is the ability to fold into 
amphipatic structures upon interaction with membranes1. 
In the present paper, we studied 5 peptides in different 
membrane models by Far-UV CD-spectroscopy. The 
peptides were designed to be antibacterial and form coiled-
coil structures. Peptides 1-5, were synthesised using 
standard Fmoc SPPS and tested for antibacterial activity 
against E.coli and S.aureus. The hemolytic activity of the 
peptides was tested on human erythrocytes. Far-UV CD-
spectroscopy experiments were analyzed in 150mM NaF, 
and three membrane models mimicking an erythrocyte, 
gram-positive and negative bacteria. The peptides showed 
activity towards E.coli with MIC values of 25-50M. 2 also 
showed activity towards MSSA with a MIC of 50M. All the 
peptides, except 4, showed high hemolytic activity. Far-UV 
CD experiments on 1-5 in NaF revealed that 1,3 and 5 
formed a coiled-coil structure with characteristic negative 
bands at 222 and 208nm with [θ]222/[θ]208≥1 and a positive 
band at 190nm. 2 and 4 showed no distinct structure. 
When introduced to the E.coli-mimick 2 and 4 both 
achieved a coiled-coil like structure with a [θ]222/[θ]208=1. 
When 3 was introduced to the mimic the ratio [θ]222/[θ]208 
changed from 1 in NaF to 1.3, indicating further 
stabilization of the coiled-coil structure. When the peptides 
were introduced to the S.aureus-mimic no changes 
occurred with 2 compared to the CD-spectrum obtained in 
the E.coli-mimick. The CD-spectrum of 3 resembled that 
run in NaF whereas the most significant changes occurred 
for 4 where a characteristic non-interacting α-helical 
structure was obtained with a [θ]222/[θ]208=0,8. When 2,3 
and 4 were introduced to the erythrocyte mimick both 2 
and 3 formed coiled-coils whereas 4 formed a non-
interacting α-helical structure. In conclusion higher-ordered 
structures are important for membrane activity of AMPs. 
Furthermore, structural flexibility could be a key aspect in 
designing peptides with potent antibacterial activity and low 
hemolytic activity. 
[1] Nielsen, S.L. et al 2007. ”Structure activity study of the 
antibacterial peptide fallaxin”. Protein Sci. 16:1969-1976 
 
P323. Abstract number: 497 
Interaction of cell-penetrating peptides with giant 
plasma membrane vesicles 
M. Pooga1, P Säälik1, A Niinep1, J Pae1, D Lubenets1, M 
Hansen1, Ü Langel2 
1University of Tartu, TARTU, Estonia 

2Stockholm University, STOCKHOLM, Sweden 
The plasma membrane areas where the translocation of 
cell-penetrating peptides (CPP) eukaryotic cells is initiated 
has remained unclear in spite of intense research since the 
definition of CPPs as a specific class of a potential delivery 
vehicles.  
We have characterized the interaction of various CPPs 
with the giant plasma membrane vesicles (GPMV) derived 
from the different cell lines as a model of membrane with 
differing compositions. Results obtained with nonaarginine, 
Tat peptide, Penetratin, MAP, Transportan and TP10 
corroborate the classification of CPPs by their amphipathic 
properties. The most amphipathic peptides Transportan 
and MAP have the highest affinity to membranes whereas 
the secondary amphipathic penetratin concentrates in 
model membrane to a lower extent. The membranes of 
vesicles can be induced to segregate into liquid-ordered 
and liquid-disordered membrane domains which can be 
easily distinguished by fluorescence microscopy after 
labeling with cholera toxin and annexin V respectively. The 
above-mentioned amphipathic CPPs showed a clear 
preference towards liquid-disordered areas suggesting the 
involvement of these domains in the cellular uptake of 
amphipathic CPPs. The kinetics of peptide’s association 
with GPMVs was estimated both by fluorescence 
microscopy and FACS analysis on order to analyze the 
efficacy of used CPPs. 
 
P324. Abstract number: 530 
Antimicrobial Oligopeptides And Rapid Alkalinization 
Factors In Chilean Grape 
A. Zamyatnin1, O Voronina2, O Zamyatnin2 
1Universidad Tecnica Federico Santa Maria, 
VALPARAISO, Chile 
2A.N.Bach Institute of Biochemistry, Russian Academy of 
Sciences, MOSCOW, Russia 
One only grape oligopeptide primary structure was 
extracted and characterized before [1] whereas information 
on numerous grape uncharacterized proteins has to be 
found in different protein databases. Thereupon we have 
carried out a theoretical structure-function analysis of 
uncharacterized grape protein amino acid residue 
sequences in order to elucidate new primary structures of 
grape regulatory oligopeptides.  
The data of DEGECHIVID (Chilean Grapewine Genomic 
Project) [2] database containing primary structures of 
unrecognized grape proteins, EROP-Moscow 
(Endogenous Regulatory OligoPeptides) database 
containing information on more than 600 plant regulatory 
oligopeptides [3], and special computer programs [4, 5] 
were used for the comparison of DEGECHIVID information 
with EROP-Moscow data. Six putative antimicrobial 
oligopeptides and four rapid alkalinization factor (RALF) 
sequences have been identified:  
AMP1 
RTCESQSHRFKGTCVRQSNCAAVCQTEGFHGGNCRGF
RRRCFCTKHC  
AMP2 
RPCESQSPRFKGTCVRQSNCAAVCQTEGFHGGNCRGF
RRRCFCTKHC  
AMP3 
KTCESQSHRFKGTCVRHSNCAAVCQTEGFHGGNCRGF
RRRCFCTKHC  
AMP4 
RTCDSQSHRFKGTCVTHINCAAVCHTDGFHGRNCRGF
RRPCFCTKHC  
AMP5 
RLCESQSHWFRGVCVSNHNCAVVCRNEHFVGGRCRG
FRRRCFCTRNC  
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AMP6 
RVCESQSHKFEGACMGDHNCALVCRNEGFSGGKCKGL
RRRCFCTKLC  
RALF1 
ATSKYISYGALQRNSVPCSRRGASYYNCQPGAQANPYN
RGCSTITRCRS  
RALF2 
ASKRYISYGALSRNSVPCSRRGASYYNCRPGAQANPYT
RGCSAITRCRR  
RALF3 
AQRRRYISYGALRRNQVPCNRRGRSYYNCRRGGRANP
YRRGCSVITKCHRFTD  
RALF4 
VMQKKYISYETLKKDMIPCARPGASYYNCRASGEANPY
NRGCEVITGCARGVRDINS  
Four AMPs and all RALFs were described by us earlier [4-
6]. However two AMPs (AMP3 and AMP4) had unique 
amino acid residue sequences not described before. It has 
been noted also that RALF oligopeptides contain many 
positively charged residues (K and R) as well as a wide 
variety of antimicrobial oligopeptides. Such similarity 
serves as proof of poly-functional properties of RALFs.  
Our thanks to H.Peña-Cortes for idea proposal and kindly 
providing access to DEGECHIVID data. This study was 
supported by Chilean National Science and Technology 
Research Fund FONDECYT, Grant No. 1080504. 
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P325. Abstract number: 544 
Microcalorimetric and spectroscopic studies on the 
mechanism of interaction between novel 
peptidomimetics and lipid bilayers 
M. Nielsen1, X Jing1, A Simonsen1, M Kasimova1, M 
Malmsten2, H Franzyk1, C Foged1 
1University of Copenhagen, Faculty of Pharmaceutical 
Sciences, COPENHAGEN, Denmark 
2Uppsala University, Department of Pharmacy, UPPSALA, 
Sweden 
In recent years biomacromolecules such as proteins and 
nucleic acids have been developed into promising drug 
candidates. However, one problem with 
biomacromolecules is that they usually have to pass the 
cell membrane in order to exert their effect. Utilization of 
cell penetrating peptides (CPPs) might be a way to 
enhance their transport across the cell membrane. It is 
becoming increasingly evident that CPP uptake pathways 
may vary depending on the physico-chemical properties of 
the CPP and the cargo that they deliver as well as on the 
specific cell types and the specific experimental conditions. 
Nevertheless, the interaction between CPPs and the 
membrane is one of the first steps of the internalization. A 
way to elucidate the mechanism(s) of cell membrane 
interaction is to analyse the CPP´s interaction with model 
liposomal membranes.   
Previously, we described a new class of CPP mimics, 
which seemed to show superior biological effect compared 
to well-known CPPs. The molecular design of these α-
peptide/β-peptoid chimeras is based on alternating repeats 
of α-amino acids and β-peptoid residues designed to 

benefit from the structure-promoting effects and lipophilicity 
of the unnatural chiral β-peptoid residues, as well as the 
cationic properties of the α-amino acid residues. The 
chimeras are very stable toward proteolysis, non-
hemolytic, possess antibacterial activity and promising cell-
penetrating potential.  
The aim of the current study was to characterize the 
binding between a series of novel CPPs and anionic 
liposomes by a thermodynamic and spectroscopic 
investigation.  
Results from ITC experiments showed that an increased 
number of basic residues in these novel sequences results 
in a more favorable interaction with the anionic liposomes, 
corresponding to data obtained from ellipsometry 
experiments on binding of the mimics to anionic lipid 
bilayers. Additional experiments revealed that hydrophobic 
interactions also contributed to the binding. However, from 
CD spectra it was concluded that the CPP mimics do not 
undergo any major structural changes in the presence of 
anionic liposomes. The ranking obtained by calorimetric 
and spectroscopic methods correlated well with that 
obtained with live cells.  
In conclusion, when comparing the CPP mimics with 
results obtained for well-known CPPs it seems, that the 
binding to anionic liposomes is more favorable for all novel 
CPP mimics investigated, and that the mechanism of 
binding can be described by biophysical studies. 
 
P326. Abstract number: 557 
Glycine And Histidine-Rich Antifungal Peptides: On 
The Way To The Mode Of Action Of Shepherin I 
C. R. REMUZGO, TRS LOPES, TS OEWEL, MTM 
MIRANDA 
Department of Biochemistry, Institute of Chemistry, 
University of Sao Paulo, SAO PAULO, Brazil 
Shepherin I (Shep I) is a 28-mer antimicrobial peptide, 
isolated from the roots of shepherd's purse Capsella bursa-
pastoris, with almost exclusive glycine and histidine 
contents and six tandem repeats of the motif GGH. Aiming 
to understand its structure activity relationship and mode of 
action, we studied Shep I and its truncated, amidated, 
fluorescently labeled and/or tryptophan-containing 
analogues. Peptide assembly was done at 60°C using 
conventional heating and customized protocols. The final 
peptides, purified by RP-HPLC, were characterized by LC-
MS, amino acid analysis and bioassays. The fluorescently 
labeled analogues were also submitted to confocal 
microscopy and FACS analysis.  
Shep Ia, Shep I (3-28)a and Shep I (6-28)a were as active 
as Shep I against Candida albicans strains, C. tropicalis 
Squibb 1600 and Saccharomyces cerevisiae ATCC 2601, 
indicating that Shep I (6-28)a may be the minimal fully 
active portion of Shep Ia. Anticandidal activity of Shep Ia 
was inhibited in high ionic strength, but significantly 
enhanced in the presence of the Zn2+ ion. Such analogue 
killed C. albicans MDM8 cells at 62.5 µM in 30 min, caused 
low hemolysis in human erythrocytes in isotonic glucose 
phosphate buffer (IGP) and was not hemolytic in 
phosphate buffered saline (PBS). The amidated 
fluorescently labeled analogues Fluo-Shep Ia, Fluo-Shep I 
(3-28)a and Fluo-Shep I (6-28)a were more active against 
C. albicans ATCC 90028 than their respective unlabeled-
analogues. Except for the [Trp3]-Shep I (3-28)a analogue, 
all amidated Trp-containing analogues were 2-fold more 
active than Shep Ia against Candida albicans ATCC 
90028. All of them were equally or 2-fold less active than 
Shep Ia against C. parapsilosis ATCC 22019 and equally 
or 2-fold more active against C. krusei ATCC 6258. None 
of them was hemolytic in IGP or PBS. Fluo-Shep Ia, Fluo-
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Shep I (3-28)a and Fluo-Shep I (6-28)a were rapidly 
internalized into Candida albicans in an energy- and 
temperature-dependent manner that suggest 
internalization by endocytic process.  
Altogether, these results indicate that: (i) amidated Trp-
containing analogues of Shep I can act as anticandidal 
drugs; (ii) [Trp6]-Shep I (6-28)a is the best analogue 
obtained so far; (iii) the fluorescently labeled analogues 
have the potential to act as vector for the delivery of 
macromolecules and/or drugs into cells.  
Acknowledgments: FAPESP, CNPq. *present address: 
Special Laboratory of Pain and Signalling, Butantan 
Institute; Sao Paulo, Brazil. 
 
P327. Abstract number: 568 
Identification of antimicrobial domains in proteins by a 
novel in-silico approach 
M. Torrent1, E Boix2, D Andreu1 
1Pompeu Fabra University, BARCELONA, Spain 
2Autonomous University of Barcelona, BELLATERRA, 
Spain 
Discovery of novel leads against antibiotic-resistant 
bacterial pathogens has become an important issue for the 
medical-pharmaceutical communities, in a permanent 
struggle to develop potent, non-toxic antibiotic drugs to 
combat infection. A promising source in this context is the 
ever-growing class of antimicrobial peptides identified in 
eukaryotes over the last three decades. In addition to 
peptides whose main function is antimicrobial, domains 
with distinct antimicrobial properties have long been 
observed in proteins better known for other biological 
functions. To identify these antimicrobial determinants, we 
have developed a theoretical approach that can predict 
antimicrobial behavior from amino acid sequence and thus 
map proteins for antimicrobial domains. Using a training 
set of 50 proteins of known antimicrobial activity plus 50 
other proteins lacking such activity, our algorithm has 
allowed identifying and structurally locating novel putative 
antimicrobial regions in the practical totality of the first 
group. Furthermore, the predictions of the algorithm have 
been successfully corroborated experimentally by the 
corresponding set of derived antimicrobial peptides, all of 
them with hitherto unreported activities. In these validation 
experiments, our method has correctly identified active 
antimicrobial domains with an accuracy of 85% and a 
sensitivity of 90%, and can thus be viewed as a useful tool 
for the design of new antimicrobial drugs. 
 
P328. Abstract number: 578 
A Novel Branched Cell-penetrating Peptide for the 
Delivery of Pharmaceutical Compounds 
J Hoyer, I Neundorf 
University of Leipzig, LEIPZIG, Germany 
 The efficient therapeutic application of biologically active 
compounds is often hampered due to their size or low 
water solubility. In order to eradicate this drawback, cell-
penetrating peptides (CPPs) have emerged as a promising 
tool for efficacious drug delivery owing to their capacity to 
autonomously translocate into the cell with high efficiency 
and to confer water solubility. We designed a new 
branched cell-penetrating peptide, (sC18)2, based upon 
two units of CAP18106-121, which is derived from the 18-
kDa cationic antimicrobial peptide and was shown to 
effectively internalize into various cell lines without being 
cytotoxic to them.  
The peptide was obtained highly pure (> 99 %) after 
preparative RP-HPLC. CD spectroscopy indicated 
formation of an α-helix in trifluoroethanol, which is also the 
case for the parent peptide sC18 and is thought to be a key 

structural motif for translocation. By means of fluorescence 
microscopy and flow cytometry after introduction of a 
carboxyfluorescein label, we observed that the novel CPP 
highly effectively internalizes into various cell lines even at 
a concentration of 1 M, which constitutes a remarkable 
improvement compared to sC18. Most importantly, the 
peptide did not show any cytotoxic effects in this 
concentration range as verified by a resazurin-based cell 
viability test. Since the high content of basic amino acids 
and thus a net charge of +17 renders (sC18)2 a candidate 
for non-covalent oligonucleotide delivery, we assessed its 
potential to form stable electrostatic complexes with nucleic 
acids by electromobility shift assays. We observed full 
retention of plasmid DNA in an agarose gel after 
complexation with (sC18)2 even at very low charge ratios.  
In conclusion, we designed a highly efficient CPP which 
has the yet-to-be-investigated potential of being a powerful 
tool for cellular delivery of oligonucleotides, small organic 
molecules or pharmaceutical compounds. 
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P329. Abstract number: 13 
Experimental observation vs. in silico prediction of 
disordered regions and O-glycosylation sites in N-
terminal (NT) proANP and NT-proBNP. 
L Crimmins1, JL-FK Kao2

1Washington University School of Medicine, SAINT LOUIS, 
United States of America 
2Washington University, SAINT LOUIS, United States of 
America 
The mature forms of the cardiac natriuretic peptides, ANP 
and BNP, are proteolytically processed to active hormone, 
28 and 32 residues, respectively and NT-pro fragments, 67 
and 76 residues, respectively. Far-UV CD, 1D and 2D- H1 
NMR, SE-HPLC, and AUC sedimentation equilibrium 
(AUCSE) data are described. Two metaserver disorder 
predictor algorithms, MeDor and metaPrDOS, were applied 
to the fragments for comparison to empirical data. As NT-
proBNP is known to be O-glycosylated, it was also of 
interest to apply O-glycosylation prediction programs, 
NetOGlyc and YinOYang, to each.  
CD data showed a large negative molar ellipticity for NT-
proANP of -14,400 at 200nm and -19,000 at 199nm for NT-
proBNP . Estimated 2º structure %’s were 9 helix, 27 beta, 
28 turn and 36 coil and 6 helix, 15 beta, 32 turn and 47 
coil, respectively. The amide region 1D-H1 NMR 
resonances were confined to 8-8.6 ppm. There were no 
cross-correlation peaks from 2D-H1 NOE spectra for NT-
proANP and only a few for NT-proBNP. Peak elution of 
these fragments by SE-HPLC was 20.4’ for NT-proANP, 
20.6’ for NT-proBNP and 20.4’ for 17K Myoglobin. No 
higher molecular weight oligomers were seen in the 
AUCSE experiments. Collectively, the physical data 
demonstrate that NT-proANP and NT-proBNP are mainly 
disordered, monomeric proteins.  
The metaserver programs are designed for consensus 
description of disordered regions. NT-proANP MeDOR 
analysis gave residues 9-51 or 64% of sequence and for 
NT-proBNP residues 2-54 or 70% of sequence. At a false 
positive rate of 5%, metaPrDOS predicted the entire 
sequence of NT-proANP to be disordered and residues 1-
21;32-51;53;55-56;62-63;66;73-76 or 70% for the NT-
proBNP sequence. Thus, the in silico results are consistent 
with the empirical data.  
NT-proBNP has 4 consensus O-glycosylation sites: 
S37;S44;T48;T58. NetOGlyc predicted 4 sites, 2 of which 
were S44;T48 and YinOYang found 2 sites, S37;S44. For 
NT-proANP, similar analysis gave S9;S20;T29;S33;T65 
and T29;S33;S49;S50;T65, respectively. This suggests 
that NT-proANP may also be O-glycosylated. 
 
P330. Abstract number: 34 
ANALOGS OF CONTULAKIN-G, AN ANALGETICALLY 
ACTIVE GLYCOPEPTIDE FROM CONUS 
GEOGRAPHUS 
T Norberg1, S Afewerki1, O Blixt2, H Clausen2

1Uppsala university, UPPSALA, Sweden 
2University of Copenhagen, COPENHAGEN, Denmark 
 Cone snails are marine predators who use immobilizing 
venoms for catching prey. Chemical analysis of the 
venoms has revealed a variety of biologically active small 
and intermediate size peptides rich in post-translational 
modifications (modified amino acids, glycosylation). 
Contulakin-G (structure, see 2 below) is a potent analgesic 
from Conus geographus venom. The in vivo activity of 
synthetic Contulakin-G was previously found[1] to be 
significantly higher compared to that of a peptide lacking 
the glycan. These observations touch on the general 
question of the function of glycans of glycopeptides and 
glycoproteins in Nature. We believe that conus 

glycopeptides are among the best model compounds 
available to address this question, since they are 
comparatively small molecules which can be readily 
prepared and modified by chemical synthesis. In order to 
further investigate the importance of the glycan of 
Contulakin-G, we have now synthesized glycopeptide 
analogs where the glycan chain has been altered. The 
glycopeptides were prepared by a combination of solid-
phase peptide synthesis and enzymatic synthesis.  
 
P331. Abstract number: 50 
Characterization of prolactin-releasing peptide 
binding, signaling and hormone secretion in rodent 
pituitary cell lines 
LM Maletinska, JM Maixnerova, AS Spolcova, MP 
Pychova, MB Blechova, BZ Zelezna 
Institute of organic chemistry and biochemistry, PRAGUE 
6, Czech Republic 
Recently discovered prolactin-releasing peptide (PrRP) 
binds to the receptor GPR10 both in central nervous 
system and periphery and is involved in endocrine 
regulation and energy metabolism but its physiological role 
is up to now mostly unknown. In organism, two biologically 
active isoforms of PrRP of either 31 (PrRP31) or 20 
(PrRP20) amino acids containing C-terminal Phe amide 
sequence are present. C-terminal PrRP(25-31) 
heptapeptide was found to be the minimal active agonist 
fragment (however of lower potency compared to PrRP31).  
In the present study, we demonstrate PrRP receptor status 
of three rodent tumor pituitary cell lines: somatotrophs and 
lactotrophs containing rat GH3 cells, adenocorticotrophs 
containing mouse AtT20 cells and rat RC-4B/C cells 
consisting of all types of pituitary cells: somatotrophs, 
lactrophs, adenocortitrophs and gonadotrophs. Saturation 
binding of radiolabeled PrRP31 to intact plated cells 
resulted in Kd in 10-9 M range and various Bmax in 
particular cell lines. In competitive binding experiments, 
both PrRP31 and PrRP20 competed with 125I-PrRP31 
binding to RC-4B/C cells with similar Ki. C-terminal 
analogue PrRP13 showed lower binding potency 
compared to PrRP31 and PrRP20.  
In addition, we examined also cell signaling (extracellular-
regulated kinase phosphorylation) and prolactin release 
induced by PrRP. As stable tumor-derived cell lines are 
much more convenient for receptor pharmacology studies 
than either primary cell preparations or cells transfected 
with PrRP receptor, our aim was to identify and 
characterize binding and functional activity of 
endogenously expressed PrRP receptor in a 
physiologically relevant cell lines.  
Finally, food intake after peripheral and 
intracerebroventricular administration of PrRP analogues in 
fasted mice was also followed.  
This study was supported by Grant Agency of the Czech 
Republic No. P303/10/1368 and Z40550506 of the 
Academy of Sciences of the Czech Republic.  
 
P332. Abstract number: 124 
Design of PAC1/VPAC1 selective analogs as 
multifunctional drug candidates for the treatment of 
Parkinson's disease 
DND Doan1, A Dejda1, S Bourgault1, D Vaudry2, M 
Letourneau1, M Detheux3, H Vaudry2, D Chatenet1, A 
Fournier1

1INRS - Institut Armand-Frappier, LAVAL,, Canada 
2INSERM-U982, University of Rouen, 76821 MONT-
SAINT-AIGNAN, France 
3Euroscreen S.A.,, 47 RUE ADRIENNE BOLLAND, B6041 
GOSSELIES, Belgium 
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Parkinson's disease (PD) is the second most prevalent 
neurodegenerative disorder after Alzheimer’s disease, with 
almost 6.5 million cases worldwide. The precise 
mechanism leading to a massive degeneration of 
dopaminergic neurons of the substantia nigra pars 
compacta is unknown but compelling evidence 
demonstrated that apoptosis and inflammation participate 
in the pathogenesis and progression of PD. So far, no 
effective treatment has been developed and available 
drugs are essentially symptomatic and unable to stop the 
progression of the disease. Thus, a potent and innovative 
strategy to treat PD could be the use of a multifunctional 
drug exhibiting neuroprotective and anti-inflammatory 
properties. In this regards, the neuroprotective and 
neurotrophic pituitary adenylate cyclase-activating 
polypeptide (PACAP), with its unique ability to cross the 
blood-brain barrier, could be a promising candidate. As a 
neurohormone belonging to the VIP family, PACAP is able 
to interact with three distinct GPCRs, namely VPAC1 
(modulation of inflammation) and VPAC2, which 
recognizes both PACAP and VIP with similar affinity and a 
specific PACAP receptor named PAC1 (inhibition of the 
caspases pathway). The goal of our study was to design 
selective PAC1/VPAC1 analogs that might be able to 
modulate both the apoptotic and inflammation processes 
involved in PD. To do so, chemical and structural 
modifications (Ala-scan, D-scan, N-methylation, 
constrained amino acids) were incorporated in the N-
terminal segment (region 1-7) of the peptide, known to be 
involved in the recognition and activation processes. 
Peptide derivatives were pharmacologically characterized 
using a radioligand binding assay and an intracellular 
calcium mobilization assay, using three cell lines 
transfected with the PAC1, VPAC1 and VPAC2 receptors, 
respectively. Analogs with an improved pharmacological 
profile were further evaluated in an in vitro model of PD. 
Two compounds, [Ala7]- and [Hyp2]PACAP27, with an 
improved selectivity toward PAC1 and VPAC1, were 
identified and their propensity to protect dopaminergic 
neuroblastic cells (SH-SY5Y) against the toxicity of MPP+ 
was evaluated. Results showed that in pre- and co-
treatment experiments, these two compounds were able to 
protect SH-SY5Y cells, with the same efficacy as PACAP. 
These results open new perspectives for the development 
of a promising peptide-based multifunctional drug for the 
treatment of PD. 
 
P333. Abstract number: 143 
A non-peptide mimetic insect kinin agonist interacts 
with an expressed receptor and an in vitro diuretic 
assay in the mosquito Aedes aegypti 
K.K. Kaczmarek1, P Pietrantonio2, G Coast3, J Zabrocki1, R 
Nachman*3

1Technical University of Lodz, LODZ, Poland 
2Texas A&M University, COLLEGE STATION, TX, United 
States of America 
3SPARC, US Department of Agriculture, COLLEGE 
STATION, TX, United States of America 
Insect neuropeptides regulate critical processes and 
behaviors in insects, though they are unsuitable as tools to 
arthropod endocrinologists and/or as pest management 
agents due to poor biostability and/or bioavailability 
characteristics. Peptidomimetic analogs can overcome 
these limitations and either over-activate or block critical 
neuropeptide-regulated functions. The diuretic insect kinin 
class of neuropeptides share the evolutionarily conserved 
C-terminal pentapeptide motif Phe-X1-X2-Trp-Gly-NH2, 
where X1 = His, Asn, Ser, or Tyr and X2 is generally Ser or 
Pro. Structure-activity studies on an expressed insect kinin 

receptors from the mosquito Aedes aegypti and tick 
Boophilus microplus demonstrate that the most critical 
residue for activity is the Trp and that the peptide ligands 
adopt a cisPro, type VI beta turn conformation. A rationally-
designed combinatorial library based on the 
imidazopyridoindole motif, which contains an indole moiety 
representing the side chain of the critical Trp residue, was 
developed and evaluated on the expressed mosquito and 
tick receptors. This effort led to the identification of an 
active non-peptide agonist analog. The non-peptide 
analog, designated TA-1, also demonstrates significant 
agonist activity in an in vitro mosquito Malpighian tubule 
diuretic assay at a concentration of 0.1 umole. Analog TA-1 
represents the first non-peptide mimic of the insect kinin 
neuropeptide family and provides a lead for the generation 
of an agent capable of disrupting diuresis in arthropods 
that vector important human and animal diseases. 
 
P334. Abstract number: 157 
Characterisation of the Human INSL5 Solution 
Structure 
M Haugaard-Kedström1, MA Hossain2, NL Daly3, RAD 
Bathgate2, DJ Craik3, JD Wade2, KJ Rosengren1

1Linneus University, KALMAR, Sweden 
2Howard Florey Institut, The University of Melbourne, 
MELBOURNE, Australia 
3Institute for Molecular Bioscience, The University of 
Queensland, BRISBANE, Australia 
Insulin-like peptide 5 (INSL5) is a member of the 
insulin/relaxin super family. Members of this family are 
structurally characterized by two peptide chains (A and B) 
that are held together by three disulfide bonds, one intra A-
chain and two inter-chain between the A and the B-chain. 
INSL5 was recently discovered through searches of 
expressed sequence tag databases. INSL5 is expressed in 
peripheral tissue with high expression levels in the colon 
and in the brain. The function of INSL5 is still being 
elucidated but is suggested to have a role in gut 
contractility and glucose and fat metabolism. The 
endogenous receptor for INSL5 is relaxin family peptide 
receptor 4 (RXFP4) which has an overlapping expression 
pattern to INSL5.  
To gain further knowledge about structural features of the 
ligands of the relaxin peptide hormone family, synthetic 
human INSL5 was subjected to solution-state NMR to 
determine the three dimensional structure. The structure 
reveals a insulin/relaxin like fold with two parallel helices in 
the A-chain, a central helix in the B-chain and enclosing a 
hydrophobic core. However, the central helix in the B-
chain, which holds the primary receptor binding site, is 
longer in INSL5 than compared to its closest relative 
relaxin-3 and extends all the way to the C-terminus. This 
results in a different position of the residues ArgB23 and 
TrpB24, which is the key receptor activating domain. This 
difference may be an important contributor to the different 
biological activities of relaxin-3 and INSL5. Relaxin-3 is a 
high affinity agonist for both its endogenous receptor 
RXFP3 and RXFP4, whereas INSL5 acts as a low affinity 
antagonist on RXFP3. INSL5 was also subjected to 
temperature and pH-titrations providing a detailed picture 
of the relaxin hydrogen bonding network and key 
electrostatic interactions stabilising the fold. 
 
P335. Abstract number: 190 
Synthesis and bioactivity studies on the C-terminally 
expressed heptapeptide orthologues of various 
Proenkephalin A sequences 
PhD Magyar1, F Babos2, E Bojnik3, S Benyhe3
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1ELTE-HAS Research Group of Peptide Chemistry, 
BUDAPEST, Hungary 
2Department of Organic Chemistry, Eötvös Lorand 
University, BUDAPEST, Hungary 
3Institute of Biochemistry, Biological Research Centre, 
HAS, SZEGED, Hungary 
Since the isolation of enkephalins a number of other opioid 
peptides have been discovered, including heptapeptide 
with the sequence of Tyr-Gly-Gly-Phe-Met-Arg-Phe (Met-
enkephalin-Arg6-Phe7, YGGFMRF or MERF). The 
heptapeptide MERF is a potent opioid cleft from the 
sequence of proenkephalin A (PENK), the common 
precursor of Met- (ME) and Leu-enkephalin (LE).  
Our bioinformatic analysis exposed chemical biodiversity at 
the heptapeptide region of PENK among 56 animals. 
Moreover, with alignment outcome, it became clear that the 
C-terminal heptapeptide domain of the PENK was far more 
conserved, compared to the octapeptide region, which was 
also noticed in our previous study (Bojnik E. et al., 
Neuroscience, 2010, 165:542-552) The mammalian 
consensus structure MERF was found to be the most 
frequent in searching protein databases. Nevertheless, four 
novel orthologous sequences were found among 11 
animals, such as YGGFMGY (Zebrafish), YGGFMRY 
(Newt), YGGFMKF (Hedgehog) and YGGFMRI 
(Mudpuppy); being the YGGFMGY the most widespread 
sequence among all.  
Each novel heptapeptides, together with the human ME 
and MERF, were synthesized using solid phase peptide 
synthesis method (some of them were prepared containing 
oxidized methionine) and subjected to functionality studies, 
using receptor binding and G-protein activation assays. 
Equilibrium binding affinities changed from good to modest 
measured by various [3H]opioid radioligands in rat barin 
membranes, while unlabelled homologous ligands 
exhibited the highest affinities. The relative affinities of the 
heptapeptides reveal rather mu-receptor preference over 
the delta-receptors. Interestingly enough, the mudpuppy 
sequence (YGGFMRI) displayed moderate affinity towards 
the kappa receptors, indicating a possible influence of the 
terminal isoleucine (F'I) side chain for kappa receptor 
selectivity. [35S]GTPgS assay, which measures the 
agonist-mediated G-protein activation, has demonstrated 
that these novel heptapeptides are also potent in 
stimulating the regulatory G-proteins.  
As a conclusion, we have put forward our recent results of 
the bioinformatic studies that revealed novel endogenous 
heptapeptide structures within PENK sequence of various 
animal species. All of the newly identified orthologues were 
able to bind and to activate mammalian opioid receptors 
and G-proteins, with quite good affinities and potencies.  
Supported by OTKA-NKTH CK-78566 grant, Hungary 
 
P336. Abstract number: 197 
Substitution of various p-N-
alkylcarboxamidophenylalanine analogues for Tyr1 in 
TIPP opioid peptides. 
I. Berezowska, C Lemieux, NN Chung, PW Schiller 
Clinical Research Institute of Montreal, MONTREAL, 
QUEBEC, Canada 
We recently reported that an analogue of the δ opioid 
antagonist TIPP (H-Tyr-Tic-Phe-Phe-OH; 
Tic=tetrahydroisoquinoline-3-carboxylic acid) containing 4`-
[N-((4`-phenyl)phenethyl)carboxamido]phenylalanine (Bcp) 
in place of Tyr 1 showed potent δ opioid agonist activity 
(I.Berezowska et al., J.Med.Chem.52,6941(2009)). Here 
we describe analogues of TIPP in which the Tyr1 residue 
was replaced by derivatives of 4`-
carboxamidophenylalanine (Cpa) containing various alkyl 

substituents at the 4`-carboxamido group, including 4`-[N-
(hexyl)carboxamido]phenylalanine (Hcp), 4`-[N-
(decyl)carboxamido]phenylalanine (Dcap), 4`-[N-
(diethyleneglycolyl)carboxamido]phenylalanine (Dgcp) and 
4`-[N-
(methoxypolyethyleneglycolyl)carboxamido]phenylalanine 
(Mgcp).  
These amino acids were synthesized by coupling the 
respective alkylamines to the -COOH group of Boc-Phe(4`-
COOH)-OMe followed by ester hydrolysis. Peptides were 
prepared by solid-phase synthesis. The in vitro opioid 
activities of the compounds were determined in µ-, δ- and 
κ-opioid receptor binding assays and in the functional 
guinea pig ileum(GPI) and mouse deferens(MVD) assays. 
Whereas [Cpa1 ]TIPP was a potent δ opioid antagonist, 
[Hcp1]TIPP showed potent δ partial agonist activity and 
subnanomolar δ receptor binding affinity. The analogue 
containing a further extended alkyl chain, [Dcap1]TIPP 
displayed 4-fold lower δ receptor binding affinity than 
[Hcp1]TIPP and turned out to be a full δ agonist. 
Interestingly, the ethyleneglycol-containing analogue, 
[Dgcp1]TIPP, was a weak δ opioid antagonist. Finally, the 
analogue carrying the methoxypolyethyleneglycol moiety at 
the 1-position side chain was found to be inactive. Taken 
together, these results indicate that the length and the 
polarity of the carboxamido substituents in these TIPP 
analogues have a profound effect both on the δ receptor 
binding affinity and on the intrinsic efficacy at the δ 
receptor.  
 
P337. Abstract number: 207 
NMR studies of vasopressin analogues modified with 
indoline-2-carboxylic acid in position 2 in the 
dodecylphosphocholine micelle 
E. L. Lubecka, E Sikorska, A Kwiatkowska, J Ciarkowski 
Faculty of Chemistry, University of Gdansk, GDANSK, 
Poland 
Arginine vasopressin, the neurohypophysial circulating 
nonapeptide CYFQNCPRG-NH2 (AVP), plays major roles 
in regulating renal function in mammals. It exhibits renal 
antidiuretic effects by supporting conservation of body fluid 
osmolality and volume, controlling urine volume and renal 
sodium excretion [1]. In this project, we study the effect of 
the substitution of L-indoline-2-carboxylic acid for Tyr2 and 
Mpa (3-mercaptopropionic acid) for Cys1 in AVP analogues 
on their conformation. Proper orientation of the Tyr2 side 
chain is necessary for activity. Although the conformation 
of the N”terminal part of vasopressin analogues is so 
important for their pharmacological activity [2], new 
analogues showed affinity to the OT receptors. All the new 
compounds exhibited only negligible antidiuretic activity. 
With regard to pressor test, all the analogues were devoid 
of the pressor potency (unpublished data). In the 
interaction of peptide hormones with their membrane 
receptors a significant role plays lipid bilayer, therefore we 
have carried out our studies of new vasopressin analogues 
in a dodecylphosphocholine (DPC) micelle. DPC micelles 
are considered to be good models of eukaryotic cell 
membrane [3]. For these studies we use 2D nuclear 
magnetic resonance (NMR) supported with theoretical 
methods. Conformation-activity considerations will be 
attempted.  
This work was supported by the Polish Scientific Research 
Committee Grant No. N N204 181736 grant. The 
calculations were carried out in the Academic Computer 
Centre (TASK) in Gda'sk, Poland.  
[1] Warne J. M., Harding K. E., Balment R. J., 
Neurohypophysial hormones and renal function in fish and 
mammals, Comp. Biochem. Physiol. B, 132:  
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231-237, 2002.  
[2] Hruby, V. J.; Chow, M. S.; Smith, D. D., Conformational 
and structural considerations in oxytocin-receptor binding 
and biological activity, Annu.  
Rev. Pharmacol. Toxicol., 30: 501-534, 1990.  
[3] Wymore T., Gao X. F., Wong T.C., Molecular dynamics 
simulation of the structure and dynamics of a 
dodecylphosphocholine micelle in aqueous solution, J. Mol. 
Struct., 485: 195-206, 1999.  
 
P338. Abstract number: 225 
Synthesis Of New Lgnrh-III Analogues And Studies On 
Prostate Cancer Cell Proliferation 
A. Cordopatis1, E Pappa2, A Zompra2, Z Spyranti2, Z 
Diamantopoulou3, F Lamari2, P Katsoris3, G Spyroulias2

1University of Patras, PATRAS, Greece 
2Department of Pharmacy, University of Patras, PATRAS, 
Greece 
3Department of Biology, University of Patras, PATRAS, 
Greece 
 
Several agonists and antagonists of gonadotropin-
releasing hormone (GnRH) have been identified as 
effective compounds in breast and/or prostate cancer 
therapy. However, chronic administration of GnRH analogs 
desensitizes the pituitary (chemical castration), results in 
arrest of gonadotropin secretion, and thereby suppresses 
ovarian and testicular function.  
Lamprey Gonadotropin-releasing hormone (pGlu-His-Trp-
Ser-His-Asp-Trp-Lys-Pro-Gly-NH2, lGnRH-III), is a variant 
of the hypothalamic neurohormone GnRH that has been 
isolated from the brain of the sea lamprey (Petromyzon 
marinus). lGnRH-III stimulates the release of estradiol and 
progesterone in the adult female sea lamprey in similar 
concentrations to that by lGnRH-I, but has negligible 
endocrine activity in mammalian systems. Data concerning 
the superior direct antitumor activity of lGnRH-III were 
published in the last decade. This ability of lGnRH-III to 
inhibit proliferation of cancer cells combined with the 
absence of endocrine activity at the concentrations 
effective against growth of cancer cells makes it an 
excellent starting compound for the development of 
constrained peptide analogues with increased and 
potentially selective anticancer activity.  
In order to study the structure-activity relationship of 
lGnRH-III on prostate cancer cell proliferation, we 
synthesized eight new peptide analogues of lGnRH-III with 
modifications at position 1, 5, 6 and 8. Asp in position 6 of 
lGnRH-III was substituted by Asn, Asn(OMe), Glu and Gln. 
pGlu1 was replaced by Glu or Ac-Glu and His5 and Lys8 
switched places. Cyclopeptides are of great importance 
both in pharmaceutical and chemical respect. These 
molecules, with designed sterical hindrance, exhibit often 
increased biological activity and selectivity. Furthermore, 
they are more stable in metabolism than the parent linear 
molecules. Taking into consideration of these potentials we 
synthesized four cyclic peptides and studied their effect on 
prostate cancer cell proliferation. Results demonstrate that 
the side chain of Asp6 is important for anticancer activity 
and that modifications in position 1 are well tolerated. On 
the contrary, replacement of His5 by Lys and Lys8 by His 
reduced the biological effect of the analogues while, 1-8 
cyclization led to peptide analogues with enhanced 
antiproliferative effect. 
 
P339. Abstract number: 244 
New analogues of arginine vasopressin and its 
selected agonists modified at position 2 with (S)-1-
adamantyl-glycine  

BL Lammek1, A Kwiatkowska1, D Sobolewski1, L 
Borovicková2, J Slaninová2, A Prahl1
1University of Gdansk, Faculty of Chemistry, GDANSK, 
Poland 
2Institute of Organic Chemistry and Biochemistry, 
PRAGUE, Czech Republic 
Since the original synthesis of arginine vasopressin (AVP) 
in 1954, thousands of analogues of this hormone have 
been synthesized in the course of extensive investigation 
of structure - activity relationships. Despite huge efforts in 
many laboratories, the design of analogues, which are very 
active either as agonists or antagonists and truly selective 
for individual receptors, still remains an area of great 
interest.  
Steric restrictions in the N-terminal part of 
neurohypophyseal hormone analogues might result in a 
significant change in the interaction of the compounds with 
AVP and oxytocin (OT) receptors, as expressed by altered 
biological activities. In this study we present the synthesis 
and some pharmacological activities of five new analogues 
of AVP, deamino AVP, [Val4]AVP, [D-Arg8]VP and 
deamino [D-Arg8]VP, carrying at position 2 a 
conformationally constrained non-proteinogenic alpha-
amino acid, (S)-1-adamantyl-glycine (Adg). It should be 
noticed that the modification, apart from reducing the 
flexibility, also changed the character of the molecule from 
aromatic to aliphatic.  
All the peptides were tested for their in vitro uterotonic and 
in vivo pressor and antidiuretic activities as well as for their 
affinity to human oxytocin receptor. None of the analogues 
displayed significant biological activity. A low level of 
antiuterotonic activity was found in the case of peptide, 
deamino [Adg2]AVP with pA2 = 6.64, while the other 
compounds showed a slight agonistic activity in the 
uterotonic test (values ranging from 0.20 to 0.46 IU). With 
respect to antidiuretic activity, only deamino [Adg2,D-
Arg8]VP, showed a weak agonism. Regarding the pressor 
activity, all the analogues were inactive over the 
concentration range tested. On the basis of these results, 
we are undertaking further SAR studies using NMR and 
theoretical molecular modelling methodology. 
 
P340. Abstract number: 246 
Interaction of curcumin with a-synuclein and its 
relationship to curcumin's ability to inhibit fibril 
deposit 
P Ruzza1, A Marchiani2, I Tessari3, L Bubacco3, S Monti4, 
F Manoli4, S Mammi2
1CNR Institute of Biomolecular Chemistry - Padova Unit, 
PADOVA, Italy 
2Department of Chemical Sciences - University of Padova, 
PADOVA, Italy 
3Department of Biology - University of Padova, PADOVA, 
Italy 
4CNR Institute of Organic Synthesis and Photoreactivity, 
BOLOGNA, Italy 
Lewy bodies and Lewy neurites in the brain constitute the 
main histopathological features of Parkinson’s disease 
(PD), and are comprised of amyloid-like fibrils composed of 
a small protein named α-synuclein (AS). As the 
aggregation of AS in the brain has been implicated as a 
critical step in the development of the diseases, the current 
search for disease-modifying drugs is focused on 
molecules that can act on the process of AS deposition in 
the brain. Recently, curcumin, a constituent of the Indian 
spice Turmeric, structurally similar to Congo Red, has been 
demonstrated to bind Aβ amyloid and prevent further 
oligomerization of Aβ monomers onto growing amyloid β-
sheets. Reasoning that oligomerization kinetics and 
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mechanism of amyloid formation may be similar in 
Parkinson’s disease and Alzheimer’s disease, some 
authors suggested the use of curcumin to prevent AS 
aggregation and/or to reduce AS fibrils. Although the 
mechanisms by which this molecule inhibits Aβ fibril 
formation and destabilizes preformed fibrils are still 
unclear, it could be an effective starting template for the 
development of preventive and therapeutic drugs for PD.  
With the aim to unravel the mechanism of action of 
curcumin, we investigated the interactions of curcumin with 
wild-type AS by NMR, CD and fluorescence 
spectroscopies. The chiroptical properties of curcumin 
make this molecule an ideal compound to perform 
interaction CD studies both in the far-UV and in the visible 
region of the spectrum. On the other hand, the presence of 
four tyrosine residues in the AS sequence provide a useful 
in-site fluorescence probe for quenching studies. The 
preliminary results of the studies on the curcumin-AS 
interactions and curcumin-mediated fibril destabilization will 
be reported and discussed. 
 
P341. Abstract number: 253 
Synthesis, Antiproliferative Activity Prostate Cancer 
Cells, Enzymatic Stability And Conformational Studies 
Of New Gnrh Analogues 
N. Lamari, E Pappa, A Zompra, Z Spyranti, Z 
Diamantopoulou, P Katsoris, G Liapakis, G Spyroulias, P 
Cordopatis 
University of Patras, PATRAS, Greece 
Analogues of GnRH, including [DLeu6, desGly10]-GnRH-
NHEt (Leuprolide®, commercially available), have been 
widely used in oncology to induce reversible chemical 
castration. Several studies have provided evidence that 
besides their pituitary effects, GnRH analogues may exert 
direct antiproliferative effects in tumor cells. In order to 
study the effect of modifications in position 4 and 6 of 
GnRH on prostate cancer cell proliferation we synthesized 
twelve new GnRH analogues. To improve enzymatic 
stability, NMeSer was incorporated in position 4 and the 
rate of hydrolysis by a-chymotrypsin and subtilisin was 
investigated. Our results demonstrate that incorporation of 
NMeSer in position 4 increases significantly the enzymatic 
stability of analogues compared to their counterparts with 
Ser4. The antiproliferative effect of the analogues on PC3 
and LNCaP prostate cancer cells was similar to that of 
leuprolide while, we did not observe considerable 
differentiations on the effect of analogues with Ser or 
modified Ser. Conformational studies have been performed 
in an attempt to elucidate structural changes occurring 
upon substitution of native residues and to study structure-
activity relationship for these analogues. The solution 
models of [DLeu6, desGly10]-GnRH-NHEt (leuprolide), 
[NMeSer4, DGlu6, desGly10]-GnRH-NHEt, [Glu6, desGly10]-
GnRH-NHEt and [DGlu6, desGly10]-GnRH-NHEt peptides 
have been determined through 2D NMR spectroscopy in 
DMSO-d6. NMR data provide experimental evidence for 
the U-turn like structure preserved in all four analogues, 
which could be characterized as β-hairpin conformation. 
 
P342. Abstract number: 254 
Analogues of neurohypophyseal hormones, OT and 
AVP, conformationally restricted and acylated in the N-
terminal part of the molecule 
Dr Sobolewski1, A Kwiatkowska1, L Borovicková2, J 
Slaninová2, A Prahl1
1University of Gdansk, Faculty of Chemistry, GDANSK, 
Poland 
2Institute of Organic Chemistry and Biochemistry, 
PRAGUE, Czech Republic 

It is generally accepted that the conformation of the N-
terminal part of neurohypophyseal hormones (oxytocin 
(OT) and arginine vasopressin (AVP)) analogues is 
important for their pharmacological activity. In this work, we 
decided to investigate how the substitution of position 2 
with bulky cis-1-amino-4-phenylcyclohexane carboxylic 
acid (cis-Apc) would alter pharmacological properties of 
OT, [Mpa1]OT and [Cpa1]OT (Mpa = 3-mercaptopropionic 
acid; Cpa = 1-mercaptocyclohexaneacetic acid). Moreover, 
we decided to learn how acylation of the N-terminus of [cis-
Apc2,Val4]AVP with different acyl groups would affect 
biological potency of the new analogues. The [cis-
Apc2,Val4]AVP peptide was chosen as a reference 
compound owing to its interesting pharmacological profile. 
This analogue turned out to be a potent oxytocin 
antagonist (pA2 = 8.22), weak pressor antagonist (pA2 = 
6.85), while its antidiuretic potency was lower than that of 
AVP but with significantly prolonged action. The new 
analogues were obtained by acylation of the N-terminus of 
the peptide with 1-adamantanecarboxylic acid (Aca), 4-tert-
butylbenzoic acid (t-Bba), 4-hydroxybenzoic acid (Hba) and 
4-aminobenzoic acid (Aba). All the peptides were tested for 
their in vitro uterotonic and in vivo pressor and antidiuretic 
activities in the rat. 
 
P343. Abstract number: 268 
Design and functional evaluation of [Cmpi21,aza-β3-
Hht23]26RFa(21-26), a pseudopeptidic analog of 26RFa 
C NEVEU1, B Lefranc1, O Tasseau2, JC Do Rego3, O Le 
Marec1, L Guilhaudis4, J Sopkova De Oliveira Santos5, R 
Bureau5, I Ségalas-Milazzo4, J Costentin3, S Rault5, JA 
Boutin6, M Baudy-Floc’h2, H Vaudry1, J Leprince1

1INSERM U982, MONT-SAINT-AIGNAN, France 
2CNRS UMR 6226, ICMV, RENNES, France 
3Platform of Behavioral Analysis (SCAC), IFRMP 23, 
ROUEN, France 
4CNRS UMR 6014, MONT-SAINT-AIGNAN, France 
5UPRES EA 3915, CERMN, CAEN, France 
6Institute of Research Servier, CROISSY-SUR-SEINE, 
France 
26RFa, a neuropeptide of the RFamide family, is the 
endogenous ligand of an orphan GPCR named GPR103. 
Consistent with the hypothalamic distribution of both 
26RFa and GPR103 mRNAs, intracerebroventricular 
injection of 26RFa and 26RFa(20-26), the strictly conserved 
C-terminal heptapeptide (GGFSFRF-NH2), was found to 
stimulate food intake in rodents. Moreover, it has been 
recently shown that GPR103-knockout mice suffer from 
osteopenia. In vitro, 26RFa increases [Ca2+]i in GPR103-
transfected cells with an EC50 of 10.2 ± 1.1 nM, while 
26RFa(20-26) is about 75 times less potent than 26RFa. In 
competition experiments, 26RFa displaced [125I]-26RFa 
with an IC50 of 1.26 ± 0.23 nM, whereas 26RFa(20-26) was a 
poor competitor (IC50 = 8730 ± 4330 nM). Molecular 
modeling under NMR constraints of 26RFa showed that, in 
DPC micelles, the N-terminal region encompasses an α-
helix while the C-terminal region adopts a γ-turn 
conformation. In the same medium, 26RFa(20-26) exhibits 
major distortions of this turn that may be responsible for its 
weak potency. In order to develop potent and 
physiologically stable ligands of GPR103 with low 
molecular weight, we have recently designed the 
pseudopeptide [Cmpi21,aza-β3-Hht23]26RFa(21-26), which 
combines a reduced peptidic bond Ψ20,21[CH2-NR] and an 
aza-β3 bond Ψ22,23[CO-NH-NR]. In fact, it has been shown 
that aza-β3 residues are γ-turn inducers. In vitro, the 
pseudopeptide [Cmpi21,aza-β3-Hht23]26RFa(21-26) was 5 
times more potent in displacing [125I]-26RFa than 26RFa(20-

26). Moreover, [Cmpi21,aza-β3-Hht23]26RFa(21-26) was 10-
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fold more potent than 26RFa(20-26) in stimulating [Ca2+]i in 
GPR103-transfected cells. The half-life time of 
[Cmpi21,aza-β3-Hht23]26RFa(21-26) in human serum was 3 
times higher than 26RFa(20-26). Finally, 
intracerebroventricular injection of [Cmpi21,aza-β3-
Hht23]26RFa(21-26) in food-restricted mice provoked a dose-
dependent increase of food intake that lasted longer than 
that induced by 26RFa(20-26). In conclusion, the 
pseudopeptide [Cmpi21,aza-β3-Hht23]26RFa(21-26) is more 
potent, more stable and exerts a longer lasting effect than 
26RFa(20-26). This study constitutes an important step 
towards the development of new GPR103 analogs that 
could prove useful for the treatment of feeding disorders 
and/or osteoporosis. Supported by the LARC-
Neurosciences network, FEDER, INSERM (U982), 
IFRMP23 and the Région Haute-Normandie. 
 
P344. Abstract number: 275 
Side-chain to side-chain cyclization of opioid peptides 
enhances proteolytic stability of their exocyclic 
peptide bonds 
A. Cebrat1, P Stefanowicz1, A Kluczyk1, Z Szewczuk1, K 
Filip2, M Ciszewska2, J Izdebski2
1University of Wroclaw, Faculty of Chemistry, WROCLAW, 
Poland 
2Department of Chemistry, Warsaw University, WARSAW, 
Poland 
The side-chain to side-chain cyclization can significantly 
affect a proteolytic stability, which is an important factor in 
designing of the peptide-based drugs [1]. The synthesis 
and the biological activity of deltorphin and enkephalin 
analogs restricted by cyclization via the urea bridge was 
described by us previously. The analogs contained a 
carbonyl bridge, which linked the two side-chain amino 
groups to form an ureido moiety. Several of these 
compounds showed a very high δ-receptor agonist potency 
[2].  
Here we present our studies on the proteolytical stability 
and the degradation products of the cyclic peptides 
incubated in the presence of chymotrypsin and pepsin. 
Identification of the degradation products was based on the 
analysis of the high resolution mass spectra (HR-MS) and 
tandem mass spectrometry (MS/MS) of the main digestion 
products.  
It appeares that the cyclization via the urea bridge 
increases the resistance of the peptides against the 
proteolytic digestion by pepsin and chymotrypsin. Notable 
enhancement of stability to proteolysis was observed not 
only for the peptide bonds located within the formed ring 
but also in the N-terminal exocyclic linear peptide 
segments. The observed stability depends on the ring size 
but also on the position of the urea bridge within the ring. 
One of the intriguing observations is the proteolytical 
stability of a potent opioid, {[H-Tyr-D-Lys(&1)-Phe-Dap(&2)-
NH2][&1CO&2]}, whereas its isomer with the {[H-Tyr-D-
Lys(&1)-Phe-Dap(&2)-NH2][&1CO&2]}sequence hydrolyzed 
rapidly in the presence of chymotrypsin.  
A possible explanation of this phenomenon will be 
presented.  
[1] Szewczuk Z., Wilczynski A. et al., Peptides, 2000, 21, 
1849-1858  
[2] Filip K., Oleszczuk M. et al., J. Peptide Sci., 2003, 9, 
649-657 
 
P345. Abstract number: 290 
Tritium labeling of d[Leu4, Lys8]vasopressin 
A Borics, N Fejos, C Tomboly 
BRC-HAS, SZEGED, Hungary 

The pituitary peptide hormon arginine vasopressin (AVP) is 
a cyclic nonapeptide, which contains an intramolecular S-S 
bridge. This peptide is responsible for various physiological 
effects both in human and mammals, including the 
regulation of the blood pressure, diuresis and the ACTH 
release. Besides, AVP has multiple effects on the 
regulation of memory, synaptic transmission, body 
temperature, anxiety and depression. The physiological 
effects of AVP are connected with the activation of the G-
protein coupled receptors V1a (vascular), V1b (pituitary), 
V2 (renal) and OT (uterine). For the autoradiographic study 
of the V1b receptors in rat brain, the V1b receptor selective 
agonist dezamino-[Leu4, Lys8]vasopressin was prepared 
in tritium labelled form. Labelling was achieved by the 
incorporation of tritiated amino acids to the nonapeptide 
sequence. The labelled amino acid derivatives [3H]Boc-
Leu-OH and [3H]Boc-Phe-OH were prepared from Boc-
dLeu-OH and Boc-pI-Phe-OH, respectively by catalytic 
tritium gas reduction. The protected labelled amino acids 
were introduced to the vasopressin sequence by manual 
solid-phase peptide synthesis using the in situ 
neutralization protocol. The Cys side chain was protected 
with Npys disulfide that was exploited for the intramolecular 
on-resin disulfide bond formation. The de novo labelling 
strategy resulted in [3H]dezamino-[Leu4, Lys8]vasopressin 
with a specific activity of 4107 GBq (111 Ci)/mmol. 
 
P346. Abstract number: 324 
VCD spectroscopic analysis of m-opioid peptides. 
A Borics1, G Toth1, S Lovas2

1BRC-HAS, SZEGED, Hungary 
2Creighton University, OMAHA, NE, United States of 
America 
The determination of structural requirements for binding of 
ligands to the m-opioid receptor is a key aspect of the 
development of novel analgesics. Many natural and 
synthetic peptides and peptidomimetics were shown 
previously to bind to the m-opioid receptor with high affinity 
and selectivity, but there is no consensus about what 
structure is responsible for such biological activity. 
Previously, ten well known m-opioid receptor ligands, 
DAMGO, Tyr-W-MIF-1, morphiceptin, endomorphin-1 and 
2 and their analogues, possessing different opioid receptor 
affinity and selectivity were examined by using molecular 
dynamics (MD) in aqueous and dimethyl-sulfoxide 
environment and four structural parameters were found to 
correlate with receptor binding data. In the present study IR 
and VCD spectroscopies were applied to determine the 
solution structure of these molecules. Theoretical 
simulation of vibrational spectra utilizing DFT quantum 
chemical calculations was carried out using structural data 
obtained from previous MD simulations. In this approach, 
the theoretical spectra is built from spectra calculated for 
the representative structures of dominant conformational 
families. The optimal number of such consituent spectra 
was determined and the effect of explicitly included solvent 
molecules was investigated as well. Comparison of 
theoretical and experimental spectra confirmed that the 
solution conformational ensemble of all molecules consists 
of turn and extended structures in various ratios. In 
agreement with previous observations, this suggests that, 
besides other structural properties, bent backbone 
structure may be important for m-opioid receptor activity. 
Furthermore, the strategy applied here could be a useful 
alternative for solution conformational analysis of short, 
highly flexible peptides and could help to identify VCD 
features which are yet unknown.  
Funding: NIH-INBRE P20 RR016469, Hungarian OTKA-
PD 73081 
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P347. Abstract number: 335 
Synthesis, Evaluation And Conformational Solution 
Studies Of Cysteine-Based A4β1 Integrin Ligands 
A. Cordopatis1, G Daletos2, V Magafa2, M Lamprou2, E 
Papadimitriou2, P Zoumpoulakis3, M Zervou3, N 
Assimomytis4, A Geronikaki5
1University of Patras, PATRAS, Greece 
2Department of Pharmacy, University of Patras, PATRAS, 
Greece 
3Institute of Organic and Pharmaceutical Chemistry, 
NHRF, ATHENS, Greece 
4Department of Mechanical Engineering, TEI of Patras, 
PATRAS, Greece 
5Department of Pharmacy, University of Thessaloniki, 
THESSALONIKI, Greece 
The integrin family is an extensive group of structurally 
related receptors for extracellular matrix (ECM) proteins 
and immunoglobulin superfamily molecules. They are 
heterodimers consisting of α and β subunits. Until now, 18 
α subunits and 8 β subunits have been discovered that 
form 24 different integrins. Inhibitors of integrin function 
include function-blocking monoclonal antibodies, peptide 
antagonists and small molecule peptide mimetics matrix. 
An integrin with particular interest is α4<span class='Apple-
style-span' style='font-style: italic; '>β</span>1 (very late 
antigen-4, VLA-4), which is vital for the inflammation 
process, while it also seems to participate in tumor 
angiogenesis. The primary ligands for α4β1 are the 
endothelial surface protein vascular cell adhesion 
molecule-1 (VCAM) and the extracellular matrix protein 
fibronectin. A number of cyclic peptide antagonists of α4β1 
have been reported in the literature, either based on the 
LVD or RGD motifs and cyclised through cysteine 
disulphide linkages. The aim of this research is the 
development of α4β1 cyclic peptide ligands and their study 
as inflammation and tumor angiogenesis inhibitors. The 
synthesized analogues have the basic cyclic sequence X1-
X2-cyclo(Cys-Asp-Pro-Cys)-COY, where X1=L- or D-
Tyrosine, D-Tyrosine(OEthyl) [D-Tyr(Et)], Salicylic acid 
(Sal), 1-Naphtylalanine (1-Nal), L-β-(2-thienyl)-alanine 
[Thi], X2=L- or D-Arginine, Tryptophan, β-alanine and 
Y=OH or NH2. The analogues were synthesised by 
Fmoc/But solid phase methodology utilizing Rink Amide 
MBHA and 2-chlorotrityl-chloride resin to provide C-
terminal amide and carboxylic acid, respectively. At 
present, selected analogues are tested in chick embryo 
chorioallantoic membrane (CAM) model, while biological 
experiments will be performed for their potential use as 
anti-inflammatory agents. Furthermore the conformation of 
three peptide analogues is studied in solution environment, 
by NMR spectroscopy techniques and molecular modeling. 
 
P348. Abstract number: 336 
Synthesis And Biological Evaluation Of New Linear 
And Cyclic Analogues Of Neurotensin 
EMZ Manessi-Zoupa1, R Exarchakou2, V Magafa2, N 
Assimomytis3, G Liapakis4, M Venihaki5, G Varvounis6, P 
Cordopatis2

1Department of Chemistry, University of Patras, PATRAS, 
Greece 
2Department of Pharmacy, University of Patras, PATRAS, 
Greece 
3Department of Mechanical Engineering, TEI of Patras, 
PATRAS, Greece 
4Department of Pharmacology, Faculty of Medicine, 
University of Crete, HERAKLION, Greece 
5Department of Clinical Chemistry, Faculty of Medicine, 
University of Crete, HERAKLION, Greece 

6Department of Chemistry, University of Ioannina, 
IOANNINA, Greece 
Neurotensin (NT), a tridecapeptide (pGlu-Leu-Tyr-Glu-Asn-
Lys-Pro-Arg-Arg-Pro-Tyr-Ile-Leu) was first isolated from 
bovine hypothalamus. NT displays a wide spectrum of 
biological actions in the central nervous system as well as 
the periphery of different mammalian species. At central 
level, NT plays the role of neurotransmitter and/or 
neuromodulator, whereas in the anterior pituitary it 
regulates hormone secretion. In addition NT plays an 
important role in the function of the digestive tract and the 
cardiovascular system of mammals as well as in the 
regulation of growth of normal and cancer cells. The 
plethora of NT actions is mediated through binding to NT 
receptors (NTRs), which are plasma membrane proteins 
and belong to the family of G-protein coupled receptors. 
Binding of NT to NTRs produces a biological effect by 
activating the Gq-proteins and subsequent stimulation of 
phosphoinositide hydrolysis. The C-terminal hexapeptide 
fragment of NT [NT(8-13)], which contains the necessary 
structural requirements to bind and elicit biological effects 
at NT receptors, is an obvious lead compound for 
development. However NT(8-13) is rapidly degraded by 
peptidases. Therefore, it is important to synthesize 
functional NT analogues with stabilized bonds against 
metabolic deactivation. Based on the above, we herein 
report the synthesis of twelve new linear and cyclic 
analogues of NT with modifications in the basic structure of 
the C-terminal part of the molecule needed for function in 
order to improve the metabolic stability. The analogues 
contain D-Tyrosine(Ethyl) [D-Tyr(Et)] or D-1-naphtylalanine 
[1-Nal] in position 11, D-Arginine in position 8 or 9, L-
Lysine in position 8 or 9 and 1-[2-(aminophenyl)-2-
oxoethyl]-1H-pyrrole-2-carboxylic acid (AOPC) in position 8 
or 7. They were synthesized by the Fmoc/But solid phase 
methodology utilizing 2-chlorotrityl chloride resin and they 
are now being tested for their functional properties. 
 
P349. Abstract number: 337 
Influence Of Non Natural Amino Acids At Position 3 Of 
[Mpa1, D-(Et)Tyr2] or [Mpa1, D-1-Nal2] Oxytocin On 
Their Pharmacological Properties 
GP Pairas1, V Magafa1, N Assimomytis2, R Exarchakou1, 
G Daletos1, L Borovicková3, J Slaninová3, P Cordopatis1

1Department of Pharmacy, University of Patras, PATRAS, 
Greece 
2Department of Mechanical Engineering, TEI of Patras, 
PATRAS, Greece 
3Department of Antimicrobial Peptides, Academy of 
Sciences of Czech Republic, PRAGUE, Czech Republic 
Oxytocin (OT), a physiologically important nonapeptide 
hormone and neurotransmitter containing a 20-membered 
tocin ring (from Cys-1 to Cys-6) and an acyclic tripeptide 
tail (from Pro-7 to GlyNH2-9), regulates several 
physiological functions, such as milk ejection, uterine 
contractions, vascular and cardiac relaxation, interferes 
with salt and water balance, and is known to play a role in 
social and reproductive behaviour and emotions. The 
multiple established and proposed actions of OT are all 
mediated by one type of OT receptor. The effect on uterine 
contractions is of major pharmacological importance 
because OT is the strongest uterotonic agent known and is 
commonly used in obstetrical practice to speed up labor. 
The role of OT in preterm labor led to the search for and 
design of synthetic peptide antagonists as potential 
tocolytic agents. OT receptor antagonists represent 
relatively new class of tocolytics under investigation. They 
afford greater specificity and can be expected to exhibit 
improved efficacy and risk profiles. The design of new OT 
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antagonists is based on data from structure-activity 
studies. Antagonistic activity depends on the configuration 
and the hydrophobicity of the amino acid at position 2. In 
continuing our work aimed at the design of selective OT 
antagonists we investigated the effectiveness of 
modifications in position 3 by unnatural amino acids. Here 
we present the synthesis of eleven new [Mpa1, D-
(Et)Tyr2]OT or [Mpa1, D-1-Nal2]OT analogues which 
contain in position 3 the following residues: L- or D-1-
naphtylalanine [1-Nal] or L- or D-allylglycine. We also 
studied the effect of modified C-terminal amide on 
biological potency of the new OT analogues. The peptides 
were prepared by standard SPPS methods, analyzed by 
analytical HPLC and their identity confirmed by Electro-
spray MS. The analogues were tested for uterotonic 
activity in the rat uterus in vitro test, for pressor activity in 
the rat pressor assay and for the affinity to human OT 
receptor. 
 
P350. Abstract number: 340 
Molecular Recognition in Amyloid Protein Cross- and 
Self-Association: Hot Regions of the Abeta-IAPP 
Cross- and Self-Interaction Interface  
AK Kapurniotu1, E Andreetto1, LM Yan1, R Frank2, A 
Kapurniotu1

1Technische Universität München, FREISING, Germany 
2Helmholtz Centre for Infection Research,, 
BRAUNSCHWEIG, Germany 
In vivo protein aggregation is linked to cell degeneration 
and the pathogenesis of a number of fatal cell 
degenerative diseases including the Alzheimer’s disease 
(AD) and type 2 diabetes (T2D). Increasing evidence 
supports the suggestion that cross-amyloid interactions 
may play an important role in the pathogenic self-
association pathways of amyloidogenic polypeptides and 
proteins. Such cross-amyloid interactions include for 
example the Aβ-α-synuclein, the Aβ-prion protein, and the 
IAPP-insulin interaction.  
The two key amyloid forming polypeptides of AD and T2D, 
the 40- to 42-residue polypeptide beta-amyloid peptide 
(Aβ) and the 37-residue islet amyloid polypeptide (IAPP) 
(T2D), are intrinsically disordered but highly amyloidogenic 
polypeptides and share a 25% degree of sequence identity 
and a 50% of sequence similarity. Recently, we have 
shown that non-fibrillar and non-toxic Aβ and IAPP species 
bind each other with low nanomolar affinity and that Aβ-
IAPP hetero-association suppresses cytotoxic self-
association and amyloidogenesis by both peptides (Yan et 
al., Angew. Chem. Int. Ed. (2007)). Thus, the Aβ-IAPP 
cross-amyloid interaction might be a molecular link 
between AD and T2D. In fact, clinical and 
pathophysiological studies suggest that the two diseases 
might be linked to each other.  
Here we will present our studies on the cross- and self-
interaction interface of Aβ and IAPP using synthetic 
peptide arrays and fluorescently or biotin labeled peptides. 
We identify short Aβ and IAPP peptide sequences as hot 
spot regions of the Aβ-IAPP interaction interface or the 
shortest sequences which are able to bind IAPP or Aβ with 
affinities in the nano- to low µM range. Most importantly, 
the identified hot spot regions bind with high affinity both 
IAPP and Aβ. These results show that the high affinity 
cross-amyloid interactions between Aβ and IAPP are 
mediated via their amyloidogenic self-recognition domains 
(Andreetto et al., Angew. Chem. Int. Ed., (2010)). Our 
results support the idea that common molecular recognition 
features underlie both amyloidogenic self- and the non-
amyloidogenic hetero-association processes of Aβ, IAPP, 
and likely other amyloidogenic polypeptides and provide a 

novel mechanistic basis for understanding protein 
interactions involved in amyloid disease and toward 
developing compounds to modulate these processes.  
 
P351. Abstract number: 376 
Conformational behaviour of vasopressin-like peptides 
in the membrane-mimetic environment 
E.S. Sikorska, A Kwiatkowska 
University of Gdansk, Faculty of Chemistry, GDANSK, 
Poland 
It is believed that lipids are implicated in interactions of 
peptide hormones with their membrane receptors. These 
interactions, through the change of peptide conformation, 
is likely to facilitate the entry of the hormone into the 
microenvironment of the receptor. For this reason, in the 
present study, we made a combined experimental and 
computational approach to learn how vasopressin-like 
peptides interact with a dodecylphosphocholine (DPC) 
micelle. The micelle simulates eukaryotic cell membranes, 
which are generally rich in zwitterionic phospholipids.  
We studied the structures and interactions of a variety of 
vasopressin analogues modified with bulky aromatic 
residues at position 2 with membrane mimic by concerted 
use of NMR and restrained time-averaged molecular 
dynamics simulation techniques employing an explicit 
(united atom) DPC micelle model. Molecular dynamics 
simulations were carried out with the parm99 force field in 
the AMBER9.0 package. The analysis of conformational 
properties and interactions of the peptide with the 
membrane surrogate provides a basis for understanding 
the mechanism of interactions of vasopressin-like 
hormones with their receptors.  
This work was supported by the Polish Scientific Research 
Committee Grant No. N N204 181736 grant. The 
calculations were carried out in the Academic Computer 
Centre (TASK) in Gda'sk, Poland  
 
P352. Abstract number: 411 
A complete substitutional analysis of GLP-1 leads to 
potent and proteolytically stable analogues 
J Kofoed, M Krasnova Skov, C Rosenquist, S Østergaard 
Novo Nordisk A/S, MAALOEV, Denmark 
One of the major drawbacks of peptides is their short half-
lives in vivo were they are rapidly degraded by proteases. 
Thus, measures to stabilize peptides towards proteolysis 
are needed while still maintaining the peptide efficacy.  
Herein we present a complete substitutional analysis of 
GLP-1 based on the well-established method of automated 
SPOT peptide synthesis (Frank R, Tetrahedron 1992, 48, 
9217-9232.). By anchoring target peptides via a photolabile 
linker or an ester linkage to the cellulose support in 96-
array format, peptide analogues can be assayed in solution 
using a high-throughput functional assay thus allowing for 
fast generation of structure-activity relationships. 
Furthermore, by submitting fluorescently labelled, 
overlapping fragments of the target peptide to purified 
enzymes detailed information about degradation patterns 
can be obtained.  
In combination, these techniques allows for the rapid 
generation of new lead structures. 
 
P353. Abstract number: 453 
M1154 - A novel galanin ligand to delineate the 
galaninergic system 
HM Runesson, Ü Langel 
Dept of Neurochemistry, Stockholm University, 
STOCKHOLM, Sweden 
The galanin family currently consists of four members, 
namely galanin, galanin-message-associated peptide 
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(GMAP), galanin-like peptide (GALP) and alarin. The 
galanin peptide family and its three receptors (GalR1-3) 
have with compelling evidence been implicated in a variety 
of human disorders. The co-localization with other 
neuromodulators and the distinct up-regulation during and 
after pathological disturbances has drawn attention to this 
neuropeptide family. Here we present data on receptor 
binding and preliminary data in functional response for the 
novel M1154 peptide, including a comparison with several 
GalR2 selective peptides. M1154 retains high affinity 
binding to GalR1 and GalR2 although it has no detectable 
binding to GalR3. We believe that utilizing this selective 
galanin ligand together with previous published M1145 
raise the possibility to delineate the galanin system. 
 
P354. Abstract number: 463 
Oxytocin Agonist Design - A selenocysteine mimetic 
reveals a functional selectivity switch for the human 
oxytocin receptor 
MM Muttenthaler1, A Dantas de Araujo1, A Andersson1, I 
Vetter1, C Gruber2, Y Garcia Ramos1, D Feytens1, C 
Bergmayr3, M Freissmuth3, R Lewis1, P Alewood1

1Institute for Molecular Bioscience / The University of 
Queensland, BRISBANE, Australia 
2Department of Pharmacognosy / University of Vienna, 
VIENNA, Austria 
3Institute of Pharmacology, Medical University of Vienna, 
VIENNA, Austria 
Oxytocin (OT) and vasopressin (AVP) are closely related, 
highly conserved, multifunctional nonapeptides with a N-
terminal cyclic 6-residue ring structure stabilized by an 
intramolecular disulfide bond, and a flexible C-terminal 3-
residue tail. They act via one oxytocin receptor (OTR) and 
three vasopressin receptors (V1aR, V1bR, V2R), which are 
all members of the G-protein-coupled receptor (GPCR) 
family. The structural similarity of OT and AVP combined 
with the high extracellular receptor homology results in 
significant cross talk, and physiological function is 
essentially controlled by receptor up/down regulation, 
enzymes, plasma half-life, controlled release mechanism 
and receptor location rather than by ligand selectivity. The 
development of therapeutics and diagnostic tools however 
requires a high degree of ligand selectivity to avoid side 
effects and to delineate individual receptor function. 
Although many analogues have been synthesized, there 
remains a shortage of receptor selective agonists and 
antagonists, in particular for the human receptors.  
This work illustrates the impact of C-terminal and disulfide 
bond modifications of OT on activity, plasma stability and 
receptor selectivity. It also describes the novel chemistry 
developed for this study, including on-resin thioether 
formation and new cysteine/selenocysteine protecting 
groups. The lead compound identified has increased 
stability and is a highly selective and potent peptide agonist 
for the human OTR. This ligand should not only facilitate 
future OTR studies, but also shows great promise for 
therapeutic development.  
 
P355. Abstract number: 469 
Design, synthesis and biological evaluation of novel 
endomorphins with multiply structural modifications 
G Toth1, JR Mallareddy1, A Borics1, K Kövér2, A Keresztes1

1Biological Research Center, SZEGED, Hungary 
2Department of Inorganic and Analytical Chemistry, 
University of Debrecen, DEBRECEN, Hungary 
 
Endomorphins (Tyr-Pr-Trp/Phe-Phe-NH2) are -opioid 
agonists with significant analgetic acivity.1 14 new 
analogues were designed and synthesized. In all cases 

two or three amino acids were substituted with unnatural 
amino acids in order to obtain proteolytically stable, 
pharmacologically active compounds, and on the other 
hand to investigate the mode of receptor-ligand 
interactions favourable for opioid binding. On he basis of 
our earlier works2 dimethyltyrosine (Dmt), 2-amino-
cyclohexanecarboxylic acid (Achc), (2S,3S)beta MePhe 
and p-FPhe were used for the substitution. SPPS was 
used for the peptide synthesis. Radioreceptor assays using 
rat brain membrane preparation, 3H-DAMGO and 3H-
Ile5,6-deltorphin-2 as selective opioid ligands and 
[35S]GTPgamma S binding were done for biological 
evaluation. In consistent with earlier findings, the 
derivatives manifested low to high binding potencies, 
selectivities and efficacies (all retained agonist properties) 
depending upon the chiralities of the incorporated amino 
acids and their positions in the structure. The most 
effective analogue was Dmt-(1S,2R)Achc-Phe-pFPhe-NH2 
with subnanomole affinity and high selectivity to -opioid 
receptor and very stable against proteolytic enzymes.  
1.Zadina, J.E., Hackler, L., Ge, L:J, Kastin, A.J. Nature, 
368 (1997) 499.  
2.Keresztes, A., Szücs, M., Borics A., Kövér K. et al. 
J.Med.Chem. 51 (2008) 4270  
This work was supported by the Hungarian OTKA-73081 
funding and the FP-6 European Normolife grant (LSHC-
CT-2006-037733).  
 
P356. Abstract number: 558 
A neuropeptidomics study of the bovine 
hypothalamus reveals novel endogenous peptides and 
processing pathways. 
L Colgrave1, X Li2, S Lehnert1, T Flatscher-Bader1, H 
Wadensten3, A Nilsson3, P Andren3, G Wijffels1

1CSIRO Livestock Industries, BRISBANE, Australia 
2College of Veterinary Medicine, Northwest A&F University, 
XI'AN, China 
3BMMS, Uppsala University, UPPSALA, Sweden 
The hypothalamus is the central regulatory region of the 
brain that links the nervous system to the endocrine 
system via the pituitary gland. It synthesises and secretes 
neuropeptide hormones which in turn act to stimulate or 
inhibit the secretion of pituitary hormones. In our 
laboratory, we have undertaken a detailed investigation of 
the peptide profile of the bovine hypothalamus after 
thermal stabilisation (using a novel tissue stabilizing 
system) to inhibit post-mortem degradation. Optimisation of 
acquisition conditions specific to the study of endogenous 
peptides, combined with iterative and comprehensive 
database searching strategies, uncovered neuropeptides 
that would otherwise have remained undetected. The 
untreated samples contained large numbers of protein 
degradation products that interfered with the analysis of the 
neuropeptides. In the treated samples, we identified whole 
suites of neuropeptides that are known to be expressed in 
the bovine hypothalamus. Furthermore, we have 
characterised a range of post-translational modifications 
that are indicative that we have correctly processed mature 
neuropeptides in the stabilized tissue samples, whereas 
we detected many trimmed or truncated peptides resulting 
from post-mortem degradation in the untreated tissue 
samples. Altogether, using this optimised workflow, we 
were able to detect 118 bovine neuropeptides, some of 
which we report the first spectral evidence for and many of 
which that have not been annotated in databases to date. 
The identification of a range of novel neuropeptides and 
the characterisation of post-translational modifications give 
clues about non-conventional prohormone processing 
potentially involving a family of carboxypeptidase enzymes. 
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P357. Abstract number: 53 
Implications of replacement of amino acids at 
positions B24 and B26 of insulin by the non-aromatic 
residues 
LZ Zakova1, EA Antolikova1, AMB Brzozowski2, JJ Jiracek1

1Institute of Organic Chemistry and Biochemistry, ASCR, 
PRAGUE 6, Czech Republic 
2Structural Biology Laboratory, Department of Chemistry, 
University of York, YORK, United Kingdom 
Insulin is a polypeptide hormone with a broad impact on a 
wide range of biochemical processes in the organism; 
especially on the lowering of plasma glucose levels and 
lipid and protein metabolism. Two main requirements are 
necessary for a correct accomplishment of the insulin 
mission: the ability of the hormone to bind to the insulin 
receptor (IR) and the ability of the IR to translate to insulin 
binding into signaling processes in the cell. Insulin consists 
of 21 amino acids A-chain of and 30 amino acids B-chain, 
covalently linked by two disulphides. Insulin is released 
from pancreatic cells to the bloodstream as a hexamer, 
which then splits into dimers and monomers depending on 
the insulin concentration. The insulin is active only as a 
monomer.  
Our study is focused on two amino acids from C-terminus 
of the B chain: phenylalanine B24 and tyrosine B26. The 
aromatic triplet PheB24-PheB25-TyrB26 belongs to 
invariant residues and it is probably the first place of the 
contact of insulin with the receptor. Each of these residues 
provides its own distinct contribution towards insulin 
aggregates and insulin - receptor interactions. The PheB24 
and TyrB26 are involved in dimer interface; contributing 
towards four hydrogen bonds that form antiparallel β-sheet 
between insulin molecules. Although non-direct 
interactions between PheB24 and TyrB26 with receptor are 
presumed, they play an important role in binding affinity.  
Using enzymatic semisynthesis, we prepared eleven new 
insulin analogues. Three analogues were prepared with 
the PheB24- and four analogues with TyrB26 substitutions. 
Amino acids with the envisaged impact on the main chain 
structure were selected here: Pro, D-Pro, Sar and Gly. 
PheB24 was also replaced by His and D-His as these 
insertions yielded analogues with interesting properties (1-
3). Additionally, we also prepared of three novel analogues 
with simultaneous substitutions at positions B24 and B26. 
Binding affinities of all analogues will be presented and 
discussed.  
1. Zakova, L., Barth, T., Jiracek, J., Barthova, J. & Zorad, 
S. (2004) Biochemistry 43:2323-2331.  
2. Zakova, L., Kazdova, L., Hanclova, I., Protivinska, E., 
Sanda, M., Budesinsky, M. & Jiracek, J. (2008) 
Biochemistry 47:5858-5868.  
3. Jiracek, J., Zakova, L., Antolikova, E., Watson, C. J., 
Turkenburg, J. P., Dodson, G. G. & Brzozowski, A. M. 
(2010) Proc. Natl. Acad. Sci.U.S.A. 107:1966-1970.  
 
P358. Abstract number: 54 
Binding affinities of insulin analogues substituted at 
the position B26 with glutamine, asparagine and 
aspartic acid. 
EA Antolikova, LZ Zakova, JJ Jiracek 
Institute of Organic Chemistry and Biochemistry, ASCR, 
PRAGUE, Czech Republic 
Insulin regulates blood glucose levels with a widespread 
impact on lipid and protein metabolism. It is a molecule of 
major therapeutic importance in the treatment of diabetes. 
The mature form of insulin has a B chain (PheB1-ThrB30) 
and an A chain (GlyA1-AsnA21), stabilized by three 
disulphide bonds. Insulin’s metabolic actions are 
expressed through binding as a monomer to the insulin 

receptor (IR). The assumed place of the first contact of 
insulin with IR is located to the C-terminus of the B chain, 
particularly to the aromatic triplet PheB24-PheB25-TyrB26. 
These amino acids belong to invariant residues and each 
of them provides its own distinct contribution to insulin-
insulin and insulin-IR interactions. PheB24 and TyrB26 are 
involved in monomer-monomer contacts in the insulin 
dimer; four hydrogen bonds form antiparallel β-sheet 
between insulin molecules. Although position B26 of insulin 
is probably not involved in direct interaction with the insulin 
receptor, replacement of the TyrB26 with various amino 
acids resulted in full-length analogues with binding affinities 
ranging from less active [D-ProB26]-insulin (0.9%) (see our 
second abstract) to more potent [GluB26]-insulin (125%) 
(1). To our knowledge, [GluB26]-insulin is the only full-
length analogue substituted at the position B26 with 
enhanced binding affinity compared with human insulin 
(100%). Moreover, some shortened B26-substituted 
analogues are ”superpotent”; [D-AlaB26]-DTI-NH2 
(1250%) (2) or [SarB26]-DTI-NH2 (1100%) (3).  
The present study deals with the B26 position in full-length 
insulin analogues. For the design of new analogues we 
were inspired by [GluB26]-insulin; B26-position was 
substituted with glutamine, asparagine, and aspartic acid. 
Binding affinities of the analogues will be presented and 
discussed.  
1.  Brange, J., Ribel, U., Hansen, J. F., Dodson, G., 
Hansen, M. T., Havelund, S., Melberg, S. G., Norris, F., 
Norris, K. & Snel, L. (1988) Nature 333:679-682.  
2. Kurapkat, G., Siedentop, M., Gattner, H. G., Hagelstein, 
M., Brandenburg, D., Grotzinger, J. & Wollmer, A. (1999) 
Protein Sci. 8:499-508.  
3. Leyer, S., Gattner, H. G., Leithauser, M., Brandenburg, 
D., Wollmer, A. & Hocker, H. (1995) Int. J Pept. Protein 
Res 46:397-407.  
 
P359. Abstract number: 61 
Peptide-peptide recognition of a-helices to dissect the 
mechanism of docking and fusion using SNARE 
derived peptides 
KM Meyenberg1, GB Van den Bogaart2, RJ Jahn2, UD 
Diederichsen1

1Institut für Organische und Biomolekulare Chemie, 
GÖTTINGEN, Germany 
2Max-Planck-Institut für biophysikalische Chemie, 
GÖTTINGEN, Germany 
SNARE-proteins catalyze the fusion of membranes in all 
intracellular membrane fusion reactions except 
mitochondrial fusion. Membranes destined to fuse contain 
complementary sets of SNARE proteins each containing a 
conserved stretch of 60-70 amino acids (SNARE motif) 
that is usually connected to a C-terminal transmembrane 
domain via a short linker domain. Upon membrane contact, 
the SNARE motifs assemble into a stable four-helix coiled-
coil recognition complex combining three helices of the 
membranes (t-SNAREs) with a single helix from the other 
membrane (v-SNARE).[1, 2] However, it is not clear yet 
whether fusion is caused by force exerted on the 
membranes (transmitted to the transmembrane domain by 
a stiff linker[3]) or via other mechanisms. We attempt to 
clarify these biological questions with a chemical approach 
replacing the SNARE motifs of neuronal SNARE proteins 
by an artificial recognition unit. The well-known coiled-coil 
forming peptides (E-I-A-A-L-E-K)3 and (K-I-A-A-L-K-E)3 
were chosen as recognition unit.[4] The corresponding 
artificial SNARE biooligomers were synthesized using 
microwave-assisted Fmoc-SPPS. Fusion experiments with 
vesicles containing these artificial SNARE biooligomers 
and various lipid compositions showed in vitro fusion 
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activities with comparable kinetics to those of neuronal 
SNARE proteins. Control experiments with the coiled-coil 
forming peptides as soluble additives showed no or at least 
reduced fusion activity with respect to their excess. Further 
experiments are to be carried out to investigate the 
mechanism of the fusion process.  
Financial support by the Deutsche 
Forschungsgemeinschaft (SFB 803) is gratefully 
acknowledged.  
1R. Jahn, R.H. Scheller, Nat. Rev. Mol. Cell Biol. 2006, 7, 
631.  
2 R.B. Sutton, D. Fasshauer, R. Jahn and A.T. Brunger, 
Nature 1998, 395, 347.  
3 A. Stein A, G. Weber, M.C. Wahl MC and R. Jahn, Nature 
2009, 460, 525.  
4 H.R. Marsden, N.A. Elbers, P.H.H. Bomans, N.A. 
Sommerdijk and A. Kros, Angew. Chem. 2009, 121, 2366.  
 
P360. Abstract number: 75 
Peptide inhibitors of HIV-1 integrase: from mechanistic 
studies to improved lead compounds 
M. Maes, A Levin, Z Hayouka, E. Shalev, A Loyter, A 
Friedler 
Hebrew University of Jerusalem, JERUSALEM, Israel 
One of the most important steps in the replication cycle of 
HIV-1 is the integration of the viral DNA into the host cell 
genome. This step is catalyzed by the viral enzyme 
integrase (IN), making it an attractive target for the 
development of anti-HIV drugs.  
We previously developed peptides that inhibit IN in vitro 
and as well as HIV-1 replication in cells. In this work we 
focused on one of these peptides, IN1 and studied its 
mechanism of IN inhibition as a basis for improving its 
activity. Here we present the design, synthesis and 
evaluation of several derivatives of the 20-mer IN1. The 
peptide corresponding to the N-terminal half of IN1 (IN1 1-
10) was easier to synthesize and much more soluble than 
the original IN1. IN1 1-10 bound IN with improved affinity 
and inhibited IN activity in vitro and HIV replication and 
integration in infected cells. While IN1 bound the IN 
tetramer, its shorter derivatives bound dimeric IN. Mapping 
the peptide binding sites in IN provided a model that might 
explain this difference. We conclude that IN1 1-10 is an 
improved lead compound for further development of IN 
inhibitors.  
* Armon-Omer A., Levin A., Hayouka Z., Butz K., Hoppe-
Seyler F., Loya S., Hizi A., Friedler A. and Loyter A. (2008); 
J Mol Biol, 376 (4): 971-982  
* Maes M., Levin A., Hayouka Z., Loyter A., Friedler A. 
(2009); Bioorg Med Chem, 17(22): 7635-42 
 
P361. Abstract number: 97 
Antibodies Against Synthetic Peptides For Detection 
Of Anti-Apoptotic Proteins Survivin And 
Nucleophosmin In Tumor Cells 
O.M. Volpina1, E Akhidova1, T Volkova1, D Koroev1, M 
Filatova1, A Kaminina1, L Antonova1, L Zavalishina2, Y 
Andreeva2, T Bulycheva3, T Bulycheva4, N Deineko4, N 
Vladimirova1

1Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, 
Russian Academy of Sci, MOSCOW, Russia 
2Moscow Gertsen Oncology Research Institute, 
MOSCOW, Russia 
33Haematological Science Centre, Russian Academy of 
Medical Sciences, MOSCOW, Russia 
4Haematological Science Centre, Russian Academy of 
Medical Sciences, MOSCOW, Russia 
Several proteins such as survivin and nucleophosmin, are 
known to inhibit apoptosis in tumor cells. These proteins 

play an important role in a tumor cells, because their 
quantity, intracellular localization and the structure status 
are changed during cells malignization. Detailed 
characteristics of these factors are necessary for 
differential diagnostics of tumor diseases and for an 
optimal radio- and chemotherapy scheme selection. There 
are no antibodies which would be able to specifically detect 
different forms of these proteins. Recent data show that not 
only the significant increase in the amount of these 
proteins but also their new forms are detected within the 
tumor cells. New forms of the proteins result from changes 
either on the genetic or protein level. Changes in 
monomer-oligomer state of both survivin and 
nucleophosmin are detected. At the same time there are 
no antibodies specific to different forms of the proteins.  
More than 20 peptides were synthesized to raise 
antibodies against tumor-specific forms of nucleophosmin 
and survivin. Peptides were chosen from immunoactive 
fragments of survivin 2B, nucleophosmin isoform NPM1.1 
and its mutated forms: NPMm А and NPMm '. Rabbits 
have been immunized with synthetic peptides either in a 
free non-conjugated state or conjugated with a protein 
carrier. BrCN-activated Sepharose 6B conjugated with a 
corresponding peptide was used for affinity purification of 
anti-peptide antibodies. Using ELISA, immunoblotting, 
immunocyto- and immunogistochemical methods we 
studied the ability of the affinity purified antibodies to detect 
different forms of nucleophosmin and survivin in tumor cell 
cultures, lymphoid cells from patients with hematopoietic 
malignancies cancer and in tissue samples of different 
solid tumors. Specific anti-peptide antibodies detecting 
either nuclear or cytoplasmic survivin have been obtained. 
Correlation between a quantity of survivin in tumor and the 
degree of malignanancy in breast cancer samples has 
been established. Investigation of 40 tissue samples of 
bladder cancer allowed to reveale the correlation between 
high concentration of survivin and a low degree of tumor 
cells differentiation.. Therefore, the obtained antibodies can 
be applied for development of new approaches to tumor 
diagnostics development and to increase the effectiveness 
of the antitumor therapy.  
Supported by RAS program FSM 2009-2011 and RFBR 
grants 09-04-00713, 10-04-01588.  
 
P362. Abstract number: 120 
Using peptides to study the protein-protein 
interactions involved in Agrobacterium infection in 
plant cells 
M. Maes, A Loyter, A Friedler 
Hebrew University of Jerusalem, JERUSALEM, Israel 
The plant pathogen Agrobacterium is able to genetically 
transform several plant species. This is the only known 
event of trans-kingdom DNA transfer in Nature. This way, 
Agrobacterium induces a tumor growth on the plant (known 
as 'Crown Gall' disease), creating a favorable environment 
for its growth. Agrobacterium transfers its DNA to the 
infected plant by using a T-plasmid, which contains a T-
DNA sequence that is integrated into the host cell genome. 
The T-DNA is enveloped by the bacterial VirE2 protein, 
which interacts with the plant VIP1 protein. In addition, 
VIP1 interacts with numerous other proteins, both of the 
bacterium and of the plant. VIP1 contains a nuclear 
localization signal (NLS), and by interaction with importin 
alpha, it directs the whole complex of T-DNA and 
associated proteins to the cell nucleus where integration 
into the host genome takes place.  
Despite its importance, no structural or quantitative 
information is available regarding VIP1 or its interactions 
with other proteins. Our research aim was to characterize 
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these interactions in detail, in order to gain insight into the 
mechanism of the Agrobacterium infection and its DNA 
integration. We developed a protocol for expression and 
purification of the VIP1 protein. To study the VIP1 
interactions, we designed a peptide array containing partly 
overlapping peptides derived from bacterial and plant 
VIP1-binding proteins. Screening the array for VIP1 binding 
resulted in selection of several peptides corresponding to 
the VIP1-binding domains of these proteins. The peptides 
were synthesized and their VIP1 binding properties were 
quantified using fluorescence anisotropy. The peptides 
penetrated cells, which allowed us to study their effect on 
the intracellular VIP1-VirE2 and VIP1-importin alpha 
interactions.  
 
P363. Abstract number: 134 
The oligomerization equilibrium of p53 is modulated 
by peptides that bind its C-terminal domain 
R. G. Gabizon1, T Brandt2, D Veprintsev2, A Friedler1

1Institute of Chemistry, The Hebrew University, 
JERUSALEM, Israel 
2MRC Centre for Protein Engineering, CAMBRIDGE, 
United Kingdom 
p53 is a homotetrameric protein that has a pivotal role in 
the cellular anti cancer defense mechanism. It is a 
transcription factor that is active in the nucleus as a 
tetramer, but is inactive in its dimeric and monomeric 
forms. Oligomerization of p53 is mediated by a structurally 
independent tetramerization domain (residues 326-355). 
Stabilizing the p53 tetramer is an important goal in anti-
cancer therapy, since it could result in activated p53 that 
can cause increased apoptosis of cancer cells.  
In our lab we recently developed the Shiftides approach, in 
which short peptides are used to modulate the 
oligomerization equilibrium of proteins (Hayouka et al., 
PNAS 2007). Here we implemented this approach to 
discover p53-activating shiftides that will stabilize the p53 
tetramer. We screened an array of peptides derived from 
proteins known to bind the p53 C-terminal domain 
(p53CTD, residues 293-393) for binding to recombinantly 
expressed p53CTD. We identified 10 peptides that bound 
p53CTD, and quantitatively characterized their binding to 
p53CTD using fluorescence anisotropy. All peptides 
showed binding in the micromolar range. We tested the 
effect of the peptides on the oligomerization equilibrium of 
full length p53 using fluorescence monitored analytical 
ultracentrifugation sedimentation rate analysis 
(Rajagopalan et al., Nucleic Acids Res. 2008; Brandt et al., 
BMC Genomics. 2009). Several peptides shifted the 
oligomerization equilibrium of p53 towards the tetramer 
and other high order oligomeric species. The peptides that 
stabilize the tetramer may serve as basis for the 
development of anti-cancer compounds that activate p53 
by stabilizing the active tetramer in a shiftide mechanism. 
 
P364. Abstract number: 135 
Affinity binding studies of a-synuclein and anti-a-
synuclein antibody by online combination of SAW 
biosensor and ESI-MS 
A. Vlad1, S Slamnoiu1, M Dragusanu1, T Ciossek2, B 
Hengerer2, M Przybylski1
1University of Konstanz, KONSTANZ, Germany 
2Boehringer Ingelheim Pharma GmbH & Co. KG, ZNS 
Research Department, BIBERACH, Germany 
The surface acoustic waves (SAW) biosensor is a newly 
developed method able to detect the bioaffinity interaction 
between two molecular species [1]. Here we describe the 
combination of SAW biosensor and electrospray ionisation 
mass spectrometry (ESI-MS), as a highly sensitive 

technique recently developed in our laboratory [2]. In the 
present work, this method has been applied for the 
characterisation of several antigen- antibody systems 
related to Parkinson’s disease. The anti-α-synuclein 
specific antibodies (200 nM, 150 µl) were covalently 
immobilised on the gold coated surface of the quartz chip, 
using as a linker a self-assembled monolayer (SAM) of 16-
mercaptohexadecanoic acid. The interactions with α-
synuclein (α-Syn), α-Syn (59-80), (1-23), (61-140), (96-
140) peptide antigens were determined. Further, the affinity 
bound antigens were eluted under acidic conditions (pH 2) 
and analysed by ESI mass spectrometry using an 
intermediate sample desalting and concentration step on a 
guard column. Molecular interaction kinetics between α-
Syn (10 M) immobilised on a gold chip and different 
concentrations of anti-α-synuclein mono/ polyclonal 
antibodies, ranging from 5 to 200 nM, were determined by 
SAW biosensor. The obtained KD values are in the low 
nano-molar range. The bioaffinities were comparatively 
investigated by Dot Blot, Elisa, SAW biosensor and SAW-
ESI MS, and the results were found to be in good 
agreement.  
[1] Perpeet, M. Analytical Letters, Vol 39, Number 8, 2006, 
1747-1757  
[2] Dragusanu, M. et al. J. Am. Soc. Mass Spectrom, 2010, 
submitted 
 
P365. Abstract number: 138 
Dengue Virus Infection and Assembly - Unravelling the 
Role of the Capsid Protein 
JMF Freire1, AS Veiga1, W Kowalczyk2, D Andeu2, M 
Castanho1

1Instituto Medicina Molecular, LISBOA, Portugal 
2Department of Experimental and Health Sciences, 
Pompeu Fabra University, BARCELONA, Spain 
Aim: Dengue virus (DV), a member of the Flavivirus family, 
is responsible for around 100 million infections worldwide. 
Although some models have been proposed to explain its 
infection mechanism, this process remains unclear. Recent 
studies point to the capsid protein (DenC) participation in 
the viral assembly and infection. This is supported by the 
identification of two distinct domains in DenC, one highly 
positively charged and other highly hydrophobic that may 
interact with the viral genome and with the host membrane, 
respectively. With this work we intend to study the 
interaction of DenC with lipid bilayers, using large 
membrane vesicles (LUV) as biomembrane models, in the 
presence of nucleotides. For this purpose we studied two 
peptides (Peptide R and Peptide M) derived, respectively, 
from the DenC RNA-affinity domain and membrane-affinity 
domain.  
Materials and Methods: Dynamic Light Scattering (DLS) 
and ζ-potential results on negatively charged membranes 
(POPC:POPG) show LUV aggregation by Peptide R and 
membrane interaction is predominantly electrostatic. 
Vesicle aggregation by Peptide M is slower and 
hydrophobic interactions govern its interaction with 
membranes. DLS results with oligonucleotides showed the 
formation of high affinity supramolecular complexes of 
Peptide R with DNA and less with Peptide M.  
A model was developed to assess the interaction of each 
peptide in a ternary system 
(Peptide+nucleotide+membrane) by Fluorescence 
Spectroscopy techniques [1][2]. This model determines the 
membrane partition coefficient (Kp,c) of the complex 
PeptideR/M+nucleotide. It is considered that there is an 
aqueous equilibrium of the peptide and the nucleotide with 
a binding constant Kb, determined by Life Time 
Fluorescence quenching. A double partition can occur (one 
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by the free peptide (Kp) and other by the complex (Kp,c)) 
which was observed on LUVs probed with a membrane 
potential-sensitive probe, DI-8-ANNEPS. 
 
P366. Abstract number: 139 
Dengue Virus Infection and Assembly - Unravelling the 
Role of the Capsid Protein 
JMF Freire1, AS Veiga1, W Kowalczyk2, D Andeu2, M 
Castanho1

1Instituto Medicina Molecular, LISBOA, Portugal 
2Department of Experimental and Health Sciences, 
Pompeu Fabra University, BARCELONA, Spain 
Dengue virus (DV), a member of the Flavivirus family, is 
responsible for around 100 million infections worldwide. 
Although some models have been proposed to explain its 
infection mechanism, this process remains unclear. Recent 
studies point to the capsid protein (DenC) participation in 
the viral assembly and infection. This is supported by the 
identification of two distinct domains in DenC, one highly 
positively charged and other highly hydrophobic that may 
interact with the viral genome and with the host membrane, 
respectively. With this work we intend to study the 
interaction of DenC with lipid bilayers, using large 
membrane vesicles (LUV) as biomembrane models, in the 
presence of nucleotides. For this purpose we studied two 
peptides (Peptide R and Peptide M) derived, respectively, 
from the DenC RNA-affinity domain and membrane-affinity 
domain.  
Dynamic Light Scattering (DLS) and ζ-potential results on 
negatively charged membranes (POPC:POPG) show LUV 
aggregation by Peptide R and membrane interaction is 
predominantly electrostatic. Vesicle aggregation by Peptide 
M is slower and hydrophobic interactions govern its 
interaction with membranes. DLS results with 
oligonucleotides showed the formation of high affinity 
supramolecular complexes of Peptide R with DNA and less 
with Peptide M.  
A model was developed to assess the interaction of each 
peptide in a ternary system 
(Peptide+nucleotide+membrane) by Fluorescence 
Spectroscopy techniques [1][2]. This model determines the 
membrane partition coefficient (Kp,c) of the complex 
PeptideR/M+nucleotide. It is considered that there is an 
aqueous equilibrium of the peptide and the nucleotide with 
a binding constant Kb, determined by Life Time 
Fluorescence quenching. A double partition can occur (one 
by the free peptide (Kp) and other by the complex (Kp,c)) 
which was observed on LUVs probed with a membrane 
potential-sensitive probe, DI-8-ANNEPS. 
 
P367. Abstract number: 145 
Iap-Based Peptide Inhibitors Of Apoptosis 
V Martinovich, O Gribovskaya, I Shutova, V Golubovich 
Institute of Bioorganic Chemistry, National Academy of 
Sciences of Belarus, MINSK, Belarus 
The aim of this study was to detect the binding sites of IAP 
with caspase-7 and caspase-9, to predict and to synthesize 
their peptide analogs, to estimate their ability to inhibit 
apoptosis.  
To perform computer modelling of the binding sites the 
proteins from IAP family with caspases, the following 
spatial structures were selected from the ProteinDataBank 
(PDB; http://www.pdb.org/pdb/home/home.do): 3D9T - 
caspase-9/IAP complex; 1KMC, 1I51, 1I40 and 1NW9 - 
caspase-7/IAP complex; 2AR9 - caspase-9 dimer; 2QL9, 
2QLB and 2QL5 - caspase-7 dimer.  
For detection the binding sites of proteins we have 
developed a program complex which allows to build a 
molecular protein surfaces, to detect cavities on the protein 

surface and to carry out the analysis of hydrophobic and 
hydrophilic properties of detected cavities. With the help of 
the developed by us program complex and using free 
software BLAST and ALIGN from UniProt consortium 
(http://www.uniprot.org/) for alignment of primary 
sequences, binding sites of IAP with caspase-7 and 
caspase-9 were modelled in silico. The following peptides 
were proposed, which model the inhibitory function of IAP: 
Asp-Gln-Gly-Arg-Ser-Thr for caspase-7 and Asp-Glu-Gly-
Arg-Trp for caspase-9.  
The peptides were synthesized by classical methods in 
solution using hydrogen-labile protection of side functional 
groups and Boc-protection for α-aminogroups by the 
subsequent elongation of the peptide chain starting from 
the C-end. The C-end amino acids were introduced in the 
synthesis in the form of methyl esters, C-end fragments 
were coupled with the Boc-derivatives of the corresponding 
amino acids. Diisopropylcarbodiimide with the addition of 
N-hydroxybenzotriazole was applied as the coupling agent. 
The target peptides Asp-Gln-Gly-Arg-Ser-Thr and Asp-Glu-
Gly-Arg-Trp were identified by quantitative amino acid 
analysis and mass-spectrometry. Their homogeneity was 
confirmed by analytical HPLC.  
 
The ability of peptides to inhibit apoptosis was 
demonstrated using glioma C6 cells as a model. The 
activity of caspases 7 and 9 was detected using 
chromogenic substrates Ac-Asp-Gln-Thr-Asp-pNA and Ac-
Leu-Glu-His-Asp-pNA, accordingly. 
 
P368. Abstract number: 191 
Structural studies of Neutrophil Elastase-dependent 
Host Defence Peptides 
C Hewage1, A Subasinghage1, S Desgranges2, M 
DeVocelle3

1University College Dublin, DUBLIN, Ireland 
2Royal College of Surgeons in Ireland, DUBLIN, Ireland 
3Royal College of Surgeons in Ireland, DUBLIN, Ireland 
Peptides with broad-spectrum antimicrobial activities play a 
crucial role for developing drugs for variety or diseases. In 
particular Host Defence peptides related to Neutrophil 
Elastase have excited interest as candidates for 
development into therapeutically valuable antimicrobial and 
anti-inflammatory agents. However, their use as an 
effective agent is restricted due to various known and 
unknown chemical and biological factors. In order to 
understand the structural basis for their difference in 
biological activity, authors have investigated the solution 
NMR structure of peptide D-P18 and its propeptide, E4-A3-
D-P18, by NMR spectroscopy and molecular modelling in 
aqueous conditions and in TFE-water mixed solvent 
systems. In aqueous solution conditions, both peptides 
lack formation of secondary structural character. In a 50% 
TFE-water mixed solvent system, D-P18 peptide is 
characterised by a left-handed short α-helical conformation 
between residues Ile8-Leu14 whereas the propeptide, E4-
A3-D-P18, adopts a long extended α-helical conformation 
between residues Lys8-Ile15 and Lys17-Lys24. The data 
provide the basis for the design of further analogues of the 
D-P18 peptide with improved therapeutic properties. This 
structural study has demonstrated that the greatly reduced 
haemolytic activity of the propeptide analogue, E4-A3-D-
P18, compared with the D-P18 peptide is possibly a 
consequence of the increased α-helicity of the analogue as 
well as the concomitant decrease in hydrophobic 
character.  
Authors are grateful to University College Dublin for 
Research Demonstratorship to AS and acknowledge the 
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funding from Science Foundation Ireland for the NMR 
spectrometer upgrade. 
 
P369. Abstract number: 196 
N-linked homodimers of the kinin B1 receptor 
antagonist R-715 
A Neugebauer, M Savard, K Klarskov, F Gobeil 
Université de Sherbrooke, Dept. Pharmacology, 
SHERBROOKE, (QUÉBEC), Canada 
The kinin B1 receptor (B1R) may play an important role in 
pathological conditions. We previously developed a highly 
potent and selective kinin B1R antagonist, R-715 (Ac-Lys-
[D-βNal7, Ile8]desArg9-bradykinin). However, R-715 is 
only partially resistant against enzyme degradation, which 
may explain its relatively short half life in vivo. It is 
contemplated that covalent peptide dimers may improve 
stability, circulating half-life and make more potent 
therapeutics than monomers. With this in mind, we 
designed and synthesized on solid phase N-linked 
homodimers of R-715 comprising linkers with different acyl-
chain lengths such as 6 (adipoyl) (NG2049), 8 (suberyl) 
(NG2035), 10 (sebacoyl) (NG2050) and 12 carbons 
(dodecanedioyl) (NG2051). Synthesized homodimers were 
cleaved from the resin and purified by HPLC. Peptides 
identities were confirmed by mass spectrometry. We 
initially determined the antagonistic potencies (pA2 value) 
of the synthesized homodimers by using rabbit aortic strip 
contraction assays. Results showed that all dimeric 
analogues of R-715 impaired the agonist-induced 
contractile activity although not to the same extent. In 
comparison with the parent monomer antagonist R-715 
(pA2: 8.40±0.12), the peptide NG2049 (pA2: 8.43±0.17) 
and NG2035 (pA2: 8.66±0.19) maintained similar inhibitory 
effects while peptides NG2050 (pA2: 7.69±0.14) and 
NG2051 (pA2: 7.75±0.12) showed reduced potencies. We 
concluded that the optimum length of spacer arms of N-
terminal dimeric R-715 analogues for B1R antagonism is 
with acyl chains of 6 and 8 carbons, which corresponds to 
a maximal length of 7.47 Å and 9.79 Å. Further studies are 
needed to test whether the strategy of R-715 dimerization 
translates to greater potency and long-lasting in vivo 
activity. 
 
P370. Abstract number: 234 
Design and Synthesis of Novel Peptidic Apoptosis 
Mimetics 
S Balalaie1, SA Ebadi1, A Arabanian1, J Davoodi2, B 
Ahangarian2

1Peptide Chemistry Research Center, TEHRAN, Iran 
2Institute of Biochemistry and Biophysics, University of 
Tehran, TEHRAN, Iran 
Apoptosis or programmed cell death is a critical process in 
both development and homeostasis of multicellular 
organisms. In appropriate regulation of apoptosis is 
associated with many human diseases, such as cancer. 
Targeting critical apoptosis regulators is an attractive 
strategy for the development of new classes of therapies 
for the treatment of cancer and other human diseases. 
Caspases are a family of cysteine proteases, which play 
essential roles in apoptosis. Meanwhile, Smac peptides 
promote at least in part through antagonizing inhibitor of 
apoptosis proteins (IAPs) including XIAP. Apoptosis is 
promoted by the release of Smac from the mitochondria 
into the cytosol, where it interacts with multiple IAPs and 
relieves their inhibitory effect on caspases. Studies have 
shown that Smac promotes the catalytic activity of 
Caspace for the same binding pocket on the surface of the 
BIR3 domain. Molecular studies have shown that some 
decapeptides could affect the apoptosis pathway. In this 

work, some decapeptides were synthesized using solid 
phase peptide synthesis method, and their anti-cancer 
activity was investigated. The details about the active sites 
of the synthesized peptides will be discussed.  
 
P371. Abstract number: 245 
Synthesis and comparison of new citrullinated 
epitopes the early diagnosis of rheumatoid arthritis 
Ms Babos1, E Szarka2, M Adori2, Z Baka3, G Nagy3, G 
Sarmay4, F Hudecz5, A Magyar5

1Eötvös Loránd Science University, BUDAPEST, Hungary 
2Immunology Research Group of the Hungarian Academy 
of Sciences, ELTE, BUDAPEST, Hungary 
3Buda Hospital of Hospitaller Brothers of St. John, 
BUDAPEST, Hungary 
4Department of Immunology, Eötvös Lorand University, 
BUDAPEST, Hungary 
5Research Group of Peptide Chemistry, HAS, ELTE, 
BUDAPEST, Hungary 
Anti-citrullinated protein antibodies (ACPA) are sensitive 
and specific markers for diagnosis and prognosis in 
rheumatoid arthritis (RA). Citrullination is a post-
translational modification of arginine by deimination, 
induced by peptidylarginine deiminase (PAD). Citrullination 
has been observed in different synovial proteins, including 
fibrinogen, filaggrin, vimentin and collagen. Antibodies 
specific for cyclic citrullinated filaggrin peptides were 
detected in RA sera and anti-CCP positivity is widely used 
for diagnostic purposes. However, to determine the ACPA-
reacting epitopes on vimentin and new epitopes on 
filaggrin would be useful in the diagnosis of anti-CCP2 
seronegative patients.  
Our aim was to develop new tools for the detection of 
ACPA and thus for the early diagnosis of RA by the use of 
clearly defined epitopes on filaggrin, vimentin and collagen.  
First we used conventional solid-phase peptide synthesis 
(Fmoc strategy) carried out on ”MULTIPIN NCP”(Chiron 
Mimotopes Peptide System) non-cleavable kit. Citrullinated 
peptides and the unmodified counterparts containing 
arginine were synthesized on the pins in order to compare 
their respective reactivities. We have used these peptides-
on-pins in an ”indirect”ELISA and ACPA was determined in 
the sera of RA and non-RA patients using anti-IgG plus 
IgM secondary antibodies. Comparing short sequences of 
filaggrin, vimentin and collagen we have found that only 
two 5-mer and a 19-mer citrullinated filaggrin peptides 
were recognized by the RA sera, with a sensitivity and 
specificity that was comparable with the currently used 
tests. To validate the data obtained by multi-pin ELISA, 
selected peptides were synthesized in a C- or N-terminally 
biotinylated form by SPPS, according to Fmoc/tBu 
strategy. These peptides were fixed to ELISA plates pre-
coated with neutravidin. The RA sera samples specifically 
recognized the C terminally biotinylated filaggrin peptides, 
while showed no reaction with the N-terminally biotinylated 
ones. We could not find any correlation between the 
reactivity profile of the 5-mer peptide and the values of anti-
CCP test, suggesting that the 5-mer C-terminally 
biotinylated filaggrin peptide represents a new epitope 
recognized by ACPA.  
Identification of new filaggrin epitopes could be important 
for the development of novel diagnostic tools for RA.  
Supported by GVOP-3.1.1.2004-05 0183/3.0, RET 
06/2006, OTKA-NKTH CK_80689 grants, Hungary 
 
P372. Abstract number: 273 
Structure-Activity Relationships of hNPFF2 Receptor 
Rd Rathmann 
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Leipzig University / Institute of Biochemistry, LEIPZIG, 
Germany 
The G protein coupled NPFF1/2 receptors were discovered 
in 2000/2001 [1]. They belong to an opioid-modulatory 
system, interact with the inhibitory Gα protein and are 
stimulated by neuropeptide FF (NPFF, FLFQPQRF-NH2). 
Three additional peptides with related sequences are 
known in humans: NPAF, NPVF and NPSF. All peptides 
exhibit a conserved structure, the RFamide peptide motif 
and are NPFF1/2 receptor ligands with different nanomolar 
affinities [2].  
As all RFamide peptides contain the RFamide motif, the 
contribution of Arg7 of the NPFF for ligand affinity and the 
role of Phe8 of the RFamide motif has been investigated.  
Accordingly, the cDNA of human NPFF2 receptor was 
cloned into an eukaryotic expression vector. Furthermore, 
NPFF and several analogues at positions of the Arg7 or 
Phe8 were synthesised by solid phase peptide synthesis. 
Scores of artificial amino acids with differences in charge, 
aromaticity, length, or size of the side chain as well as 
backbone modifications were used to identify the structure-
activity relationships. To investigate the ligand receptor 
interaction, an IP3 signal transduction assay was 
performed, applying a chimeric Gαqi4 protein. We could 
confirm that Arg7 and Phe8 of the NPFF play a major role in 
ligand binding to the hNPFF2 receptor and its signal 
transduction. Our results indicate on a molecular level, 
which ligand modifications have an impact on binding 
affinity. Especially for the Arg7 solely minor alterations were 
tolerated and Phe8 seems to interact with its distinct size 
and length more than with its aromaticity.  
1.  Bonini, J.A.; Jones, K. A.; Adham, N.; Forray, C.; 
Artymyshyn, R.; Durkin, M. M.; Smith, K. E.; Tamm, J. A.; 
Boteju, L. W.; Lakhlani, P. P.; Raddatz, R.; Yao, W. J.; 
Ogozalek, K. L.; Boyle, N.; Kouranova, E. V.; Quan, Y. ; 
Vaysse, P. J.; Wetzel, J. M.; Branchek, T. A.; Gerald, C.; 
Borowsky, B.; J Biol Chem, 2000. 275, 39324 31.  
2.  Mollereau, C.; Mazarguil, H.; Marcus, D.; 
Quelven, I.; Kotani, M.; Lannoy, V.; Dumont, Y.; Quirion, 
R.; Detheux, M.; Parmentier, M.; Zajac, J.M.; Eur J 
Pharmacol. 2002. 451(3):245-56.  
 
P373. Abstract number: 309 
4-Methylpseudoproline analogues of cyclolinopeptide 
A: synthesis, conformation and biology 
Dr Katarzynska1, K Huben1, S Jankowski1, M Zimecki2, J 
Zabrocki1
1Institute of Organic Chemistry, Technical University of 
Lodz, LODZ, Poland 
2Institute of Immunology and Experimental Therapy, Polish 
Academy of Sciences, WROCLAW, Poland 
Pseudoprolines (ψpro, 1,3-oxazolidines and 1,3-
thiazolidines) derived from Ser, Thr or Cys, have been 
applied as a versatile tool in a structure-activity relationship 
studies due to enhanced content of cis isomer, depending 
on stereochemistry and degree of substitution at the C-2 
atom position of the proline ring [1].  
4-Alkylpseudoprolines derived from α-alkyl-α-
hydroxymethyl amino acids possess alkyl substituent at the 
C-4 atom of the ring which changes their chemical and 
conformational properties in comparison to pseudoprolines 
derived from serine or threonine [2].  
Now we present synthesis, conformation and biological 
activity of new analogues of cyclolinopeptide A (CLA), 
containing 4-methylpseudoproline instead of proline 
residues in position 6 or 7. It is known that 
immunosuppressive activity of CLA, comparable with 
cyclosporine A, is connected to the presence of the 

tetrapeptide Pro-Pro-Phe-Phe fragment containing Pro-Pro 
cis amide bond [3].  
The linear precursors of modified CLA analogues were 
prepared manually by standard solid-phase procedure 
”step by step”on Wang resin. N-Fmoc derivative of 4-
methylpseudoproline was obtained by one pot 
cyclocondensation of the corresponding α-methylserine 
with formaldehyde and N-(9-
fluorenylmethoxycarbonyloxy)succinimide in alkaline 
solution. The NH-group in 4-methylpseudoproline residue 
was acylated ('difficult coupling') by using BTC (bis-
(trichlomethyl)carbonate). The cyclization of linear 
precursors has been made in solution using EDC/HOBt as 
a coupling reagents.  
The compounds strongly suppressed mitogen-induced 
proliferation of T and B cells to a similar degree as well as 
the humoral immune response in vitro. The suppression 
was comparable to that of cyclosporine A at 10-100 g/ml 
concentration. A moderate toxicity with regard to mouse 
and human lymphocytes, comparable to that of unmodified 
peptide - CLA together with a strong antiproliferative 
properties suggest their potential application in prevention 
of graft rejection and limitation of tumor growth.  
This work was supported by Technical University of Lodz, 
grant DS-I18/12/2010.   
[1] Tuchscherer G., Mutter M., Chimia 55: 306-313, 2001.  
[2] Katarzy'ska J., Jankowski S., Huben K., Leplawy M. T., 
Zabrocki J. Peptides 2002, Proc. 27th Eur. Peptide Symp., 
Benedetti E, Pedone C (eds.). Italy: Napoli, 160-161, 2002.  
[3] Siemion I.Z., Pędyczak A., Strug I., Wieczorek Z., Arch. 
Immunol. Ther. Exp.42: 459-465, 1994.  
 
P374. Abstract number: 314 
Design, synthesis and stability studies of potent 
inhibitors of pro-protein convertases (PCs). 
A.K. Kwiatkowska, N Chevalier, F D’Anjou, S Routhier, R 
Desjardins, Y Dory, W Neugebauer, R Day 
University of Sherbrooke, SHERBROOKE (QUÉBEC), 
Canada 
Pro-protein convertases (PCs) are a mammalian family of 
nine serine endoproteases responsible for post-
translational processing of inactive precursors of many 
regulatory proteins. Seven structurally related PCs, known 
as furin, PACE4, PC1/3, PC2, PC4, PC5/6 and PC7 cleave 
various precursors at the motif (K/R)-(X)n-(K/R)'. Two 
additional members, namely SKI-1 and PCSK9 are 
implicated in cholesterol and lipid metabolism. During the 
past few years, several important pathologies have been 
linked with PC-like activity such as cancer, viral and 
bacterial infections, neurodegenerative disorders, diabetes, 
and atherosclerosis. Thus, PCs inhibitors might represent 
potential drugs for the treatment of these diseases. The 
aim is to obtain specific inhibitors for individual PCs 
because not all of them are implicated in a given disease 
state. Many peptide inhibitors have been investigated such 
as those derived from PC prodomains, endogenous 
inhibitors of PC2, PC1/3 or identified from a combinatorial 
library. However, the development of peptides as clinically 
useful drugs is greatly limited by their poor metabolic 
stability and low bioavailability. Recently, our group has 
developed a relatively specific inhibitor of PACE4, PC5/6 
and PC7. The introduction of multi-Leu residues in the P8-
P5 positions made the peptide more selective for these 
enzymes in comparison to Furin and PC2. This inhibitor 
has potent effects on cell proliferation and tumor 
progression, especially in cell models of prostate cancer. 
However, further stabilization of the structure is necessary. 
Thus the aim of this work was to introduce a series of 
chemical modifications in the potent PC inhibitor 
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AcLLLLRVKR-NH2 . Several approaches including the use 
of D-amino acids, unusual amino acids, click chemistry 
have been used to improve the pharmacokinetic properties 
of the model peptide. In the present study, we report 
synthesis of new peptides and their inhibitory potency 
against furin, PC2, PACE4, PC1/3, PC5/6 and PC7. 
Furthermore, we determined the stability and bioavailability 
of selected compounds. Our results showed that position 
P6 (Leu3) of inhibitors based on AcLLLLRVKR-NH2 
sequence is crucial for their activity. Modification of this 
position by D-Leu, Nle resulted in suppression of inhibitory 
potency. On the other hand, substitution of position P8 or 
introduction of triazole ring between P8 and P7 (Leu1-Leu2) 
did not affect peptide activity. 
 
P375. Abstract number: 321 
A new class of somatostatin analogues with 
antiproliferative activity in human cancer cells 
Y.T. Tsuda, A Miyazaki, E Okuno, I Kuriyama, Y 
Mizushina, H Yoshida 
Kobe Gakuin University, KOBE, Japan 
Somatostatin [SS-14: H-Ala-Gly-c(Cys-Lys-Asn-Phe-Phe-
Trp-Lys-Thr-Phe-Thr-Ser-Cys)-OH] suppresses growth of 
cancer cells that lead to efforts to develop antitumor drugs 
based on its structure of SS-14. Despite efforts, difficulties 
exist on separating two specific functions: namely, the 
inhibitory action on tumor cell growth, and the regulatory 
effect on endocrine and exocrine systems. A derivative of 
SS-14, TT-232 [H-D-Phe-c(Cys-Tyr-D-Trp-Lys-Cys)-Thr-
NH2][1], had potent antiproliferative activity in human 
cancer cells without antisecretory action mediated SS-14 
receptors (SSTRs). Toward this goal, we prepared small 
peptides related to TT-232 and screened for their biological 
activities.  
Protected peptides were synthesized by a solution method 
using Boc-chemistry. Final products were identified by 
MALDI-TOF mass spectrometry and elemental analyses. 
The SS-14 receptors binding activity was assessed using a 
radioligand and recombinant cells expressing SSTR1-
SSTR5. Antiproliferative activity in human cancer cells and 
in vitro DNA polymarase inhibition by the compounds were 
evaluated by the MTT test and the dTTP incorporation to 
DNA template-primer such as poly(dA)oligo(dT), 
respectively. All compounds exhibited 1000-fold less 
binding toward SSTR1-SSTR5 than SS-14 (KD = 0.034-0.9 
nM); however, H-Tyr(BrZ)-D-Trp-1-Ada (1) had the most 
potent antiproliferative activity in human colon carcinoma 
cell line, HCT116 (< 5% viability at 10-6 M) and induced cell 
cycle arrest at S phase. Furthermore, 1 inhibited rat DNA 
polymerase beta (>95% inhibition at 10-6 M). These 
findings suggested that small peptides related TT232 are a 
new class of somatostatin analogues exhibiting 
antiproliferative activity without interaction to SSTRs.  
1. Keri, G., et al. (1996) Pro. Natl. Acad. Sci. U. S. A. 93, 
12513-12518. 
 
P376. Abstract number: 323 
Affinity ionic liquid for biomolecular interaction 
analysis 
Y.-H. Chu1, MC Tseng2, MJ Tseng3

1Department of Chemistry and Biochemistry, National 
Chung Cheng University, CHIAYI, Taiwan 
2Institute of Molecular Biology, Academia Sinica, TAIPEI, 
Taiwan 
3Institute of Molecular Biology, National Chung Cheng 
University, CHIAYI, Taiwan 
Ming-Chung Tseng,1 Min-Jen Tseng,2 Yen-Ho Chu3*  
1Institute of Molecular Biology, Academia Sinica, Taipei, 
Taiwan, Republic of China  

2Institute of Molecular Biology, and 3Department of 
Chemistry and Biochemistry, National Chung Cheng 
University, Chia-Yi, Taiwan, Republic of China; E-
mail:cheyhc@ccu.edu.tw  
Based upon specific biomolecular recognition, an efficient 
technology platform namely affinity ionic liquid (AIL) was 
developed for conveniently isolating and purifying peptide 
and proteins such as His-tagged green fluorescent protein 
(GFP) from bacterial cell lysates. This AIL is composed of 
a chemically stable bicyclic imidazolium ionic liquid 
covalently conjugated with a Ni(II)-chelated nitrilotriacetic 
acid (NTA) used as the key recognition element (1). In our 
hands, this AIL was capable of quantitatively extracting the 
peptide such as Fmoc-His6-NH2 (2) from aqueous buffer 
phase into the ionic liquid layer. Results of titration 
experiments showed that the stoichiometry of binding 
interaction of 1 with 2 is 1:1. Additionally, our result of 
protein interaction analysis using 1 clearly demonstrated 
that the GFP retains its native conformation in ionic liquid.  
1. Tseng, M.-C.; Tseng, M.-J.; Chu, Y.-H. Chem. Comm. 
2009, 7503-7505.  
2. Kan, H.-C.; Tseng, M.-C.; Chu, Y.-H. Tetrahedron 2007, 
63, 1644-1653. 
 
P377. Abstract number: 328 
Analogues of trypsin inhibitor SFTI-1 modified in 
absolutely conservative P'1 position by synthetic or 
non-proteinogenic amino acids 
K Rolka, R Lukajtis, A Legowska, M Wysocka, A Lesner 
Faculty of Chemistry, University of Gdansk, GDANSK, 
Poland 
As reported in the literature, in canonical serine proteinase 
inhibitors Ser residue present in P1’ position is absolutely 
conservative and therefore crucial for inhibitory activity. In 
the case of isolated from sunflower seeds a trypsin inhibitor 
SFTI-1 - the smallest (14 amino acid residues homodetic 
peptide containing also one disulfide bridge) among the 
most potent inhibitors of the Bowman-Birk family, this 
residue is located in position 5. It was shown that hydroxyl 
group of this amino acid residue is involved in the 
hydrogen network comprising also Thr4 and Ile10 and the 
interaction between Ser6 and Thr4 appears to be 
instrumental in projecting the substrate specificity P1 side 
chain outward for the interaction with the enzyme S1 
subside. Only few attempts have been made to obtain 
synthetic analogues of natural occurring inhibitors modified 
in this position. Having in mind our promising studies on 
peptomeric analogues of SFTI-1 and limited experimental 
data that support the statement about the role of the 
inhibitor P1’position, we decided to focused our attention 
on role of hydroxyl group of Ser6 in the inhibitor - enzyme 
interaction. Here we report chemical synthesis and 
determination of α-chymotrypsin inhibitory activity of a 
series of linear and monocyclic (with disulfide bridge only) 
analogues of SFTI-1 modified in the P’1 position by other 
than proteinogenic amino acids: Hse (L-homoserine), Nhse 
(N-(2-hydroxyethyl) glycine), Sar, Ala, Pro and Hyp (L-
hydroxyproline). In the substrate specificity P1 position Phe 
or its mimetic N-benzylglycine (Nphe) were introduced. The 
performed kinetic studies of analogues synthesized with 
cognate enzyme shown that in monocyclic (but not linear) 
analogues, Hse, Nhse and Hyp are tolerated yielded 
potent inhibitors. Interestingly, the introduction peptiod 
monomer Nhse in position P’1 produced analogue with the 
activity of almost one order of magnitude higher than 
naturally occurring (and highly conserved) Ser or Hse. This 
is the first evidence that absolutely conservative Ser 
present in the inhibitor P’1 position can be successfully 
replaced by synthetic derivative. In addition, analogues 
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with Nphe in position P1 displayed full proteolytic 
resistance.  
This work was supported by Polish Ministry of Science and 
Higher Education under grant 2889/H03/2008/34. 
 
P378. Abstract number: 329 
The influence of the disulfide bridge of trypsin 
inhibitor SFTI-1 for the enzyme - inhibitor interaction 
K Rolka, D Debowski, A Legowska, M Wysocka, A Lesner 
Faculty of Chemistry, University of Gdansk, GDANSK, 
Poland 
The trypsin inhibitor SFTI-1 isolated in 1999 from the 
sunflower seeds is currently the smallest naturally 
occurring peptidic proteinase inhibitor. Because of its small 
size and well defined structure, SFTI-1 has been chosen 
by several groups to be a lead structure in a design of new 
inhibitors of serine proteinases. One of the first studied 
aspects of SFTI-1 structure was the role of cyclic elements 
(disulfide bridge and head-to-tail cyclisation) in maintaining 
its rigid structure and the influence it has on its high 
inhibitory activity. In our first paper on SFTI-1 we showed 
that the elimination of one cycle yielded very potent 
inhibitors. It was also proved by other groups that a 
disulfide bridge is essential for maintaining the structure of 
the inhibitor and is responsible for its proteolytic stability. In 
order to obtain more proteolytic-resistant analogues of the 
SFTI-1, several attempts have been made to modify the 
disulfide bridge, including its replacement by ethylene and 
olefin bridge. Such analogues appeared to be 
metabolically stable. Based on these interesting results, we 
decided to synthesize two series of SFTI-1 monocyclic 
analogues. In the first one, a disulfide bridge was formed 
by combination of Cys, Hcy, Pen and Nhcy (N-
sulfanylethylglycine)). The second series contained 
monocyclic SFTI-1 analogues in which a ring formation 
was achieved via a ureido group incorporating the side-
chains of amino groups of L-2,3-diaminopropionic acid 
(Dap), L-2,4-diaminobutyric acid (Dab), Orn and Lys placed 
in positions originally occupied by Cys residues. Our 
results have clearly shown that Pen and Nhcy are not 
acceptable in position 3, yielding inactive analogues, 
whereas second residue (Cys11) can be substituted 
without significant impact on affinity towards proteinase. 
On the other hand, lengthening of Cys3 side chain 
(introduction of Hcy) does not affect inhibitory activity and 
the analogue with Hcy - Hcy disulfide bridge was more 
than twice as effective as the reference compound. It is 
worth noticing that all analogues that contained carbonyl 
bridges of a different size, appeared to be potent trypsin 
inhibitors. The obtained results show that this redox stable 
modification is well tolerated in the structure of proteinase 
inhibitor.  
This work was supported by Polish Ministry of Science and 
Higher Education under grant 2889/H03/2008/34. 
 
P379. Abstract number: 344 
A novel diagnostic-prognostic tool for diabetes: UPLC 
analysis of glycated metabolites  
S C Carganico1, N Zanella2, G Sabatino3, P Rovero4, M 
Chorev5, AM Papini6
1PeptLab University of Florence, SOSCO University of 
Cergy Pontoise, SESTO FIORENTINO, Italy 
2Department of Chemistry „Ugo Schiff„, University of 
Florence, SESTO FIORENTINO, Italy 
3Espikem Srl, PRATO, Italy 
4Department of Pharmaceutical Sciences, University of 
Florence, SESTO FIORENTINO, Italy 
5Laboratory for Translational Research, Harvard Medical 
School, CAMBRIDGE, United States of America 

6Laboratoire SOSCO - EA4505 University of Cergy-
Pontoise, NEUVILLE-SUR-OISE, France 
Urine and blood of each individual contain a unique pattern 
of metabolites, among which are free amino acids and 
short peptides. A definite metabolite pattern can also be 
associated to several pathological conditions and thus 
becoming a biomarker of a given disease1. Herein we 
report our approach to novel diagnostic-prognostic assays 
for diabetes based on the analysis of glycated amino 
acids/or peptides in biological fluids.  
Glycation of proteins through non-enzymatic reactions 
between glucose or other reducing sugars and reactive 
amino groups represents one of the most abundant 
process involved in aberrant modifications of proteins2. 
Spontaneous and reversible condensation of reducing 
sugars and a free amino group forms an aldimine (Schiff 
base) that undergoes a rearrangement into the more stable 
ketoamine (Amadori product)3. In the case of glucose, the 
initially formed Schiff base rearranges into the more stable 
1-deoxyfructopyranosyl moiety, leading to the irreversible 
formation of advanced glycation end products (AGEs) that 
are associated with numerous diseases4,5. Abnormally 
high glucose concentration in blood, characteristic of many 
diabetes forms, increases the frequency of glycation in 
diabetic patients. In fact glycated albumin in blood is 
already used as diagnostic parameter for diabetes. 
Nevertheless, this methodology suffers from some 
limitations such as accuracy and impossibility to identify 
”pre diabetic”conditions. We speculate that hyperglycaemia 
may generate a higher concentration of glycated 
metabolites, in the form of glycated amino acids and 
peptides present in diabetic patients’ biological fluids 
compared to healthy individuals. Thus we propose to follow 
such glycated molecules as specific biomarkers of disease 
progress. To this aim we set up an UPLC analytical 
method of amino acid/peptide analysis to evaluate the 
presence of free glycated Lysine derivatives in diabetes 
patients’ biological samples. We recently reported the first 
synthesis of an Nε-Amadori-containing Nα-Fmoc-Lys-OH 
derivate for SPPS (Fig. 1a),6 we applied for the synthesis 
of a deprotected glycated Lysine derivate (Fig. 1b). This 
product can be used as reference in amino acid analysis. 
In addition we generated a free glucito-Lysine (Fig. 1c), 
representing the reduced form of product b, to be used for 
the analysis of glycated metabolites derived from protein 
hydrolysis. The latter reduction is necessary to make the 
sugar moiety stable to hydrolytic conditions. 
 
P380. Abstract number: 351 
Enhancement of aggregation energetics and 
neurotoxicity by site-specific modification of amyloid 
beta peptides with oxidized cholesterol 
K Usui1, JD Hulleman2, ET Powers2, JF Paulsson2, SJ 
Siegel2, JW Kelly2

1Konan University, KOBE, Japan 
2The Scripps Research Institute and The Skaggs Institute, 
LA JOLLA, United States of America 
Aggregation and accumulation of amyloid bata peptide 
(Abeta) linked to age-associated deficiencies in protein 
homeostasis appear to cause Alzheimer’s disease (AD), 
which is one of the most common amyloid diseases. 
However, how Abeta can aggregate in vivo even though its 
physiological concentration (which is in the nanomolar 
range) is much lower than its critical concentration for 
aggregation (which is in the micromolar range) remains 
unexplained. We have proposed that covalent modification 
of Abeta by lipid oxidation products can explain how Abeta 
can form amyloid at physiological concentration. The 
cholesterol oxidation product 1(2) with an aldehyde group, 
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which can modify Abeta by Schiff-base formation, is an 
example of the products that could affect AD onset. Here 
we examine several significant questions about the 
modification of Abeta by 1(2), including: Does modification 
by 1(2) lower the critical concentration of Abeta 
aggregation into the physiological concentration range?; Is 
Abeta modified by 1(2) able to aggregate at low 
concentrations on a biologically relevant time scale?; and 
are the aggregates formed by Abeta-1(2) toxic to primary 
neurons? These questions were addressed by studying 
chemically synthesized analogs of Abeta that were site-
specifically modified with 1(2) at Asp1, Lys16, or Lys28 [1]. 
Although these distinct modifications have a similar effect 
on the thermodynamic propensity for aggregation, enabling 
aggregation at low concentrations, the modification site 
differentially influences the aggregation kinetics; Lys-16-
modified Abeta formed amorphous aggregates fastest and 
at the lowest concentration. The influence of modification 
site on the nature of the aggregates suggests that 
amorphous aggregation and fibrillization place different 
conformational demands on Abeta. Furthermore, the 
aggregates resulting from Lys-16-modified Abeta were 
more toxic to primary rat cortical neurons than treatment 
with unmodified Abeta under identical conditions and at the 
same concentration. These studies may partially explain 
how Abeta can form neurotoxic aggregates at nanomolar 
physiological concentrations when the critical concentration 
of unmodified Abeta is in the micromolar range.  
1. Usui. K., Hulleman, J. D., Paulsson, J. F., Siegel, S. J., 
Powers, E. T., and Kelly, J. W. (2009) Proc. Natl. Acad. 
Sci. U. S. A., 106, 18563-15868. 
 
P381. Abstract number: 356 
Lwg1A: A novel scorpion toxin that adopts an 
ancestral motif 
J Smith, JM Hill, GL King, PF Alewood 
Institute for Molecular Biosciences, The University of 
Queensland, ST LUCIA, Australia 
Scorpion venoms and their component peptides have been 
studied for almost 50 years, with over 200 peptides 
discovered to date. A novel peptide named Lwg1A 
containing two disulfide bonds was isolated and 
sequenced from the venom of the Australian scorpion 
Liocheles waigiensis. It was synthesised using soild phase 
Boc chemistry and found to have insecticidal activity 
against mealworms, crickets and the pest species, the 
Australian sheep blowfly. Structural determination using 
NMR revealed it adopts a hitherto hypothetical ancestral 
fold, the disulfide-directed hairpin, or DDH. This is the first 
example of a native peptide that adopts this fold. The DDH 
can be considered the precursor from which the inhibitory 
cysteine knot (ICK) and the cystine-stabilised alpha beta 
(CSAB) motifs evolved, both of which are present in 
scorpion venom peptides. The ICK motif is also found in 
toxin peptides from other evolutionarily divergent 
organisms, including spiders, cone snails and plants. In 
addition to providing a structural precursor to the ICK and 
CSAB motifs, Lwg1A has the potential to be developed into 
a novel pesticide. 
 
P382. Abstract number: 357 
Tryptophan defines a key interaction between O-
conotoxin MrVIB and the Voltage-Gated Sodium 
Channel 
J Jin1, G Hopping1, S Nevin2, N Daly1, C Armishaw1, D 
Craik1, D Adams2, P Alewood1

1Institute for Molecular Bioscience, BRISBANE, Australia 
2Queensland Brain Institute, BRISBANE, Australia 

O-conotoxin MrVIB (MrVIB) is a 31-residue peptide 
isolated from the venom of the predatory cone snail Conus 
marmoreous. It is of great research interest due to its 
exquisite selectivity on the subtypes of the voltage-
sensitive sodium channel (Nav). To give further insight into 
the structure-activity relationship of MrVIB, we synthesised 
the first analogue of MrVIB - [W6A]MrVIB, to evaluate the 
contribution of tryptophan makes toward channel selectivity 
and affinity. In this study, a selective disulfide bond 
protection strategy was applied to the synthesis of both 
MrVIB and its analogue. Disulfide bridge patterns of the 
MrVIB analogues were characterized by pepsin digestion 
and partial reduction/alkylation. The solution structures of 
MrVIB and [W6A]MrVIB were compared by NMR. 
Synthetic MrVIB showed identical potency and selectivity 
as native MrVIB on Nav1.8 over Nav1.2 channels in an 
oocyte expression system. However, replacement of 
tryptophan with alanine led to the activity complete 
abolition at both Nav1.2 and 1.8 channel subtypes. NMR of 
[W6A]MrVIB revealed disrupted structure over the well 
resolved region of native MrVIB. It appears that tryptophan 
residue has a significant influence on the structure of 
MrVIB, therefore plays a critical role in receptor recognition. 
 
P383. Abstract number: 387 
B-cell epitope mapping of immunodominant proteins 
in Pemphigus Vulgaris: prediction, synthesis, and 
immunoserological evaluation 
H Szabados1, S Bosze2, A Blazsek3, P Silló3, S Kárpáti3, F 
Hudecz4, K Uray2

1Eötvös Loránd University, BUDAPEST, Hungary 
2Research Group of Peptide Chemistry, Hungarian 
Academy of Sciences, BUDAPEST, Hungary 
3Department of Dermato-Venereology and Skin Oncology, 
Semmelweis University, BUDAPEST, Hungary 
4Department of Organic Chemistry, Eötvös L. University, 
BUDAPEST, Hungary 
 Pemphigus Vulgaris (PV) is an autoimmune, 
intraepithelial, blistering disease affecting the skin and 
mucous membranes and is mediated by circulating and 
tissue-bound autoantibodies (of the IgG1 and IgG4 
subclasses) directed against keratinocyte cell surfaces. 
Pemphigus antibody binds to desmosomal proteins: 
desmoglein 1 (Dsg1) and desmoglein 3 (Dsg3). These are 
transmembranous components of desmosomes, adhesion 
units specialized in conferring epidermal keratinocyte 
cohesion and linked to intercellular molecules of the 
desmosomal plaque, which in turn interacts with 
components of the cytoskeleton. The binding of antibody to 
desmoglein 1 and 3 may have a direct effect on 
desmosomal adherents or may trigger a cellular process 
that results in acantholysis1.  
In order to localize the potentially antigenic sites, we have 
predicted beta-turns of Dsg1 and Dsg3 protein segments 
using the Chou-Fasman secondary structure prediction 
method2 and hydrophobicity predictions by Eisenberg et 
al3. Segments with high probability of beta-turn secondary 
structure (Pbeta-turn>1) and low probability of hydrophobicity 
(Phydrophobicity<0) were selected. We also used the 
PredictProtein website in order to make our prediction 
results more accurate. According to these results 
pentadecapeptides overlapping in five amino acid residues 
were synthesized in duplicates on 
hydroxypropylmethacrylate pins with Fmoc/tBu chemistry. 
The side chain protecting groups were removed with 
trifluoroacetic acid in the presence of scavengers, but the 
peptides remained covalently attached to the pins. To 
detect the interaction between the autoantibodies and the 
synthetic peptides modified ELISA (Enzyme Linked 
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Immunosorbent Assay) tests were performed with the 
serum of a group of patients with PV and the serum of 
healthy individuals.  
1. Waschke J. The desmosome and pemphigus. 
Histochem Cell Biol. 2008. 130:21-54  
2. Chou PY, Fasman GD. Prediction of protein 
conformation. Biochem. 1974. 13:222-45  
3. Eisenberg D, Wesson M, and Wilcox W. In Fasman, 
G.D., ed., Prediction of protein structure and the principles 
of protein conformation, pp.: 635-646. Plenum Press, New 
York.  
Acknowledgements: These studies were supported by 
grants of Hungarian Research Fund (K OTKA 61518), 
GVOP (GVOP-3.2.1 - 2004 - 04 -0352/3.0, 3.2.1 - 2004-
04-0005/3.0). 
 
P384. Abstract number: 391 
RGD containing mono- and oligomeric polyprolines as 
large molecular rulers 
A.B Bochen 
TU München Institute for Advanced Study, GARCHING, 
Germany 
Cell adhesion is an essential process in every complex life 
form, but its understanding is also important for medical 
applications. Migrating primary tumor cells forming 
metastases in distinct tissues as well as bone cell 
attachment to implants are two known examples. To date, 
this process is not fully understood yet on a molecular 
level. Cells adhering to a given surface change their 
morphology by forming filapodial extensions and stable 
focal adhesion points at their ends.[1; 2] Within these 
anchoring points a class of proteins, the integrins, are 
responsible for the interaction, surface recognition and 
attachment of the cells.[3] It is unknown how many integrins 
have to cluster to form a stable focal adhesion point.  
The question of geometrical alignment of the integrins in 
focal adhesion points was approached by former studies 
with RGD-modified surfaces and oligomeric RGD 
containing molecules. These molecules feature short, 
flexible spacers based on polyethyleneglycol or 
aminohexanoic acid. Due to the high flexibility of these 
kinds of spacers their absolute length in solution cannot be 
determined. Furthermore, binding moieties might be buried 
within these molecules. Therefore no consistent results 
could be obtained.  
To overcome the problem of undefined spacer lengths the 
polyproline helix was chosen. This spacer forms in 
aqueous surroundings a very rigid helix which can be used 
as a molecular ruler, thereby overcoming the 
disadvantages of the spacers mentioned above. Helices 
between 9 Å and 65 Å have been synthesized. A cyclic 
RGD sequence was ligated by ”click-chemistry”to the ends 
of the mono- and dimeric polyproline helices. The other 
end of the spacer consists of a lysine core which can link 
helices. Additionally, this core can be functionalized to 
attach the whole construct to a surface, e.g. gold. The 
longer scaffolds can cover the distance between two 
integrins (approx. 42 Å) and therefore direct them close to 
each other.  
 [1] B. Geiger, J.P. Spatz, A.D. Bershadsky, Nat. Rev. Mol. 
Cell Biol. 2009, 1, 21-33.  
[2] E.A. Cavalcanti-Adam, T. Volberg, A. Micoulet, H. 
Kessler, B. Geiger, J.P. Spatz, Biophys. J. 2007, 8, 2964-
2974.  
[3] M. Chiquet, L. Gelman, R. Lutz, S. Maier, Biochimica et 
Biophysica Acta (BBA) - Molecular Cell Research 2009, 5, 
911-920. 
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T-cell epitopes in autoimmune bullous skin disorders 
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Autoimmune bullous skin diseases, such as bullosus 
pemphigoid (BP) and pemphigus vulgaris (PV), are severe, 
sometimes life-threatening skin disorders. Serologically 
they are characterized by autoreactive serum antibodies 
directed against different adhesion molecules of the 
epidermis and the dermoepidermal basement zone. The 
antibody binding affects the adhesive function of these 
molecules resulting in detachment of the cells and 
subsequent blister formation.  
In the pathogenesis of both pemphigus and pemphigoid, 
autoreactive T-cell response also plays a crucial role, 
because initiation and perpetuation of B-cell response 
needs the recognition of T-cell epitopes; and also the 
involvement of CD4+ T-lymphocytes in PV has been 
suggested by the strong association with distinct HLA class 
II alleles. In both types of diseases the CD4+ T-cells 
recognize epitopes from the extracellular domain of 
desmoglein 3 or BP180 proteins, and produce both Th1 
and Th2 type cells producing different cytokines (e.g. 
INFγ).  
Based on prediction methods and the literature we have 
selected several potential T-cell epitopes within the BP180 
antigen (collagen XVII). We have synthesized the peptides 
by solid phase peptide synthesis method using Fmoc/tBu 
chemistry. The peptides were HPLC purified, then 
characterized by ESI-MS and amino acid analysis.  
For in vitro functional studies PBMC from healthy donors 
as well as patients with active diseases were stimulated 
with synthetic peptides and T-cell proliferation and IFN-γ 
production were measured.  
These studies were supported by OTKA K61518, GVOP-
3.2.1-2004-04-0005/3.0 and GVOP-3.2.1-2004- 04-
0352/3.0. 
 
P386. Abstract number: 396 
Elucidation of sequence-specific collagen recognition 
mechanisms by anti-angiogenic factor; pigment 
epithelium-derived factor 
A Sekiya1, H Okano-Kosugi2, CM Yamazaki1, T Koide1

1Waseda University, TOKYO, Japan 
2NiIgata University of Pharmacy and Applied Life Sciences, 
NIIGATA, Japan 
Pigment epithelium-derived factor (PEDF) is a collagen-
binding serpin that abundantly distributes in various tissues 
including the eye. It exhibits various biological functions, 
such as anti-angiogenic, neurotrophic, and neuroprotective 
activities. PEDF also interacts with extracellular matrix 
(ECM) components such as collagen, heparan-sulfate 
proteoglycans (HSPG), and hyaluronan. The collagen-
binding property has been elucidated to be important for 
the anti-angiogenic activity in vivo. Here, we investigated 
the collagen-recognition mechanism by PEDF. We first 
narrowed down the candidate PEDF-binding sequences by 
taking advantage of previously reported structural 
requirements in collagen. Subsequent searches for PEDF-
binding sequences employing synthetic collagen-like 
peptides resulted in the identification of one of the critical-
binding sites for PEDF. Further analysis revealed that 
collagen-recognition by PEDF is sequence- and 
conformation-specific, and the high-affinity binding motif in 
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the triple helix. The PEDF-binding sites were significantly 
overlapped with the proposed heparin/HSPG-binding sites 
in collagen. The interaction of PEDF with collagen I was 
specifically competed by heparin, but not by chondroitin 
sulfate-C or hyaluronan. The results suggested a 
mechanism for the anti-angiogenic activity of PEDF 
through modulation of a triangular interaction between 
collagen, HSPG and endothelial cells. To reveal biological 
significance of PEDF-collagen interactions, we examined 
for collagen I-induced endothelial tube formation. In this 
assay, wild-type PEDF and the heparan sulfate-binding-
null mutant inhibited tube formation, but collagen-binding-
null mutant did not. This result indicated PEDF- binding to 
collagen was essential for anti-angiogenic activity. The 
PEDF-binding motif was also found to be overlapped with 
covalent cross-linking sites between collagen molecules. 
This implied the tissue capacity for PEDF, and hence its 
biological activities might be altered by the molecular aging 
of collagen. 
 
P387. Abstract number: 399 
Molecular recognition of family 18 chitinases by helix-
loop-helix polypeptides 
XS Sun1, K Fromell1, T Norberg1, M Karlsson2, J Stenlid2, L 
Baltzer1

1Uppsala university, UPPSALA, Sweden 
2Swedish University of Agricultural Sciences, UPPSALA, 
Sweden 
Family 18 chitinases are enzymes that hydrolyze the 
glycosidic bonds of chitin, a β-(1,4)-linked homopolymer of 
N-acetylglucosamine, and they play an essential role in 
many pathogenic organisms.1 Therefore, family 18 
chitinases have been considered as potential 
chemotherapeutic targets for the design of drugs against 
asthma, malaria and fungal diseases.2,3 So far, several 
chitinase inhibitors including synthetic xanthine derivatives 
and naturally occurring allosamidin, argifin and argadin 
have been studied and the structures of their complexes 
with chitinase have been elucidated.4,5,6 These molecules 
are all binding to the active site of chitinase. However, few 
synthetic molecules that bind to the protein surface outside 
of the active site have been studied.7,8 Here, we report 42-
residue polypeptides that bind to family 18 chitinases in a 
unique manner. These polypeptides are potential 
components in diagnostics and biosensors targeting 
chitinases.  
1) Henrissat, B. Biochem. J. 1991, 280, 309.  
2) Zhu. Z., et al., Science 2004, 304, 1678.  
3) Vinetz, J. M., et al. Proc. Natl. Acad. Sci. USA 1999, 96, 
14061.  
4) Schuttelkopf, A. W. et al., J. Biol. Chem. 2006, 281, 
27278.  
5) Van Aalten, D. M. F. et al., Proc. Natl. Acad. Sci. USA 
2001, 98, 8979.  
6) Houston, D. R. et al., Proc. Natl. Acad. Sci. USA 2002, 
99, 9127.  
7) Wells, J.A.; McClendon, C. L., Nature 2007, 450, 1001.  
8) Baltzer, L. Top. Curr. Chem. 2007, 277, 89.  
 
P388. Abstract number: 401 
The Transcriptional Activator PhoB: Chemical 
Synthesis of Epitopes and Functional Studies  
MR Ritzefeld, K Wollschläger, N Sewald 
Bielefeld University, Organic and Bioorganic Chemistry, 
BIELEFELD, Germany 
DNA-protein interactions are a key element in the 
regulation of cellular processes. Transcription factors are 
able to recognize their cognate DNA sequences and 
regulate the expression of proteins. As a model system, 

the specific DNA binding of the transcription factor PhoB 
from E. coli is investigated in single molecule experiments 
on peptide and on protein level.  
Structurally, PhoB belongs to the family of winged helix-
turn-helix proteins. It is composed of a transactivation 
domain (amino acids 1-127) and a DNA binding domain 
(amino acids 123-229). After phosphorylation of the 
transactivation domain, the protein binds to specific DNA 
sequences containing a TGTCA consensus sequence and 
an AT-rich minor groove.[1]  
Different epitopes representing parts of the DNA binding 
domain of PhoB (PhoBDBD) were chemically synthesized 
using microwave assisted solid phase peptide synthesis. 
The binding contributions of these molecules were 
compared to the complete DNA binding domain (127-229). 
This protein was purified using intein mediated protein 
splicing.  
The protein/DNA or peptide/DNA interaction was 
determined using different methods like surface plasmon 
resonance. Structural investigations of peptides, proteins 
and DNA/protein complexes were performed using circular 
dichroism measurements.[2]  
In order to investigate the binding mechanism of PhoBDBD 
the specific recognition of different oligonucleotides based 
on the sequence of the pstS-regulon was analyzed. 
Surface plasmon resonance results indicate, that pho-
regulons varying in the AT-rich minor groove sequence 
exhibit different affinities concerning the transcription 
factor. These findings reveal that both sections, the major 
and the minor groove sequence, are essential for the 
binding process.  
This project was supported by DFG (SFB 613).  
[1] K. Makino, M. Amemura, T. Kawamoto, S. 
Kimura, H. Shinagawa, A. Nakata, M. Suzuki, J. Mol. Biol. 
1996, 259, 15-26.  
[2] K. Wollschläger, K. Gaus, A. Körnig, R. Eckel, S. 
D. Wilking, M. McIntosh, Z. Majer, A. Becker, R. Ros, D. 
Anselmetti, N. Sewald, Small 2008, 5, 484-495.  
 
P389. Abstract number: 427 
Assay of Histone Methyltransferases using Peptidyl-
MCA as Substrate. 
N. Nishino1, T Nsiama1, H Chi1, Y Takemoto2, A Ito2, M 
Yoshida2

1Kyushu Institute of Technology, KITAKYUSHU, Japan 
2RIKEN, WAKO, Japan 
Histone methyltransferases (HMTs) play an important role 
in controlling gene expression through site-specific 
methylation of lysines in core and linker histones within 
chromatin. Histone lysine methylation can either activate or 
repress transcription, depending on the residue modified 
and the degree of methylation of its ε-amino group. As the 
typical HTMs, G9a and Set9 have been intensely studied 
so far. G9a is specific to the methylation of H3K9 and 
H3K27 and repress transcription, while Set9 methylates at 
H3K4 and others. In order to establish high through put 
and specific assay systems for these HTMs, we utilized the 
poor susceptibility of K(Me)n toward tryptic hydrolysis. 
Namely, we prepared various Ac-peptidyl-MCA (7-amino- 
4-coumarinamide) related to histone tail peptide including 
Ac-ARTK-MCA, Ac-QTARK-MCA, Ac-KAARK-MCA, and 
Ac-ARTKQTARK-MCA. In addition, several peptide 
sequences from methylation proteins are applied to the 
substrates, such as Ac-LKSK-MCA and Ac-KRSK-MCA, 
sequences from p53 and estrogen receptor-alfa, 
respectively. The most sensitive and specific substrates to 
G9a and Set9 are Ac-ARTKQTARK-MCA and Ac-KRSK-
MCA, respectively. As conclusion, these fluorogenic 
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peptides are the most convenient substrates for screening 
HMT inhibitors. 
 
P390. Abstract number: 432 
Interactions of the transcription factor PhoB from E. 
coli with DNA 
G. Niemann, K Wollschläger, N Sewald 
Department of Organic Chemistry, BIELEFELD, Germany 
Specific molecular recognition between DNA and proteins 
is essential for the regulation of fundamental biological 
processes, including DNA replication, repair and 
transcription. The purpose of this study is to enhance the 
understanding of the interaction between DNA and DNA 
binding proteins. The DNA binding domain (DBD) of the 
transcription factor PhoB from E. coli was investigated as a 
model system. Physiologically, PhoB serves as a regulator 
of phosphate metabolism[1]. Upon activation and 
dimerization, the PhoB DBD binds to its cognate TGTCA 
sequence located within specific Pho-Box DNA motifs.  
The entire DBD of PhoB was generated by recombinant 
expression in E. coli and intein-mediated protein 
purification[2]. Different point mutants were generated, in 
which selected amino acids that were supposed to be 
involved in DNA binding were replaced by alanine 
residues, including valine 197, histidine 198 and arginine 
203. The selection of these specific amino acid residues 
was based on the previously published X-ray crystal 
structure of the DNA:protein complex[3].  
The consequences of DNA:protein complex formation were 
investigated by circular dichromism (CD) spectroscopy. 
Structural changes of DNA upon binding of the PhoB (wild 
type) and several mutants (V197A, H198A and A02C) 
were observed, while mutant R203A did not induce 
structural change of the DNA upon binding.  
Using surface plasmon resonance measurements (SPR), 
the formation of DNA:protein complexes was investigated. 
Based on DNA molecules with two binding sites, the 
binding properties of the DBD PhoB towards DNA were 
analyzed and suggest a negative cooperativity of binding. 
The equilibrium response values at different protein 
concentrations and the equilibrium dissociation constants 
were determined and compared for the different mutants. 
In the case of the mutant PhoB V197A, the binding affinity 
was comparable to wild type PhoB. Mutant PhoB H198A 
displayed an increased DNA affinity, while PhoB R203A 
did not bind to DNA in any of the experiments performed[4].  
The data resulting from these studies provide insight into 
the molecular recognition of specific DNA sequences by 
proteins and their binding mechanisms. 
 
P391. Abstract number: 433 
Peptides stimulating prostate-specific antigen (PSA) 
enhance the activity of PSA towards protein 
substrates 
J.M. Mattsson1, A Närvänen2, UH Stenman1, H Koistinen1

1University of Helsinki, Department of Clinical Chemistry, 
UNIVERSITY OF HELSINKI, Finland 
2Department of Biosciences, University of Eastern Finland, 
KUOPIO, Finland 
Prostate-specific antigen (PSA) is a serine protease 
expressed in prostate and secreted into seminal fluid. In 
prostate cancer PSA is leaking from the malignant tissue 
into serum making PSA a useful biomarker for cancer 
diagnosis. The slow growth of prostate cancer is potentially 
dependent on high PSA-levels around the tumor, since 
PSA has been shown to exert anti-angiogenic activity. 
Therefore, it may be possible to control prostate cancer 
growth by modulating the proteolytic activity of PSA. We 
have developed peptides that stimulate the enzymatic 

activity of PSA towards a small chromogenic peptide 
substrate. Here, we have characterized the effect of these 
peptides on the activity of PSA towards protein substrates.  
We have identified by phage display a 12-amino acid long 
cyclic peptide (B2) and a 13-amino acid long double cyclic 
peptide (C4). The effect of these peptides on PSA activity 
towards peptide substrates and proteins, such as IGFBP-3 
and fibronectin, was studied using colorimetric and 
fluorometric assays, and SDS-PAGE followed by silver 
staining.  
Peptides greatly enhanced the activity of PSA towards the 
peptide substrates, C4-peptide being more active. Peptides 
also enhanced the activity of PSA towards protein 
substrates, but their relative efficiency was different from 
that with peptide substrates. These results suggest that the 
peptides would be useful in stimulating the activity of PSA 
towards physiological substrates and, therefore, they could 
be useful lead molecules for drug development. 
 
P392. Abstract number: 434 
Molecular modeling, design and structural studies of a 
new class of peptide inhibitors of bacterial 
topoisomerases 
R Marchetto, S Santesso Garrido, D Barbosa Delfino, A 
Garcia, LC Bertucci Barbosa 
UNESP - Institute of Chemistry, ARARAQUARA, Brazil 
The bacterial toxin-antitoxin (TA) systems contribute to 
plasmid stability by a mechanism that relies on the 
differential stabilities of the toxin and antitoxin proteins and 
leads to the killing of daughter cells that did not receive a 
plasmid copy at the cell division. In the last years we have 
considered these systems as models for the design of 
peptide inhibitors of bacterial topoisomerases. Bacterial 
protein ParE is an example. ParE is the toxic component of 
a TA system whose three-dimensional structure is not yet 
available and only rare in vitro studies have been 
demonstrated that the target of toxin activity is E. coli DNA 
gyrase. So, firstly we built a 3D Model for E. coli ParE toxin 
by comparative modeling using MODELLER program. The 
validate Model showed a similar architecture for the 
general structure of the RelE superfamily and structural 
similarity search employing DALI server showed RelE and 
YoeB families as the best matches. Structural prediction 
from ParE primary structure using PSIPRED server 
showed the β-α-α-β-β-β-α sequence as secondary 
structure, as inferred in the proposed 3D Model. As an 
approach for structure-function studies and based on 
proposed Model, we have designed and synthesized by 
solid-phase methodology a series of linear peptides and its 
activity studied by supercoiling and relaxation assays. For 
the design, initially we considered the 25 residues C-
terminal region, indicated as the functional region of the 
toxin and that contain the predicted β-sheet and α-helix 
structures. Six fragments of the natural ParE were obtained 
and the predicted C-terminal secondary structures 
confirmed by FTIR studies. In standard supercoiling and 
relaxation assays at 37°C and 200 M of synthetic 
peptides, EcParE1 (L93-R100) and EcParE2 (F87-R100) 
peptides did not inhibit the DNA gyrase and Topo IV 
activities. EcParE4 (L93-S105) and EcParE6 (P80-S105) 
peptides showed only partial inhibition for both enzymes. 
On the other hand, EcParE3 (P80-R100) and EcParE5 
(F87-S105) peptides, were able to inhibit completely the 
DNA gyrase activity and ATP dependent relaxation 
reaction of Topo IV with a concentration required for 
complete inhibition (IC100) value of 20 and 50 M, 
respectively. Our findings revealed a new class of peptide 
inhibitors of bacterial topoisomerases and suggest that 
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DNA gyrase as well as Topo IV may be effective targets of 
the natural ParE toxin.  
Supported by CNPq 
 
P393. Abstract number: 435 
Structural aspects and biological evaluation of new 
mannose derived immunomodulating 
admantyltripeptides 
R. R. Ribic1, L Habjanec2, S Tomic1, B Vranešic2, R 
Frkanec2

1Faculty of Science, ZAGREB, Croatia 
2Institute of Immunology, ZAGREB, Croatia 
The aim of this study was to synthesize, characterize and 
investigate the influence of mannose derived 
adamantyltripeptides on humoral immune reaction in mice. 
The adamantyltripeptides are chemically characterized 
compounds and in our previous investigations we have 
demonstrated their different biological activity, especially 
adjuvanticity. Also, it is well known that glycosylation 
affects several cell functions such as proliferation and 
differentiation and also the immune response in mammals. 
It is well documented that mannose receptors are present 
on the cell surface of macrophages and other 
immunocompetent cells.  
D-Mannose was coupled to D/L-(adamant-1-yl)Gly-L-Ala-
D-isoGln (Ad1TP1 and Ad1TP2) and D/L-(adamant-2-
yl)Gly-L-Ala-D-isoGln (Ad2TP1 and Ad2TP2) via chiral 
linker (HOCH2CH(CH3)COOCH3), and the resulted several 
diastereoisomers obtained were characterized by NMR 
and their purity was tested by HPLC. All the examined 
compounds are water-soluble, non-toxic and non-
pyrogenic substances. Their adjuvant effect was tested on 
CBA mice with ovalbumin as a model antigen. The results 
revealed that the adjuvant activity of examined compounds 
was changed in comparison to the parent 
adamantyltripeptide molecules. The statistically significant 
difference in induction of total specific IgG antibodies was 
found for the D-(adamant-1-yl)Gly-L-Ala-D-isoGln and D-
Man-OCH2CH(CH3)CO-D-(adamant-1-yl)Gly-L-Ala-D-
isoGln, respectively, when the chiral carbon atom in the 
linker molecule had the R- absolute configuration. Also, the 
significant difference was observed between two examined 
molecules of mannose-adamantyltripeptides regarding the 
R- and S- absolute configuration on chiral carbon atom in 
the linker molecule. The analyses of specific IgG 
subclasses IgG1 and IgG2a revealed the influence of 
mannose derived adamantyltripeptides on Th1 and Th2 
type of immune reaction. OVA given without adjuvants 
induced IgG1 predominantly, reflecting the induction of Th2 
immune response. The effects of examined compounds on 
IgG1 induction were basically the same as those observed 
for total specific IgG. Regarding IgG2a, the significant 
difference was again found between mannose-
adamantyltripeptides coupled by R- and S- linker, 
respectively. From all examined compounds only 
mannose-Ad1TP2 with S- linker had significant impact on 
switching the immune response towards more pronounced 
Th2 response specific for OVA. However, the immune 
response to each compound will be discussed in detail. 
 
P394. Abstract number: 436 
N/Ofq(1-13)Nh2 Analogues With Aminophosphonate 
Moiety: Synthesis And Analgesic Activity 
D. Naydenova1, P Todorov1, N Pavlov1, E Dzhambazova2, 
A Bocheva2

1University of Chemical Technology and Metallurgy, 
SOFIA, Bulgaria 
2Medical University, Department of Pathophysiology, 
SOFIA, Bulgaria 

Nociceptin/orphanin FQ is a neuropeptide 
(heptadecapeptide: Phe-Gly-Gly-Phe-Thr-Gly-Ala-Arg-Lys-
Ser-Ala-Arg-Lys-Leu-Ala-Asn-Gln) that selectively interacts 
with the opioid-like receptor (ORL1 or NOP), a novel 
member of the opioid receptor family. It has been reported 
that the nociceptin-NOP system modulates several 
biological functions, including pain transmission, stress and 
anxiety, learning and memory, locomotor activity, food 
intake. N/OFQ(1-13)NH2 is the minimal sequence 
maintaining the same activity as the natural peptide 
nociceptin. Structure-activity studies demonstrated that N- 
and C-terminal modifications of nociceptin/orphanin FQ 
generate highly potent NOP receptor ligands.  
Pain is frequently observed symptom of various diseases. 
Some of the greatest achievements in medicine in 
theoretical and in clinical aspect are connected with the 
research on pain and especially on the development of 
analgesic drugs. α-Aminophosphonic acids and 
aminophosphonates have reached a position of eminence 
in the research works intending to discover, to understand 
and to modify physiological processes in the living 
organisms. They are also a potential source of medicinal 
lead compounds.  
Aiming to develop ligands for the NOP that possess 
stronger analgesic activity, new series of N-modified 
analogues of the N/OFQ(1-13)NH2 with 
aminophosphonate moiety were prepared and tested for 
the nociceptive effects. The new analogues have been 
synthesized including cyclic α-aminophosphonates at 
position 1, using SPPS by Fmoc (9-
fluorenylmethoxycarbonyl) chemistry. Analgesic activity 
was examined by two nociceptive tests - paw-pressure 
(PP) and hot-plate (HP). All compounds were injected 
intraperitoneally in male Wistar rats at a dose of 10 µg/kg. 
The obtained results showed that some of the newly 
synthesized analogues significantly increased the pain 
threshold in PP and prolonged HP latency. Thus 
modification of N/OFQ peptide with cyclic 
aminophosphonate moiety may be useful for developing of 
new analgesic drugs.  
The research was supported by Grant '-845 (DTK 02/61) of 
the National Research Fund, Sofia, Bulgaria. 
 
P395. Abstract number: 437 
Structural basis of cyclic non-phosphorylated peptide 
interactions with Grb7 SH2 domain implicated in 
cancer. 
JA Wilce1, N Ambaye1, M Gunzburg1, MY Yap1, D 
Clayton1, M DelBorgo1, P Perlmutter1, MI Aguilar1, D Krag2, 
S Pero2, M Wilce1

1Monash University, MELBOURNE, Australia 
2University of Vermont, BURLINGTON, United States of 
America 
Grb7 is an adapter protein, aberrantly overexpressed in 
several cancer cell types, that mediates the coupling of 
tyrosine kinases with their downstream signalling 
pathways. It does this via its SH2 domain that recognises 
upstream partners at specific phosphotyrosine residues. 
The current study aims to develop potent and specific cell 
permeable peptide inhibitors to the Grb7 SH2 domain. 
These will permit the role of Grb7 in tumour progression to 
be assessed and may provide proof of concept for future 
therapeutics.  
Here we report structural and biophysical studies of non-
phosphorylated cyclic peptides that have been identified as 
specific for Grb7 SH2 using phage display (Pero et al., 
2002). The lead peptide (G7-18NATE) has already been 
shown to be biologically active - inhibiting cellular 
proliferation in several breast cancer cell lines that 
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overexpress Grb7 (Pero et al., 2007), blocking the 
interaction between Grb7 and FAK and attenuating the 
migration of pancreatic cancer cells (Tanaka et al., 2006). 
We have solved the 3D structure of the G7-18NATE/Grb7-
SH2 complex - allowing us to identify the key features of 
the interaction. Interestingly, these features are also 
reflected in the other peptide sequences selected by phage 
display methods. Characterisation by isothermal titration 
calorimetry and surface plasmon resonance (SPR) 
techniques are being used to assess second generation 
peptide affinity and selectivity. Together these studies will 
facilitate the optimization of inhibitor peptides targeted to 
Grb7.  
Pero et al., (2002) J Biol Chem 277, 11918-11926.  
Pero et al., (2007) British Journal of Cancer 96, 1520-1525.  
Tanaka et al., (2006) J Natl Cancer Inst 98, 491-498.  
 
P396. Abstract number: 448 
Fluorescent and luminescent fusion proteins for 
detection of amyloid beta peptide localization and 
aggregation 
K Usui1, M Mie2, T Andou2, N Sugimoto1, H Mihara2, E 
Kobatake2

1Konan University, KOBE, Japan 
2Tokyo Institute of Technology, YOKOHAMA, Japan 
It is recently suggested that aggregation and accumulation 
of amyloid bata peptide (Abeta) linked to age-associated 
deficiencies in protein homeostasis cause Alzheimer’s 
disease (AD) [1], which is one of the most common 
amyloid diseases. However, how Abeta can aggregate in 
vivo and how Abeta aggregates affect the disease 
development are still questions to be solved. Thus 
understanding the behaviors of Abeta in vivo, such as 
where Abeta accumulate and what structure (monomers, 
oligomers or fibrils) Abeta adopts at each localized point in 
internal and external cells, is promising clue to these 
questions. From this point of view, construction of 
molecules that can bind to Abeta and can provide some 
output signals depending on Abeta structural states would 
be indispensable. In this study, fluorescent and 
luminescent fusion proteins were designed to analyze 
Abeta localization and aggregation in internal and external 
cells. The fusion proteins were composed of Abeta 
sequence, and fluorescent and luminescent proteins 
(EYFP; Enhanced Yellow Fluorescent Protein, and hRluc; 
humanized Renilla luciferase) at both termini of the Abeta 
sequence. The Abeta sequences in the fusion proteins 
were employed to provide some affinities and co-
aggregations with Abeta. Fusion of EYFP and hRluc with 
the Abeta sequence was applied to allow detecting Abeta 
localization and monitoring structural changes. First of all, 
expression vectors for the fusion proteins were constructed 
and transfected into HeLa cells. Using the protein-
overexpressed HeLa cell lysate, fluorescent and 
luminescent changes during incubation with Abeta were 
monitored. Additionally, intra- or extracellular localization of 
aggregated Abeta was analyzed using the protein. 
Throughout these experiments, we have shown the 
development of the detection system with hRluc 
luminescence giving Abeta conformational information and 
with EYFP fluorescence providing Abeta localization 
information. With more improvements of binding specificity 
and detection sensitivity to the Abeta, this system would be 
one of the powerful tools for diagnosis and study of 
amyloidogenic protein behaviors.  
[1] Usui. K., Hulleman, J. D., Paulsson, J. F., Siegel, S. J., 
Powers, E. T., and Kelly, J. W. (2009) Proc. Natl. Acad. 
Sci. U. S. A., 106, 18563-15868. 
 

P397. Abstract number: 454 
Phakellistatins: are they true active natural products? 
Marta Pelay-Gimeno1, J Tulla-Puche1, AM Francesch2, C 
Cuevas2, F Albericio1

1Institute for Research in Biomedicine (IRB Barcelona), 
BARCELONA, Spain 
2Pharma Mar S.A., MADRID, Spain 
Modern pharmaceutical discovery programmes owe much 
to natural products. These compounds have long been a 
traditional and prolific source of drug molecules that 
interact with a wide range of biological targets. In addition 
to the critical issue of structure elucidation, after isolation 
and biological evaluation, key steps are the design and 
execution of total synthesis, thus allowing confirmation of 
the proposed structure and the preparation of libraries of 
analogues. The present experimental work, focused on 
Phakellistatins, addresses these issues.  
Phakellistatins are members of a family of proline-rich 
cyclic peptides isolated from marine sponges of the genus 
Phakellia that show biological activity when isolated from 
the natural extracts. Unexpectedly, when biological assays 
are performed with the corresponding synthetic molecules, 
no activity is detected. Here we present a new member of 
the phakellistatin family that has shown significant cell 
growth inhibitory activity against a mini-panel of three 
cancer cell lines and also mitosis inhibitory activity with an 
IC50 in the high nanomolar range. We describe the 
synthesis, structure elucidation and biological evaluation of 
this new compound, as well as different attempts to explain 
its unexpected biological behaviour.  
 
P398. Abstract number: 478 
The 'Chemical Reverse Approach' to identify 
autoantibodies in Systemic Lupus Erithematosus 
patients. 
P. Fantini1, MC Alcaro1, I Paolini1, F Barbetti1, D Valoriani1, 
AM Papini2, F Lolli3, P Rovero4, F Pratesi5, P Migliorini5
1Toscana Biomarkers S.R.L., SIENA, Italy 
2Department of Chemistry Ugo Schiff, University of 
Florence, FLORENCE, Italy 
3Department of Neurological Sciences, University of 
Florence, FLORENCE, Italy 
4Department of Pharmaceutical Sciences, University of 
Florence, FLORENCE, Italy 
5Department of Internal Medicine, University of Pisa, PISA, 
Italy 
 We previously reported the use of an innovative ‘Chemical 
Reverse Approach’, based on aberrantly modified 
peptides, for the detection of autoantibodies as specific 
biomarkers in sera of patients affected by autoimmune 
diseases [1,2]. We successfully applied this strategy to the 
identification of autoantibodies in different autoimmune 
diseases, i.e. multiple sclerosis [3] and rheumatoid arthritis 
[4].  
Systemic lupus erythematosus (SLE) is an autoimmune 
disease characterized by the production of different 
autoantibodies directed against a wide spectrum of 
nuclear, cytoplasmic, and cell membrane autoantigens. 
Among these, antibodies against ribosomal proteins are 
detected in 10-20% of patients affected by SLE. It is 
accepted that their targets are three acidic protein 
components of the 60S ribosomal subunit, termed P0, P1, 
and P2. Previous studies demonstrated that the main 
antigenic determinant is located in the highly conserved C-
terminal region. In particular the last 22 amino acids of the 
ribosomal protein eL12 of Artemia Salina [5]. A multiple 
antigenic peptide (MAP) bearing the last 13 C-terminal 
amino acids have been used to detect specific 
autoantibodies in SLE patients’ sera [6].  
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Herein, we report a complete epitope mapping of human 
P0, P1, and P2 to possibly identify neo-epitopes. The 
ability of these peptides to detect anti-P ribosomal protein 
autoantibodies in serum and to discriminate between sub-
populations of SLE patients and healthy blood donors was 
investigated by ELISA. Peptides recognizing antibodies in 
more than 15% of SLE patients’ sera were then selected 
and developed as MAPs. In total, 25 SLE patients’ sera 
and 68 healthy blood donors sera were tested by ELISA 
using 25 peptides as putative epitopes. Three peptide 
fragments recognized autoantibodies in more than 15% of 
SLE sera, including a limited number of sera not reacting 
with the C-terminal region.  
[1] A.M. Papini. J. Pept. Sci. 2009, 15, 621-628.  
[2] M.C. Alcaro, I. Paolini, F. Lolli, P. Migliorini, P. Rovero, 
A.M. Papini. Chemistry Today 2009, 27(2), 11-14.  
[3] F. Lolli et al., Proc. Nat. Acad. Sci. USA 2005, 102, 
10273.  
[4] F. Pratesi et al., Arthritis Rheum. 2006; 54, 733.  
[5] K. Elkon el al., Proc. Nat. Acad. Sci. USA 1986, 83, 
7419.  
[6] L. Caponi et al., J. Immunol. Methods 1995, 179, 193. 
 
P399. Abstract number: 480 
Celiac disease: characterization of linear autoantigenic 
epitopes 
MDP Di Pisa1, G Sabatino1, M Chelli1, P Rovero1, C 
Tiberti2, AM Papini1
1Laboratory of Peptide & Protein Chemistry & Biology, 
Università di Firenze, SESTO FIORENTINO, Italy 
2Department of Clinical Sciences, Sapienza University of, 
ROME, Italy 
Celiac Disease (CD) is an autoimmune disease 
characterized by villous atrophy and inflammatory cell 
infiltration of the lamina propria caused by the gliadin 
fraction of wheat gluten and similar alcohol soluble proteins 
(prolamines). The endomysial protein tissutal 
Transglutaminase (tTG) is the main autoantigen in CD 
playing a key role in the pathogenesis.1 tTG catalyzes 
deamidation of Gln residues or protein cross linking 
through the formation of isopeptide bonds between Gln 
and Lys residues in gliadin peptides that are rich in proline 
and glutamine and thus very resistant to proteolysis.  
Sera from patients with CD at first diagnosis were 
demonstrated to have high levels of auto-antibodies 
recognising distinct functional domains of tTG. The major 
tTG epitopes are located in N- and C-terminal domains. 
Tiberti et al.2 showed that there is an evidence of a specific 
epitope loss of anti-transglutaminase immunoreactivity in 
gluten free diet celiac sera, which is supposed to be only 
against protein N-terminal portion. Aim of our study is to 
characterize linear autoantigenic epitopes by testing in 
celiac patients’ sera the reactivity of different overlappinng 
synthetic peptide fragments of tTG [aa(1-230)]. The 
pentadecapeptides were tested with RIA, ELISA and SPR 
to evaluate the IgA response against tTG in gluten free diet 
celiac patients sera.  
1Dieterich et al. Nat. Med. 1997, 3, 725-726;  
2C. Tiberti et al. Clinical Immunology 2006, 121,40-46. 
 
P400. Abstract number: 505 
Celiac disease: characterization of amino acids/short 
peptides finger print for a fast I.V.D.  
GS Sabatino1, M Di Pisa1, M Chelli1, P Rovero1, C Tiberti2, 
AM Papini1
1Laboratory of Peptide & Protein Chemistry & Biology, 
Università di Firenze, SESTO FIORENTINO (FI), Italy 
2Department of Clinical Sciences, Sapienza University of 
Rome, ROME, Italy 

Celiac Disease (CD) is an enteropathy characterized by 
villous atrophy and inflammatory cell infiltration of the 
lamina propria caused by the gliadin fraction of wheat 
gluten and similar alcohol soluble proteins (prolamines). 
The disease is characterized by the presence of specific 
antibodies recognizing gliadin, food proteins, and the 
endomysial autoantigen Tissutal Transglutaminase (tTG). 
CD is classically characterized by gastrointestinal 
symptoms, atypical forms (dermatitis, iron deficiency 
anaemia osteoporosis and many others). As gliadins are 
proteins rich in proline and glutamine they are very 
resistant to proteolysis and fragmentation in peptides.1  
Amino acids and short peptides are important targets for 
metabolic profiling and for defining a finger print typical of a 
disease condition.2 In order to achieve a better 
understanding of this multifactorial disease we are 
evaluating the free amino acids/peptides profile in serum of 
newly diagnosed celiac patients compared to healthy 
subjects by a quantitative AccQ-Tag Ultra UPLC analysis 
(Waters). Protocol analysis is rather fast and includes a 
precolumn derivatization, which converts both primary and 
secondary amino acids into exceptionally stable, 
fluorescent derivatives as suitable analytes for UV-
absorbance, fluorescence, electrochemical, and MS 
detection. Celiac patients’ sera, previously treated with 
sulfosaliclic acid to induce protein precipitation, were 
derivatized with a standard solution of 6-aminoquinolyl-N-
hydroxysuccinimidyl carbamate (AQC reagent).  
The fast ULPC analysis provides an improvement in 
resolution compared to conventional HPLC analysis. 
Baseline separation of all proteinogenic amino acids and 
short peptides is achieved in less than 10 min.  
Applying a statistical analysis to the UPLC-data we found 
12 residues (from a total of 43 amino acids/peptides 
investigated) showing remarkable differences between 
healthy and celiac population. Moreover, we compared 
celiac patients before and after gluten free diet.  
1Dieterich et al. Natural Medicine. 1997, 3, 725-726;  
2S.V. Suresh Babu et al. Indian Journal of Clinical 
Biochemistry, 2002, 17 (2) 7-26. 
 
P401. Abstract number: 509 
Toward validation of SIMPs as candidates for cancer 
therapy. 
G Citro1, G Blandino1, S Strano1, S D’Agostino1, G 
Cortese1, R De Rosa2, M Sanseverino3, P Lucietto3

1Molecular Medicine Area - Cancer Institute Regina Elena, 
ROME, Italy 
2Primm Srl, NAPOLI, Italy 
3Inbios Srl, NAPOLI, Italy 
p53 has been studied intensively as a single protein and 
more recently as the primary member of a family of 
transcription factors whose main activities, such as growth 
arrest, apoptosis, senescence and differentiation, are 
closely related to tumor suppression.  
Protein complexes involving mutant p53 and p73 are 
readily detectable in tumor cells1.  
A pool of peptides, (SIMPs = short interfering mutant p53 
peptides) designed by analyzing the sequence of the DNA 
binding domain of human p73, has been previously shown 
to effectively disrupt the protein complex mutant p53/p732.  
SIMPs activity is specific for mutant p53 and causes no 
effects on wt-p53 and p53 null cells.  
SIMPs action leads to restoration of p73 transcriptional 
effects that in turns increase the response of tumor cells to 
anticancer drugs.  
Thus, short synthetic peptides can be very instrumental in 
both the identification of an oncogenic protein complex and 
the understanding of its pro-tumorogenic effects.  
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As a contribution in the search for further evidence 
validating SIMPs as candidates for cancer therapy, here 
we present preliminary data on the immune response to 
selected peptides of the pool.  
The raised antibodies might become a valuable tool for  
- SIMPs pharmacokinetic parameters definition in vivo  
- SIMPs immuno-detection in tissues  
- SIMPs immuno-detection at the site of the targeted tumor  
1. Bell HS and Thorsten S. Cell Cycle 2008, 7: 1726-31.  
2. Di Agostino S. et al. Cell Cycle 2008, 7: 3440-47 
 
P402. Abstract number: 510 
Search for inhibitors or activators of human 
proteasome 
RR Rostankowski1, E Jankowska1, M Gaczynska2, P 
Osmulski2, S Madabhushi2, M Orlikowska1, F 
Kasprzykowski1
1University of Gdansk, GDANSK, Poland 
2University of Texas Health Science Center, SAN 
ANTONIO, United States of America 
Cell metabolism is strictly depended on number and 
activity of many different proteins, which are regulated by 
transcription, translation and post-translative modification, 
as well as their irreversible proteolysis effectivity. One of 
the degradation systems, present in eukaryotic cells, is 
ATP-depended ubiquitin-proteasome pathway [1]. 
Proteasome is multicatalytic protein complex responsible 
for intracellular protein degradation. The process start 
when the chain containing several ubiquitin residues is 
bonded to the protein. The poliubiquitin-protein complex is 
transported to proteasome interior, where it is 
proteolytically degraded [2]. Proteasome activity has major 
role in homeostasis of the whole organism. Disturbance of 
regular functioning of proteasome is observed in many 
diseases, for example neurodegenerative illnesses such as 
Parkinson, Alzheimer or Huntington [3]. Increase of 
proteasome activity is also observed in case of 
immunological and pulmonary illnesses like mucoviscidosis 
[4].  
Due to its function nowadays researchers of the world try 
to find new regulators of proteasome activity. Peptides, 
which we have synthesised, are based on the sequences 
of 11S, PA26, PR39 and HIV-1 Tat proteins, which are the 
natural proteasome inhibitors [2]. Designed molecules 
contains the active loop or binding fragment of the 
mentioned proteins. Biological studies shows that the 
inhibitory activity of these peptides is not very high. In order 
to increase biological activity we are searching for 
compounds with less flexible conformation.  
[1] Juryszyn A., Skotnicki A., Adv. Clin. Exp. Med., 15, 309-
320, 2006.  
[2] Rechsteiner M., Realini C., Ulster V., Biochem, J., 345, 
1-15, 2000.  
[3] Ciechanover A., Iwai K., IUBMB Life, 56, 193-201, 
2004.  
[4] Debirage R., Price R., Am. J. Physiol. Renal Physiol., 
285, F1-8, 2003  
Acknowledgement: this work was supported by grant 
DS/84409-4-0172-9 
 
P403. Abstract number: 513 
A surface-plasmon resonance-based label-free in vitro 
serodiagnostic technology for multiple sclerosis 
F Real-Fernàndez1, I Passalacqua1, E Peroni2, F Lolli3, P 
Rovero4, AM Papini1
1Laboratory of Peptide & Protein Chemistry & Biology - 
University of Florence, SESTO FIORENTINO (FI), Italy 
2Laboratore SOSCO-EA4505 University of Cergy-
Pontoise, CERGY-PONTOISE CEDEX, France 

3Department of Neurological Sciences & Azienda 
Ospedaliera Careggi, FIRENZE, Italy 
4Department of Pharmaceutical Sciences, University of 
Florence, SESTO FIORENTINO, Italy 
Multiple Sclerosis (MS) is the most common cause of 
neurological disability in young adults. The Laboratory of 
Peptide & Protein Chemistry & Biology has been involved 
for a decade in characterizing an antibody-mediated 
disease pattern of Multiple Sclerosis. We previously 
demonstrated that the glycopeptide CSF114(Glc), 
containing a β-D-glucopyranosyl moiety linked to an Asn 
residue on the tip of a β-hairpin structure, is able to detect 
specific autoantibodies circulating in blood by Solid-Phase 
Enzyme Linked Immunosorbent Assay (SP-ELISA) on MS 
patients’ sera. CSF114(Glc) has been selected as specific 
MS antigenic probe because of its specific and high affinity 
binding properties to autoantibodies [1,2].  
Innovative nanotechnology techniques have been 
evaluated to set up more reliable and highthroughput 
diagnostic/prognostic immuno-assays, based on a 
CSF114(Glc)-modified sensor. In previous studies we 
described the possibility to apply an optical, real-time, 
label-free, immunosensor, based on CSF114(Glc), for the 
detection of autoantibodies in MS patients’ sera. The 
immunosensor viability was studied with anti-CSF114(Glc) 
antibodies isolated from MS patients’ sera. [3]  
We present herein the optimization and development of the 
CSF114(Glc)-based immunosensor for surface plasmon 
resonance analysis, which is able to distinguish MS 
patients from normal blood donors. In particular, a large 
validation study on a statistically significant number of MS 
compared to normal blood donors’ samples confirms these 
promising results. In conclusion this technology may offer 
interesting future applications in the development of an in 
vitro diagnostic device for MS to follow up disease activity 
and efficacy of therapeutic treatments.  
[1] Lolli, F. et al. P.N.A.S. (2005) 102, 10273;  
[2] (a) Lolli, F. et al. J. Neuroimmunol (2005) 167, 131; (b) 
Papini, A.M. Nat. Med. (2005) 11, 13; (c) Carotenuto, A. et 
al. J. Med. Chem. (2006) 49, 5072; (d) Papini, A.M. et al. 
Granted U.S.A. Patent & PCT WO 03/000733 A2.  
[3] Bulukin E. et al. Understanding Biology Using Peptides, 
Sylvie E. Blondelle (Editor), American Peptide Society, 
2005.  
 
P404. Abstract number: 515 
Characterisation of the minimal epitope detecting 
autoantibodies in Multiple Sclerosis by surface 
plasmon resonance 
F Real-Fernàndez1, I Passalacqua1, E Peroni2, F Lolli3, P 
Rovero4, AM Papini1
1Laboratory of Peptide & Protein Chemistry & Biology - 
University of Florence, SESTO FIORENTINO (FI), Italy 
2Laboratore SOSCO-EA4505 University of Cergy-
Pontoise, CERGY-PONTOISE CEDEX, France 
3Department of Neurological Sciences & Azienda 
Ospedaliera Careggi, FIRENZE, Italy 
4Department of Pharmaceutical Sciences, University of 
Florence, SESTO FIORENTINO, Italy 
With the aim of developing efficient tools for autoimmune 
diseases diagnostics, several studies have been focused 
on the use of synthetic peptides.  
In a previous study, we synthesized a series of 
glycopeptide shortened sequences derived from the 
original sequence of CSF114(Glc) (synthetic probe 
detecting by ELISA antibodies in sera of Multiple Sclerosis 
patients) containing Asn(Glc) to identify the minimal 
sequence [1]. All the shortened glycopeptide sequences 
inhibited anti-CSF114(Glc) Abs in competitive ELISA. The 



178

Posters 357-413: Peptide Biochemistry and Biology 

minimal epitope Asn(Glc) was demonstrated to be 
fundamental for an optimal antigen-antibody interaction, 
and a seven amino acids sequence was the minimal one 
able to inhibit anti-CSF114(Glc) antibodies in competitive 
ELISA. Nevertheless, short peptides showed poor coating 
efficiency to the polystyrene of the ELISA plate [2]. 
Therefore they are not useful as antigens for developing an 
in vitro SP-ELISA.  
In this context we present the study of serum antibody 
recognition of CSF114(Glc) shortened sequences by 
surface plasmon resonance. Biacore technology monitors 
in real time with a microfluidic system on a sensor surface, 
binding interactions between molecular partners. Using this 
methodology we can control in real time the peptide 
immobilization and its interactions with antibodies present 
in MS patients’ sera. Penta and heptapeptide sequences 
were used as antigens after modification with PEG at the 
N-terminus as a spacer to favour peptide immobilization. 
Binding interactions with autoantibodies in MS patients’ 
sera were measured using all the synthetic shortened 
glucosylated peptide sequences.  
[1] (a) Lolli, F. et al. P.N.A.S. U.S.A. 2005, 102, 10273-
10278; (b) Lolli, F. et al. J. Neuroimm. 2005, 167, 131-137; 
(c) Papini, A.M. Nat. Med. 2005, 11, 13; (d) Carotenuto, A. 
J. Med. Chem. 2006, 49, 5072-5079; (e) Papini, A.M.; 
Rovero, P.; Chelli, M.; Lolli, F. Granted U.S.A. Patent & 
PCT Application WO 03/000733 A2; (f) Carotenuto. A. et 
al. J. Med. Chem. 2008, 51, 5304-5309.  
[2] Nuti, F et al. Adv Exp Med Biol 2009;611:431-2  
 
P405. Abstract number: 519 
Antigenic probes for autoantibody detection in 
Multiple Sclerosis: synthetic peptides versus 
recombinant proteins 
F. Gori, B Mulinacci, L Massai, F Lolli, AM Papini, P 
Rovero 
Laboratory of Peptide & Protein Chemistry & Biology, 
University of Florence, SESTO FIORENTINO (FI), Italy 
Autoimmune diseases are a class of disorders that need 
early diagnosis and efficient prognosis for setting up 
therapeutic treatments. The identification of autoantibodies 
as specific biomarkers is a relevant target and up to now 
most of the assays are based on native antigens as 
immunological probes. However, aberrant post-
translational modifications of proteins can play a 
fundamental role in triggering an autoimmune response by 
creating neo-Ags.  
We previously demonstrated that a ‘chemical reverse 
approach’ is efficient in developing specifically modified 
synthetic peptides, able to fishing out Abs from patients’ 
biological fluids. In particular a specific antigenic probe, 
termed CSF114(Glc), was developed to identify autoAbs, 
as biomarkers correlating with disease activity, in a 
population of Multiple Sclerosis (MS) patients.1  
One of the most studied antigen targets in MS is Myelin 
Oligodendrocyte Glycoprotein (MOG), a glycoprotein of the 
myelin sheath.2 In many cases autoantibodies directed 
against unglycosylated MOG have been considered 
biomarkers of clinically definite MS, but such idea is still 
subject of debate. Therefore we focused our attention on 
recombinant MOG with the aim of comparing the relative 
merit of this protein versus synthetic modified peptides as 
antigenic probes for autoantibody detection in ELISA.  
We employed a solid-phase ELISA based on rat MOG 
expressed in E. coli after subcloning the cDNA of the 
extracellular domain (residues 1-125) into the His-tag 
expression vector in order to perform the refolding 
procedure on column to allow affinity purification. The 
proper refolding was checked by Circular Dichroism 

spectroscopy. Although an efficient refolding procedure 
has been applied to rMOGED(His)6, Abs were detected in 
a few sera.  
These results validated the hypothesis that it is necessary 
to obtain MOG (or other myelin proteins) in the native state 
with the proper post-translational modifications in order to 
understand the role of anti-MOG (or anti-myelin) Abs in MS 
patients’ sera.  
1 F. Lolli, et al., Proc. Natl. Acad. Sci. USA, 2005, 102, 
10273.  
2 T.G. Johns, C.C.A Bernard J., Neurochem., 1999, 72, 1. 
 
P406. Abstract number: 522 
The metabolisation of different iodinated peptide 
species. 
BDS De Spiegeleer, S Van Dorpe, E Pauwels 
Ghent University, GHENT, Belgium 
Radioiodinated I-123, I-125 or I-131 labelled peptides are 
often used in biomedical research and diagnostic-
therapeutic clinical practice. Moreover, iodine is a bio-
essential element with specific physiology and 
biochemistry. Two enzymatic systems are known to handle 
iodinated organics: iodotyrosinedeiodinase (IYD) and 
iodothyroninedeiodinase (ID). However, at this moment, 
only iodinated amino acids and the thyroid hormones have 
been studied, but no systematic study on the metabolic 
fate of iodinated peptides is available.  
Using HPLC-DAD/MS/MS and HALO-columns, we have 
characterised different iodinated mouse obestatin peptides 
towards their in vitro metabolisation. The degradation 
kinetics and metabolites of the different iodinated 
obestatin-peptides arising from both enzymatic proteolysis 
and dehalogenation is studied. 
 
P407. Abstract number: 532 
Rational design and optimization of CSF114(Glc) 
analogs to develop a panel of probes for 
diagnostic/prognostic assay for Multiple Sclerosis 
SP Shashank1, E Peroni2, P Rovero1, F Lolli3, AM Papini2
1Laboratory of Peptide & Protein Chemistry & Biology, 
University of Florence, SESTO FIORENTINO (FI), Italy 
2PeptLab-SOSCO, University of Florence and Cergy-
Pontoise, CERGY-PONTOISE, France 
3Dept of Neurological Sciences & Azienda Ospedaliera 
Careggi, FIRENZE, Italy 
Circulating autoantibodies are interesting biomarkers of 
patients affected by autoimmune diseases. These 
autoantibodies if exclusive can be used as diagnostic, 
prognostic, and theragnostic tools.  
We previously demonstrated for the first time, that a 
synthetic glycopeptide CSF114(Glc) is able to detect 
specific autoantibodies in sera of the patients affected with 
Multiple Sclerosis (MS).1 This glycopeptide is characterized 
by a type I” β-turn surrounding the minimal epitope 
Asn(Glc) that allows an efficient exposure of this moiety for 
antibody interactions in the solid-phase conditions of the 
immunoenzymatic assay. Our results confirm the role of 
peptide conformation in recognition of MS 
autoantibodies.2,3  
A primary structure alignment of CSF114(Glc) was done by 
SwissProt database and some fragments from nervous 
system proteins containing N-glycosylation consensus site 
(Asn-Xaa-Ser/Thr) were selected. [Asn641]FAN(635-655) 
(FAN, Factor associated with neutral sphingomyelinase 
activation), [Asn192]OMgp(186-204), (OMgp, 
Oligodendrocyte myelin glycoprotein), and 
[Asn179]NogoR(173-191) (NogoR, Nogo receptor) 
displayed 8/21, 3/21, and 5/21 residues homologous to 
CSF114(Glc), respectively.  



179

Posters 357-413: Peptide Biochemistry and Biology 

With the aim of optimizing the antibody recognition in MS 
patients’ sera, we designed a CSF114(Glc) analog 
maintaining Asn(Glc) at position 7th and modifying amino 
acids sequence for increasing homology with the selected 
fragments of the selected nervous system proteins.  
The designed peptide sequence showed increased activity 
in IgM recognition in MS patients’ sera by SP-ELISA as 
well as by competitive ELISA (IC50 =7.71E-08), thus 
appearing as a promising tool for increasing sensitivity in 
biomarkers detection for MS.  
1. Papini, A.M. et al. Granted U.S.A. Patent & PCT WO 
03/000733 A2.  
2. Lolli, F. et al. P.N.A.S. (2005) 102, 10273;  
3. (a) Lolli, F. et al. J. Neuroimmunol (2005) 167, 131; (b) 
Papini, A.M. Nat. Med. (2005) 11, 13; (c) Carotenuto, A. et 
al. J. Med. Chem. (2008) 51, 5304.  
 
P408. Abstract number: 547 
Structure-Function Relationships of a Hexapeptide 
Fragment of Carcinoembryonic Antigen 
Dr. Lovas 
Creighton University, OMAHA, United States of America 
Carcinoembryonic antigen (CEA), 180-200 kD 
glycoprotein, binds to the heterogeneous ribonucleoprotein 
M (hnRNP M) which acts as a cell surface receptor in 
Kupffer cells. The binding induces release of inflammatory 
cytokines and promotes colorectal cancer metastasis to the 
liver. The amino acid sequence in CEA which binds the 
hnRNP M receptor is Tyr-Pro-Glu-Leu-Pro-Lys. In this 
study, the structure of Ac-Tyr-Pro-Glu-Leu-Pro-Lys-NH2 
(YPELPK) was investigated using electronic circular 
dichroism, vibrational circular dichroism and molecular 
dynamics simulations. The binding of the peptide and its 
Ala-scan analogs to hnRNP M was investigated using 
molecular docking calculations. The biological activity of 
YPELPK and its analogs were studied using differentiated 
human THP-1 cells, which express hnRNP M on their 
surface and secrete IL-6 when stimulated by CEA. 
YPELPK forms a stable polyproline-II helix and stimulates 
IL-6 production of THP-1 cells at micromolar 
concentrations.  
 
P409. Abstract number: 560 
Tying Up Loose Ends: A Capping Unit for Associated 
Beta-Strands and Loops 
N H Andersen, B Kier, I Shu 
University of Washington, SEATTLE, United States of 
America 
As a follow-up to our finding that peptides with an Ac-W-
turn-WTG- sequence display unusual fold stability, we 
have examined the general applicability of Ac-W / WTG as 
a capping unit for enhancing the stability of small peptide 
folding motifs. This unit is a highly effective cap for beta-
hairpin (and other beta-sheet model) structures. Numerous 
examples indicate that the capping motif provides 6 - 9 
kJ/mol of fold stabilization. In the case of hairpins of the 
general formula, AcW-strand-turn-strand-WTG, we have 
prepared numerous examples with strand lengths of 2-, 4-, 
6- (and even 8-) residues. Examples with hairpin fold 
populations in excess of 98% in water (as measured by 
D2O-exchange protection of backbone NHs) have been 
prepared. The AcW / WTG unit is highly effective in 
reducing end-fraying in hairpins, structuring and cross-
strand H-bonding is retained at the termini even in the 
presence of ‘turn sequences’ with less than optimal turn 
forming propensities and the inclusion of alanines in the 
strand sequences. The N-terminal acetyl function is 
essential for the capping motif; deacetylation reduces fold 
stabilities by > 6 kJ/mol.; however, sequence extensions 

beyond the WTG unit are allowed and do not reduce the 
hairpin fold stability. The structuring features of this beta-
cap that are responsible for these effects will be presented.  
Other examples of beta-sheet stabilization utilizing this 
capping motif will be presented. These include Cys dimers 
of the general structure [AcW-(XX)n-C-(ZZ)n-WTG]2 where 
n = 1 and 2. Here, also, fold populations in excess of 98% 
were achieved. The beta-cap also appears to serve, so 
long as a small terminal beta-sheet structure results, as an 
effective ”staple”for closing longer loops. This will be 
illustrated with a series of loop replacements of the general 
structure: Ac-WITVTI-loop-KKIRVWTG-NH2. With loop = 
HG, a simple hairpin, the amides of I2, V4, I11 and V13 
displayed (94±8)-fold exchange protection and a large set 
of diagnostic structuring shifts appeared for the strands 
and the cap. When HG is replaced by GG the fold 
population decreases slightly, further decreases in fold 
population were observed with longer flexible loops; but 
even with loop = GGGGKKGGGG, all NMR and CD 
measures indicated that the fold-population of the terminal 
beta-sheet and the cap is 0.7 at 280K, melting 
cooperatively on warming. These results suggest the use 
of this cap for peptide models of biorecognition loops in 
beta-sheet proteins.  
 
P410. Abstract number: 572 
Pharmaceutical Peptide Formulations. 
P.E. Birr, B Buckel, S Künzel 
ORPEGEN Peptide Chemicals GmbH, HEIDELBERG, 
Germany 
Christian Birr 1,2), Benjamin Buckel 2) and Sebastian 
Künzel 2)  
1) Faculty of Chemistry, Heidelberg University, Im 
Neuenheimer Feld 517, 69120 Heidelberg, Germany,  
2) ORPEGEN Peptide Chemicals GmbH, Czernyring 22, 
69115 Heidelberg, Germany.  
Synthetic pure peptide drug substances like hormones and 
hormonal antagonists, enzyme substrates and - inhibitors, 
DNA intercalators, immunological signal pep-tides, and 
neurotransmitters are well defined regarding dosing 
profiles per indication and mode of action, granted the 
active principles are pharmaceutically well formu-lated. 
Yet, we are not considering here chemical modifications 
like in pro-drugs, pe-gylated peptides, and the like. -In most 
formulation recipes for i.v. peptide infusions and i.m. 
injectables, eye drop-lets or nasal sprays, there are 
physiologically ac-ceptable salts of the drug substances 
lyophilized from plane water or isotonic phos-phate-
buffered saline together with glucose or mannitol or HSA 
for stability en-hancement and surface tension 
minimization.  
For oral applications most of the oral application formulas 
are in tablets containing both organic and inorganic 
additives coated with synthetic polymers, derivatives of 
gelatine, cellulose or starch, or based on gelatine capsules 
for retarding the meta-bolic decay of the active ingredient. 
The chemical type of coating materials will define the area 
of resorption of the peptide drug crossing the digestive 
tract. E.g., micronized crystalline or lyophilized peptide 
drug substance in a physiologically acceptable salt form 
may be suspended in vegetable oils to form a paste to be 
filled in soft gelatine capsules digestible selectively in the 
small intestine. For some peptide hormones we have 
developed slow release formulations, e.g. by 
microencapsulation or microgranulation of drug salts 
insoluble in water. These drug forms are applied in depots 
injected under the skin for a well defined slow release of 
the drug. It takes place by retarded decomposition of the 
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embedding depot materials under the physiological 
conditions of the surrounding tissue. 
 
 
P411. Abstract number: 576 
Two short peptides arising in inflammation 
demonstrated strong neuroprotective effects in vitro 
G Pinelis1, T Storozhevykh1, K Glebova2, T Danyukova2, Y 
Senilova1, S Schramm2, N Myasoedov2

1Research Center for Children's Health, MOSCOW, Russia 
2Institute of Molecular Genetics, MOSCOW, Russia 
Now a number of short biologically active peptides 
consisting of Gly, Pro, and Hyp amino acid residues have 
been found in blood and other tissues. Collagen and some 
related proteins are rich sources for such peptides. 
However, the physiological functions of these collagen-
derived peptides are still poorly studied. Several authors 
previously have shown that the levels of peptides Pro-Gly-
Pro (PGP) and N-acetyl-PGP in the body were increased 
many times in inflammation. Furthermore, the N-acetyl-
PGP demonstrated even some pro-inflammatory properties 
in concentrations of 10-4-10-3M. On the other hand, we 
have previously found that PGP has a marked 
neuroprotective effect in vivo. The aim of this study was to 
try to better understand the nature of revealed 
neuroprotective effect by using various models of neuron 
damage in vitro. Primary cultures of neurons from rat 
cerebellum and cortex, and the rat pheochromocytoma 
PC12 cell line were used in our study. For investigation of 
cytoprotective properties three different neuron damage 
mechanisms were modeled: 1)- oxidative stress-stimulated 
necrosis (”oxidative stress model”- PC12 cells, 1 mM H2O2, 
30 min); 2)- growth factors deprivation-induced apoptosis 
(”deprivation model”- cerebellar granule neurons, 24 h); 
and 3)- glutamate receptor hyperactivation (”Glu-toxicity 
model”- cerebellar granule neurons, 100 uM Glu, 1 h) 
resulting in both necrosis and apoptosis. It was shown that 
peptides PGP and N-acetyl-PGP in concentrations of 1-
100 uM increased PC12 cells survival after H2O2-indused 
oxidative stress. It should be noted, that this effect was 
observed in both naive and NGF-differentiated PC12 cell 
cultures. Similar protective effects of PGP were obtained 
on the deprivation and Glu-toxicity models, too. In all 
models used PGP in concentration of 100 uM increased 
cell survival by an average of 20-30%. Moreover, PGP in 
concentrations of 100 uM delayed calcium dysregulation 
induced by Glu-toxicity in cerebellar granule neurons, and 
increased BDNF and TrkB mRNA synthesis in cortical 
neurons. Thus, the results obtained indicate that the 
peptides PGP and N-acetyl-PGP in pathological conditions 
may be involved in the neuroprotective mechanisms, which 
are triggered in the brain under the action of various 
damaging factors. The work has been partly supported by 
the Russian Foundation for Basic Research (grants 08-04-
01760 and 09-04-13813). 
 
P412. Abstract number: 577 
Neuroprotective effect of short collagen-related 
peptides and their ability to interact with ACE reveal 
structure-activity similarity 
I Schramm, T Danyukova, K Glebova, I Nagayev, L 
Andreeva, N Myasoedov 
Institute of Molecular Genetics, MOSCOW, Russia 
Short collagen-related (SCR) peptides are known to effect 
cardiovascular, nervous, immune and digestive systems of 
the body in health and disease. Nevertheless molecular 
mechanisms of their effects remain uncertain. Therefore it 
is of great importance to compare structure-activity data for 
SCR peptides obtained on different models and objects. 

We have previously demonstrated that several SCR 
peptides show neuroprotective properties in vivo and in 
vitro. The aim of this investigation was to identify structure-
activity relationships of SCR peptides for both 
neuroprotective activity in vitro and their ability to interact 
with bovine angiotensin-converting enzyme (ACE) as 
substrates. About twenty peptides consists of 2-6 amino 
acid residues (predominantly Gly and Pro) have been 
analyzed. Neuroprotective activity of the peptides has been 
assessed based on their ability to increase survival of 
cultivated PC12 cells after H2O2 insult. An efficacy of ACE-
SCR peptides interaction was evaluated on the formation 
of specific enzymatic products using HPLC-analysis. 
Among all peptides tested only peptides with C-terminal 
Gly-Pro sequence, as well as H-Gly-Pro-OH dipeptide, 
have been shown to possess neuroprotective activity in the 
range of 1-100 microM. Testing of the same peptides as 
substrates for ACE revealed that peptides with C-terminal 
Gly-Pro sequence were hydrolyzed as well. The data 
obtained suggest that the SCR peptides target in PC12 
cells, which have not been identified so far, may have the 
structure of ligand-binding site vary similar to the substrate-
binding site of ACE. This investigation has been partly 
supported by the Russian Foundation for Basic Research 
(grants 08-04-01760 and 09-04-13813). 
 
P413. Abstract number: 580 
Structural Dynamics of human prion protein upon 
residue modification 
K.B. Bamdad1, H Naderimanesh2, A Baumgaertner3

1Payame Noor University, SHIRAZ, Iran 
2TMU, TEHRAN, Iran 
3Research Center Jülich, JÜLICH, Germany 
It is known that Arg208 to His mutation is responsible for the 
conformational transition in the human prion protein, PrP, 
due to the elimination of the associated salt bridge 
(Asp144'Arg208). In this study, in order to assess the role of 
the Arginine residue at position 208 in the early stages of 
the conformational changes, the salt bridge was removed 
in silico from prion protein. In contrast to the experimental 
studies, this construct was used to avoid substituting 
Arginine residue with a neutral Alanine in order to keep 
backbone perturbations as low as possible. An Alanine-
substituted analog also used to elucidate the impacts of 
residue substitution on the structural determinants. 
According to the molecular dynamics simulations, 
deprotonation of Arginine residue induced some reversible 
structural alterations in the loop area (167-171). However, 
the Alanine-substituted analog caused irreversible impacts 
to the structural flexibility, which led to the significant 
instabilities in the remote hot region (190-195) of the 
backbone. These data imply that the observed 
conformational transition upon Arg208 to His mutation is 
mainly related to the mutation-induced structural flexibilities 
in the backbone, not to the elimination of the associated 
electrostatic bond. 
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P414. Abstract number: 5 
A modular approach to promote cellular uptake of 
recombinant proteins 
MB Hansen1, WPR Verdurmen2, L Leunissen1, R Brock2, 
DWPM Löwik1, JCM Van Hest1
1Radboud University Nijmegen, NIJMEGEN, The 
Netherlands 
2Biochemistry of Integrated Systems, Nijmegen Centre for 
Molecular Life Sciences, NIJMEGEN, The Netherlands 
Cell penetrating peptide-mediated protein delivery into 
living cells has become recognized as a powerful tool for 
controlling cellular function. The cellular introduction of the 
cargo molecules is easily conducted by simply conjugating 
cargo proteins with a peptide having a carrier function and 
adding these chimera molecules to the culture media. In 
this work we show how such chimeras can easily be 
obtained in a modular strategy. This is illustrated with a 
green fluorescent protein that has a leucine zipper 
attached to its C-terminus and can form a strong non-
covalent dimer with a complementary zipper peptide. This 
complementary zipper, functionalized with an acetylene 
moiety, is ligated to a fluorescently labeled cell-penetrating 
peptide (Tat) using the well-known copper(I)-catalyzed 1,3-
dipolar cycloaddition. We show the Tat-zipper construct is 
able to promote cellular uptake of GFP modified with the 
complementary leucine zipper as monitored with 
fluorescence cross-correlation spectroscopy. 
 
P415. Abstract number: 131 
Design and Synthesis of Guanidinium-Rich Molecular 
Transporters for Drug Delivery  
I. Pajpanova1, T Dzimbova1, K Georgiev2

1Bulgarian Academy of Sciences, Institute of Molecular 
Biology, SOFIA, Bulgaria 
2Medical University of Varna, Faculty of Pharmacy, 
VARNA, Bulgaria 
For many therapeutic applications, it has become more 
important to find synthetic compounds that have ability to 
transport a variety of drugs and cargo molecules into cells 
and tissues.  
Short oligomers of arginine, either alone or when 
conjugated to therapeutic agents or large biopolymers, 
have been shown to cross readily a variety of biological 
barriers (e.g., lipid bilayers and epithelial tissue).  
Molecular modeling suggests that only a subset of the side 
chain guanidinium groups of these transporters might be 
required for transport involving contact with a common 
surface such as a plasma membrane or cell surface 
receptor.  
To evaluate this hypothesis, a series of oligomers were 
prepared that incorporated arginine mimetics with either, 
oxy-guanidino or sulfoguanidino side chains.  
To test the cellular uptake of these oligomers, FACS 
analysis was performed. The interaction with monolayers 
of zwitterionic and negatively charged phospholipids was 
also investigated.  
We are grateful to NFSR of Bulgaria (Contract MY-FS-13-
07). 
 
P416. Withdrawn 
 
P417. Abstract number: 182 
Neutrophil Elastase-dependent Host Defence Peptide 
Prodrugs 
M Devocelle1, S Desgranges1, P Rad1, F Le Prieult1, J 
Lydon1, M Brennan1, A Subasinghage2, C Hewage2, C 
Greene1, N McElvaney1, D Fitzgerald-Hughes1, H 
Humphreys1

1Royal College of Surgeons in Ireland, DUBLIN, Ireland 

2University College Dublin, DUBLIN, Ireland 
Host defence peptides are multifunctional molecular 
effectors of innate immunity, the first line of defence 
against infection in multicellular organisms. They are 
recognised as promising candidates for the development of 
novel antimicrobial and anti-inflammatory agents, owing to 
their original mode of action which may circumvent the 
classical mechanisms of drug resistance and to their low 
propensity to select resistant mutants. However the clinical 
development of these ‘Nature’s antibiotics’ has been 
limited to date and exploitation of their therapeutic potential 
will require in particular solutions addressing the concerns 
related to their potential toxicity. Several approaches have 
been proposed to achieve clinical success with host 
defence peptides, such as conversion into 
peptidomimetics, liposomal delivery and a prodrug strategy 
[1].  
Using a prodrug approach analogous to the natural control 
process exerted on these macromolecules, pro-forms of a 
host defence peptide were designed for activation by 
neutrophil elastase (NE), a serine protease involved in 
chronic airway inflammation and infections associated with 
cystic fibrosis. Minimum Inhibitory Concentrations 
performed against two representative cystic fibrosis 
pathogens, Pseudomonas aeruginosa and Staphylococcus 
aureus, with exogenous or endogenous NE indicate that 
the levels of antimicrobial activities obtained from the 
propeptide can be correlated with, and therefore controlled 
by, the concentration of NE in airway secretions of cystic 
fibrosis patients. Moreover, toxicity studies performed by 
the haemolysis assay showed that the active peptide 
causes dose-dependent cell lysis, while the propeptide is 
not toxic to red blood cells up to a concentration of 500 
microM. Structural basis of the activity differentials 
between the propeptide and its active component have 
been investigated by NMR.  
This prodrug approach can be exploited to selectively 
deliver a host defence peptide to sites of infections.  
This publication has emanated from research conducted 
with the financial support of Science Foundation Ireland.  
[1] Hancock REW. Cationic peptides: effectors in innate 
immunity and novel antimicrobials. The Lancet Infectious 
Diseases, 156-164, 1(3), 2001. 
 
P418. Abstract number: 248 
Synthesis and Biological Evaluation of Daunorubicin-
GnRH- III Prodrug Conjugates 
Ms Hegedüs1, E Orbán1, M Manea2, G Mezo3

1Eötvös Loránd Science University, BUDAPEST, Hungary 
2Zukunftskolleg, University of Konstanz, KONSTANZ, 
Germany 
3Research Group of Peptide Chemistry, Eötvös University, 
BUDAPEST, Hungary 
Tumor targeting with the decapeptide gonadotropin-
releasing hormone (GnRH) or its analogues is based on 
the discovery that GnRH receptors are overexpressed in 
many tumor cells (e.g. prostate, ovarian, breast, 
endometrial), compared with their expression in normal 
tissues. Using these peptides as carriers/targeting moieties 
in a conjugate with therapeutic agents can increase the 
selectivity and the stability of the conjugates, or eliminate 
the toxic side effects of the drug.   
The lamprey GnRH-III (<EHWSHDWKPG-NH2) is 
especially favoured as a targeting moiety because of its 
antiproliferative effect and weak endocrine activity in 
mammals.  
The anthracycline antibiotic daunorubicin (Dau) is an 
effective anticancer drug; however, its use is limited by 
severe cardiotoxicity. Dau can be conjugated through its 
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amino group of the sugar moiety or through the oxo group 
on the 13C atom of the aglicon part1,2. However, the free 
amino group might be essential for the biological activity. 
Therefore, an enzyme cleavable spacer should be 
incorporated between the amino group and the drug. 
Cathepsin B, a lysosomal enzime overexpressed in cancer 
cells splits peptide sequences such as ALAL, LALARR, 
YRRL, GFLG3,4, that can be used as spacers.  
The aim of our work was to synthesize new prodrug 
conjugates of daunorubicin that contain different types of 
cathepsin B cleavable peptide spacers and GnRH-III 
derivatives.  
GnRH-III derivatives (GnRH-III-ClAc, GnRH-III-IAc, GnRH-
III-Ttds-ClAC)5 were synthesized by solid phase synthesis 
(SPPS) on a Rink-amid MBHA resin according to Fmoc/tBu 
strategy. The peptide spacers (Ac-CYRRL-OH, Ac-
CGGFL-OH, Ac-CALAL-OH, Ac-CGFLG-OH, Ac-CPFR-
OH) were synthesized by SPPS on a Merrifield resin using 
Boc/Bzl strategy. Dau was coupled to the linker molecules 
through an amide bond. The chloroacetylated or 
iodoacetylated GnRH-III derivatives were conjugated via 
thioether bond with the cysteine elongated spacer 
molecules.  
The release of dau from the conjugates was determined in 
the presence of Cathepsin B. The in vitro cytostatic effect 
of the prodrug conjugates were studied on MCF-7 human 
breast cancer, HT-29 human colon carcinoma cell lines.  
1. Mező, G., et al. Collection Symposium Series 2009, 11, 
72-76.  
2. Szabó, I., et al. Bioconjug. Chem., 2009, 20, 656-665.  
3. Calderon, M., et al. Bioorg. Med. Chem. Lett., 2009, 19, 
3725-3728  
4. Ajaj, K.A., et al. Cancer Chemother .Pharmacol., 2009, 
64, 413-418  
5. Bartos, Á., et al. Biopolymers. 2009; 92,:110-115  
 
P419. Abstract number: 249 
The [Tc(N)PNP] Metal Fragment Labeled Peptide for 
MC1 Receptors Imaging: preliminary studies  
B. Biondi1, C Bolzati2, D Carta3, N Salvarese3, F Refosco2, 
A Calderan1, P Ruzza1

1CNR Institute of Biomolecular Chemistry -, PADOVA, Italy 
2CNR Institute of Inorganic Chemistry and Surfaces, 
PADOVA, Italy 
3Department of Pharmaceutical Sciences - University of 
Padova, PADOVA, Italy 
Malignant melanoma is the most lethal form of skin cancer: 
melanoma metastases are very aggressive and no curative 
treatment exists for it due to its resistance to chemotherapy 
and immunotherapy regimens. Therefore, development of 
new melanoma-specific radiopharmaceuticals for early 
detection of primary melanoma tumors or internal 
radiotherapy is a subject of great interest.  
In this perspective, melanocortin type-1 (MC1R) receptors 
represent a promising target for the development of 
effective molecular probes for diagnosis or therapy. MC1 
receptors are overexpressed on the surface of melanoma 
cells and able to selectively recognize the peptide 
sequence His-D-Phe-Arg-Trp mimicking the melanocyte 
stimulating hormone (αMSH). Literature described several 
linear and cyclic radiolabeled αMSH analogs. In particular, 
the introduction of a cyclic constraint in a lead peptide may 
restrict the flexibility and favor peptide-receptor 
interactions, and is an effective way of generating ligands 
with enhanced potency, receptor selectivity, and enzymatic 
stability.  
In order to improve the affinity of a NAPamide analogue 
(H-Nle-Asp-His-D-Phe-Arg-Trp-Gly-NH2) towards MC1 
receptors the cyclic peptide H-c[Lys-Glu-His-D-Phe-Arg-

Trp-Glu]-Arg-Pro-Val-NH2 was synthesized. In both 
peptides the Cys-Ahx-βAla sequence were conjugated to 
the terminal amino group. The resulting Cys-peptide 
conjugates were reacted with the 
[99mTc(N)(PNPn)]2+mojety, a versatile synthon for labeling 
biomolecules, including peptides, and where PNPn was 
aminodiphosphines carry different bulky alkoxyalkyl 
substituents (e.i. CH3CH2OCH2CH2CH2- or 
CH3OCH2CH2CH2-). The [99mTc(N)(NS-Cys-
peptide)(PNPn)]+ complexes were obtained according to 
either one-step or two-step procedures in high yield and 
high specific activity. In general, the agents were stable in 
aqueous solution and in PBS. In vitro challenge 
experiments with an excess of cysteine and glutathione 
indicate that no transchelation reactions occurred, 
confirming the high stability of these compounds. Stability 
studies carried out in human and mouse sera, as well as in 
mouse liver and kidneys homogenates, showed that the 
radiolabeled compounds were stable in sera for prolonged 
incubation at 37 °C. Meanwhile, in homogenates a partial 
degradation of the agents was observed. In vivo 
pharmacokinetics of the different [99mTc(N)(PNPn)]-labeled 
conjugates in healthy rats were evaluated.  
 
P420. Abstract number: 276 
Oligoprolines as Multivalent Scaffolds for Tumor 
Targeting Vectors 
CK Kroll1, R Mansi2, HR Mäcke2, H Wennemers1

1Department of Chemistry, University of Basel, BASEL, 
Switzerland 
2Department of Nuclear Medicine, University Medical 
Center Freiburg, FREIBURG, Germany 
Herein we present a novel approach towards multi- and 
heterovalent radiotracers for tumor targeting. Multivalent 
tumor tracers are envisioned to provide higher affinity and 
longer residence times on the tumor cell compared to 
established monovalent agents.1 Exploiting heterovalency, 
a more universal targeting might be accessible.2  
In our approach, azido-functionalized oligoprolines3 are 
used as helical, conformational well-defined scaffolds to 
display peptidic targeting vectors. As targeting vectors, 
bombesin agonists and antagonists with a high affinity 
towards gastrin releasing peptide receptors which are 
abundant in most breast and prostate cancer are 
employed.4 Conjugation to the scaffold has been achieved 
via copper catalyzed ”click chemistry”. The modular 
synthesis of the molecules is performed on solid support, 
using a standard Fmoc-protocol. Additionally, a DOTA-
chelator was introduced for labelling with different 
radiometals, which should allow for diagnosis via PET and 
SPECT as well as radiotherapy.  
A series of molecules, differing in type and composition of 
the targeting vectors (divalent agonists , divalent 
antagonists and hybrids consisting of one agonist and one 
antagonist) has been synthesized. To the best of our 
knowledge, this is the first example of combining known 
agonistic and antagonistic bombesin peptides within the 
same molecule. Binding and Internalisation studies with 
human prostate cancer cells (PC-3 cells) will be reported.  
1. (a) L. L. Kiessling, J. E. Gestwicki and L. E. 
Strong, Angew. Chem. Int. Ed. 2006, 45, 2348; (b) G. 
Thumshirn, U. Hersel, S. L. Goodman and H. Kessler, 
Chem. Eur. J. 2003, 9, 2717  
2. (a) Z. Liu, Y. Yan, F. T. Chin, F. Wang and X. 
Chen, J. Med Chem, 2009 52, 435-432; (b) J. S. Josan, J. 
Vagner, H. L. Handl, R. Sankaranarayanan, R. J. Gillies 
and V. J. Hruby, Int. J. Pept. Res. Ther. 2008, 14, 293-300  
3. (a) M. Kümin, L.-S. Sonntag and H. Wennemers, 
J. Am. Chem. Soc. 2007, 129, 566-567; (b) L. S. Sonntag, 
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S. Schweizer, C. Ochsenfeld and H. Wennemers, J. Am. 
Chem. Soc. 2006, 128, 14697-14703  
4. (a) M. Gugger and J. C. Reubi, Am. J. Pathol. 
1999, 155, 2067-2076; (b) R. Markwalder and J. C. Reubi, 
Cancer Res. 1999, 59, 1152-1159; (c) H. Zhang, J. Chen, 
C. Waldherr, K. Hinni, B. Waser, J. C. Reubi and H. R. 
Maecke, Cancer Res. 2004, 64, 6707  
 
P421. Abstract number: 284 
Kinetic studies on cellular uptake of polyarginine 
peptide by FRET 
A. A. Ambo 
Tohoku Pharmaceutical University, SENDAI, Japan 
Cell-penetrating peptides (CPPs) are well known to be able 
to across the plasma membrane into cells. Several 
endocytotic mechanisms for cellular uptake of CPPs were 
suggested in live cells, involving clathrin-mediated 
endocytosis, caveolae-mediated endocytosis, and 
macropinocytosis. Moreover, some findings suggested the 
cellular uptake can occur via a non-endocytotic process. In 
either uptake mechanism, cationic portion of CPPs is 
thought to initially interact with anionic substances present 
at the extracellular surface of the plasma membrane, such 
as proteoglycan. Generally, the cellular uptake of CPPs 
was examined using FACS analysis and fluorescence 
microscopy after incubation of cells with fluorescently-
labeled peptide. In these methods, cell surface-attached or 
non-intracellular CPPs should be removed by washing with 
medium, which led to overestimation of the uptake. To 
avoid these artifact, trypsin-treatment of the cells after 
incubation and washing was suggested (J. P. Richard et 
al., J. Bio. Chem., 278, 585, 2003)  
In the present study, an attempt was made to assess the 
amount of CPPs in the cytosol of cells using a conjugated 
peptide by a fluorescence resonance energy transfer 
(FRET). The FRET peptide consists of FAM-Gaba-Cys-
His-His-NH2 (cargo) and Dabcyl-Gaba-Cys-(Arg)6-D-Arg-
(Arg)2-NH2 (CPP), which are covalently linked via S-S 
bond. Considering the glutathione-rich environment in the 
cytoplasm, the cellular uptake is probably detected after 
translocation into cells as the increase of FRET signal 
(fluorescence) by reductive cleavage of the disulfide bond.  
 We examined the cellular uptake of the conjugated FRET 
peptide into Jurkat cells under different conditions as 
follows: temperature, concentration of peptide, culture 
medium, and addition of endocytosis inhibitors. In the 
FACS analysis, the cellular uptake was clearly estimated 
without the removal of cell surface-attached conjugated 
peptide on live cells. From experiments using endocytosis 
inhibitors, it is likely that the conjugate peptide is 
incorporated into the cells via macropinocytosis and/or 
caveolae-mediated endocytosis at 2µM concentration of 
the peptide, while at higher concentration, the peptide is 
entering via a non-endocytotic process. Kinetic analysis 
revealed that fluorescence intensity apparently decreased 
when cells were incubated with the conjugated peptide in 
RPMI-1640. The inhibitory effects of FBS on the cellular 
uptake will also be reported.  
 
P422. Abstract number: 303 
Novel molecular dyes for the labelling of synthetic 
peptides 
M Devocelle1, L Blackmore2, L Cosgrave2, T Keyes2

1Royal College of Surgeons in Ireland, DUBLIN, Ireland 
2Dublin City University, DUBLIN, Ireland 
Luminescent dyes capable of passive cell delivery may be 
used as molecular probes for example in live cellular 
imaging. Ruthenium polypyridyl complexes have unique 
photophysical characteristics which make them potentially 

invaluable as probes for cellular imaging by confocal 
luminescence and resonance Raman microscopy. They 
are long lived, exhibit polarised luminescence, have good 
photostability, red emission wavelengths and large stokes 
shifts and oxygen sensitivity. Although, they have long 
been muted as potentially useful, application of ruthenium 
polypyridyl complexes in this regard has been very limited. 
Recent work by our groups has reported that polyarginine 
labelled ruthenium complexes efficiently and rapidly 
transport across the cell membrane into the cytoplasm [1, 
2]. Such luminophores provide unique opportunities for 
imaging dynamic processes in living cells while avoiding 
limitations associated with fixation.  
In this contribution, we describe how we are refining these 
synthetic strategies to target such metal complexes by 
conjugating them to synthetic peptides to investigate sub 
cellular localisation.  
We report on the synthesis and characterisation of a 
ruthenium (II) complex [Ru(dpp)2PIC]ClO4 covalently 
attached to a nuclear localisation signal peptide 
AVQRKRQKLMP-NH2 [3]. The spectral (absorption and 
emission) and photophysical (fluorescence lifetime) 
properties of this metal-ligand peptide complex are 
described. The complex exhibits long lived, intense, and 
oxygen sensitive luminescence. Preliminary results on their 
application in cell imaging are also presented.  
We thank the Irish Government under its ‘Programme for 
Research in Third Level Institutions IV’ for financial 
support.  
[1] Pellegrin Y, Neugebauer U, Devocelle M, Forster RJ, 
Signac W, Moran N, and Keyes TE. Chem Commun, 2008, 
42:5307-5309.  
[2] Cosgrave L, Devocelle M, Forster RJ, Keyes TE. Chem 
Comm, 2010, 46:103-105.  
[3] Ragin AD, Morgan RA, Chmielewski J. Chem Biol, 
2002, 8:943-948 
 
P423. Abstract number: 306 
Antibiotic-Host Defence Peptide conjugates as novel 
antibiotic and prodrug candidates 
M Devocelle1, S Desgranges1, C Ruddle1, T Mc Fadden1, 
D Fitzgerald-Hughes1, H Humphreys1, T Smyth2

1Royal College of Surgeons in Ireland, DUBLIN, Ireland 
2University of Limerick, LIMERICK, Ireland 
Host defence peptides are multifunctional molecular 
effectors of innate immunity, the first line of defence 
against infection in multicellular organisms. Their multiple 
functions in host defences support the rationale of 
developing entirely novel peptide-based therapeutics 
harnessing the effector mechanisms of innate immunity. 
Their main assets include a low susceptibility to classical 
mechanisms of drug resistance associated with a low 
propensity to select resistant mutants.  
A method for the conjugation of a host defence peptide to a 
classical antibiotic has been developed. This approach can 
be exploited to generate hybrid antibiotics which combine 
the activity of the two conjugated agents, a novel 
generation of classical antibiotics with extended effective 
lives and antimicrobial peptide prodrugs reactivated by an 
enzyme of antibiotic resistance against the classical agent.  
An antibiotic-host defence peptide conjugate based on an 
8-mer all-D sequence, derived from the bactenecin protein, 
has been evaluated against representative strains of gram-
positive (Staphylococcus aureus) and gram-negative 
(Escherichia coli) organisms. The results of susceptibility 
testing confirmed that the antimicrobial activities of the 
peptide component were equivalent or superior to those of 
the native sequence, with minimum inhibitory 
concentrations (MICs) ranging from 2 to 5 microM against 
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S. aureus and of 5 microM against E. coli. MICs of the 
conjugate were equivalent to those of its peptide 
component against S. aureus, and slightly inferior against 
E. coli. Control molecules based on a non- immolative 
linker between the peptide and the classical antibiotic have 
also been synthesised and evaluated to assess a potential 
prodrug mechanism of action.  
This publication has emanated from research conducted 
with the financial support of Science Foundation Ireland 
and Enterprise Ireland.  
[1] Hancock REW & Sahl H-G. Antimicrobial and host-
defense peptides as new anti-infective therapeutic 
strategies. Nature Biotechnology, 1551-1557, 24(12), 
2006. 
 
P424. Abstract number: 322 
Synthesis And In Vitro Antitumor Activity Of New 
Daunomycin Containing Gnrh-Ii Derivatives 
Ms Szabó, E Orbán, S Bosze, G Mezo 
Research Group of Peptide Chemistry HAS, Eötvös 
Lorand University, BUDAPEST, Hungary 
In humans two isoforms of GnRH are exist, namely GnRH-
I and GnRH-II. The hypothalamic decapeptide 
gonadotropin-releasing hormone (GnRH-I; 
<EHWSYGLRPG-NH2, where <E is pyroglutamic acid) is 
the central regulator of reproductive system through the 
stimulation of luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) from pituitary gonadotropes. 
The exact function of GnRH-II (<EHWSHGWYPG-NH2) is 
unknown, but it may play a role in the maturation of sexual 
behaviour, the regulation of gonadotropin secretion and in 
the immunological process. It was also indicated recently, 
that GnRH-II derivatives have more potent antiproliferative 
activity on human endometrial and ovarian cancer cells in 
vitro than GnRH-I analogs. Some kinds of tumor cells (e.g. 
breast, prostate, colon) produce GnRH-I and II and 
express their receptors. However the presence of 
functionally active GnRH-II receptors on cancer cells is still 
not clear.  
The sythesis of [D-Lys6]GnRH-II, which is the one of the 
most potent GnRH-II agonist, was carried out on solid 
phase using mixed Fmoc/tBu and Boc/Bzl strategies. The 
drug molecule was coupled to the peptide directly or 
through an enzyme labile spacer (GFLG) in liquid phase 
via oxim bond formation.  
The in vitro studies of cellular uptake and cytostatic effect 
of the antracycline containing GnRH-II derivatives were 
investigated.  
The cellular uptake of GnRH-II derivatives was studied by 
flow cytometry (BD LSR II) on MCF-7 (human breast 
cancer) and HT-29 (human colon carcinoma) cell lines. 
The cells were treated with different concentration of 
GnRH-II analogs and after the treatment were analysed by 
flow cytometry in order to investigate their cellular uptake.  
The cytostatic effect of drug containing GnRH-II derivatives 
was studied on MCF-7and HT-29 cell lines by MTT-assay.  
The drug containing GnRH-II conjugates can be taken up 
by MCF-7 and HT-29 cells in a concentration dependent 
manner, and they were effective. The biological data were 
compared with the results that were measured with GnRH-
I and GnRH-III derivatives.  
 
P425. Abstract number: 368 
Anthracycline-Gonadotropin Releasing Hormone-III 
Bioconjugates: Synthesis, Antitumor Activity and in 
vitro Drug Release  
G Mezo1, U Leurs2, P Schlage2, E Orbán1, I Szabó1, S 
Bosze1, M Manea3

1Research Group of Peptide Chemistry, Eötvös L 
University, BUDAPEST, Hungary 
2University of Konstanz, Department of Analytical 
Chemistry, KONSTANZ, Germany 
3University of Konstanz, Zukunftkollege, Department of 
Analytical Chemistry, KONSTANZ, Germany 
Chemotherapy is still the main approach for the treatment 
of advanced or metastatic cancer. However, due to the 
lack of selectivity for tumor tissues, the application of free 
anticancer drugs can lead to severe side effects and low 
cure rates. Therefore, targeted delivery of anticancer drugs 
is one of the most actively pursued goals in cancer 
chemotherapy. Bioconjugates with receptor mediated 
tumor-targeting functions and carrying cytotoxic agents 
should enable the specific delivery of chemotherapeutics to 
malignant tissues, thus increasing their local efficacy while 
limiting the peripheral toxicity. It was found that receptors 
for peptide hormones, such as gonadotropin-releasing 
hormone (GnRH), are expressed in a higher amount on 
cancer cells compared to normal cells. Consequently, 
GnRH and its derivatives can be used as targeting 
moieties to deliver cytotoxic agents directly to tumor cells. 
One of the most promising natural GnRH analogs is 
GnRH-III (Glp-His-Trp-Ser-His-Asp-Trp-Lys-Pro-Gly-NH2) 
which specifically binds to GnRH receptors on cancer cells 
and has lower hormonal effect in mammals than the 
human GnRH.  
In our work, anthracycline antibiotics daunorubicin (Dau) 
and doxorubicin (Dox) were attached to the GnRH-III by 
different linkages such as hydrazone, oxime, amide or 
ester bond, either directly or by insertion of a spacer 
moiety. After synthesis and chemical characterization of 
anthracycline-GnRH-III bioconjugates, their antitumor 
activity was evaluated by MTT (3-(4,5-dimethylthiazolyl-2)-
2,5-diphenyltetrazolium bromide) assay on various cancer 
cell lines. The drug release from the bioconjugates was 
determined in 90% human serum, in rat liver lysosomal 
homogenates and in the presence of Cathepsin B by liquid 
chromatography-tandem mass spectrometry (LC-MS/MS).  
This work was supported by grants from the Hungarian 
National Science Fund (OTKA NK 77485), the Ministry of 
Health (GVOP-3.2.1.-2004-04-0005/3) and University of 
Konstanz (Zukunftskolleg and AFF).  
 
P426. Abstract number: 370 
Efficacy of Laser-Activated Gold Nanoshells targeting 
breast cancer cells in vitro 
L Wang 
College of Life Science, Jilin University, CHANGCHUN, 
China 
Gold nanoshells are a class of nanoparticles with tunable 
optical resonances, which can be designed to absorb near-
infrared (NIR) light strongly to generate heat and provide 
optically guided hyperthermic ablation. Once localized to 
tumor cells, these nanoshells are extremely efficient at 
absorbing NIR light and can generate sufficient heat to kill 
cancer cells upon exposure to laser light. The purpose of 
this study was to screen peptides that can specifically bind 
to human breast cancer cell line�MCF-7�using phage 
display peptide library and to identify its ability of targeting 
MCF-7 cells in vitro. A peptide 12-mer phage display library 
was employed and 4 rounds of subtractive panning were 
performed using MCF-7 cells as the target. After 4 rounds 
panning, we selected the phages that specifically bound to 
MCF-7 cells. And the selected phages were proved highly 
specific affinity to MCF-7 cells by ELISA. After modified 
with β-amino acid at the specific site, the stability of this 
molecule was improved, but not change structural 
requirements for binding MCF-7 cells. We bound gold 
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Nanoshells with the selected and modified peptide, 
darkfield imaging successfully demonstrated specific 
affinity to MCF-7 cells. Therefore, the selected peptide may 
be a potential candidate for targeted ligand in photothermal 
therapy and diagnosis of breast cancer. 
 
P427. Abstract number: 373 
Design And Synthesis Of Polyfunctional Spacers 
Based On Biodegradable Peptides 
L. A. Yarinich1, L Koroleva2, T Godovikova2, V Silnikov1

1Institute of Chemical Biology and Fundamental Medicine, 
NOVOSIBIRSK, Russia 
2Inst. of Chemical Biology and Fundamental Medicine, 
Novosibirsk State University, NOVOSIBIRSK, Russia 
Researches of drug delivery in cells are actively carried out 
at present. Release of drug from carrier is necessary after 
uptake of therapeutic construction in target cells. Peptides - 
substrates for cathepsins taking part in cancer progression 
has been described in literature. Application of such 
peptides as biodegradable linkers let to release the 
therapeutic in transformed cells. Human serum albumin 
can be used as a carrier for drug delivery in tumor cells. 
Modification of albumin on sulfhydryl group of Cys-34 
permit to obtain bioconjugate of protein with the 
therapeutic. Antisense oligonucleotides have a wide 
application in molecular biology, it gives an opportunity to 
selective effect on gene expression. We propose such 
approach to delivery of antisense oligonucleotides to cells.  
Synthesis of peptides (AlaLeu)2Gly, (AlaLeu)2, (AlaLeu)3 
were carried out in solution using Boc-strategy. To obtain 
bifunctional compounds based on synthesized peptides 
different constructions has been suggested. The first 
variant is coupling of 4,9-dioxa-1,12-diaminododecane to 
the C-terminal of peptide and maleimide fragment to the N-
terminal. The second variant is to couple flexible amino 
linker with maleimide fragment to C-terminal without 
modification of peptide amino group. Different protection 
groups enabled us to choose more flexible approach for 
synthesis of bifunctional compounds.  
Available amino groups of obtained compounds let us to 
connect antisense oligonucleotide to N-terminal of 
peptides. Maleimide fragment in the synthesized peptide-
oligonucleotide conjugates permit us to form covalent bond 
to transport protein of blood. A fluorescent derivative of 
bifunctional compounds has been synthesized to verify 
substrate properties of obtained peptides.  
The structures of the target compounds were confirmed by 
NMR spectroscopy and mass spectrometry.  
The work was supported by integration project of SB RAS 
'-88, Carl Zeiss-2010, '-SC-3185.2010 and grant of RFBR 
09-04-01483-а. 
 
P428. Abstract number: 398 
Amino acids esters of acyclovir-synthesis and antiviral 
activity 
IG Stankova1, S Shichkov2

1South-West University '’Neofit Rilski’', BLAGOEVGRAD, 
Bulgaria 
2St. Kl. Ohridski Sofia University, Faculty of Biology , 
Laboratory of Virology, SOFIA 1164, Bulgaria 
Aciclovir-9-[(2-hydroxyethoxy)methyl]guanine (ACV), is 
active against HSV-1, HSV-2, VZV. Aciclovir is poorly 
water soluble and has poor oral bioavailability (10-20%). 
Several amino acid esters of acyclovir were developed to 
overcome this problem, valacyclovir, the valine ester of 
ACV, being among the first of this series of compounds 
that were readily metabolized upon oral administration to 
produce the antiviral nucleoside in vivo, thus increasing 

several times the bioavailility (three- to four- fold higher 
bioavailability of acyclovir).  
We synthesized and explored antiviral activity (HSV-1, 
HSV-2) of esters of acyclovir with 4-F-phenylalanine (R, S). 
The results showed that investigated compounds have the 
same antiviral activity as acyclovir, but significantly less 
cytotoxicity. The chemical stability of new esters of 
acyclovir was studied at pH 1.0 and 7.4 and 37°C. 
 
P429. Abstract number: 402 
Enhanced cellular uptake of recently used and in silico 
identified antituberculars by peptide conjugation 
K Horvati1, G Mezo1, N Szabó2, V Grolmusz3, F Hudecz1, 
S Bosze1

1Research Group of Peptide Chemistry, Hungarian 
Academy of Science, Eotvos L Univ, BUDAPEST, Hungary 
2Laboratory of Bacteriology, Corden International Kft, 
BUDAPEST, Hungary 
3Protein Information Technology Group, Dep. of Computer 
Science, Eötvös L Univ., BUDAPEST, Hungary 
Mycobacterium tuberculosis is a successful pathogen and 
it can survive in infected macrophages in dormant phase 
for over years and decades. The therapy of tuberculosis 
takes at least six months and the slow-growing bacterium 
is resistant to many antibiotics. The development of novel 
antimicrobials to counter the emergence of bacteria 
resistant to current therapies is urgently needed. In silico 
docking methods and structure-based drug design are 
useful bioinformatics tools for identifying new agents. The 
uptake of antituberculars by infected macrophages is 
limited by extracellular diffusion. The optimization of the 
cellular uptake by drug delivery systems can decrease the 
used dosages and the length of the therapy and it can also 
enhance the bioavailability of the drug molecules.  
Therefore functionally active and chemically characterized 
peptide based conjugates of izoniazid (INH) [1] and new, in 
silico identified drug candidates were synthesized. The in 
vitro antibacterial effect of the compounds was determined 
on M. tuberculosis H37Rv bacterial strain. To study the 
selectivity of the compounds the cytotoxicity was evaluated 
on human cells and cell lines. The cellular uptake of the 
conjugates was measured by flow cytometry and 
fluorescent microscopy. The conjugation of the TB5 
molecule to cationic peptide carriers dramatically enhanced 
the cellular uptake.  
NKFP_07_1-TB_INTER-HU; Hungarian Research Fund 
(T68358, T49814); GVOP-3.2.1-2004-04-0005/3.0; GVOP-
3.2.1-2004-04-0352/3.0.  
[1] Horváti, K., Mező, G., Szabó, N., Hudecz, F., Bősze, 
Sz.: Peptide conjugates of therapeutically used 
antitubercular isoniazid - design, synthesis and 
antimycobacterial effect. J. Peptide Sci. 2009. 15: p. 385-
391.  
 
P430. Abstract number: 405 
Across the skin barrier, a comparative transport study 
of a diketopiperazine-based shuttle. 
M. Teixido1, M Yousuf2, B Heather2, E Giralt1
1Institute for Research in Biomedicine, BARCELONA, 
Spain 
2Skin Deliv. Res. Group, CHIRI, School of Pharmacy, 
Curtin Univ. of Technology, BENTLEY, Australia 
Diketopiperazines (DKPs) are very common in nature; they 
have been isolated from a wide variety of natural sources, 
including marine sponges, lichens and herbs. DKPs have 
recently proved to be useful as blood-brain barrier shuttles 
[1,2]. Here we explored the capacity of these compounds 
to cross the human skin barrier and to carry therapeutically 
relevant small molecules.  
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First of all, we studied the human skin distribution and 
penetration of the DKP Phe-N-Me2Nal. Then, on the basis 
of the good results found, DKP-Diclofenac conjugate was 
prepared using solid-phase peptide synthesis. The 
conjugate was further studied in two skin models: a human 
skin in vitro assay and a parallel artificial membrane 
permeability skin assay (PAMPA-Skin) [3]. The results 
obtained and the two models are extensively discussed.  
[1] Teixidó, M.; Zurita, E.; Giralt, E. JACS 2007, 129, 
11802-11813.  
[2] E. Giralt, M. Teixidó. PCT/ES 2007/000499; 
WO/2008/025867.  
[3] Ottaviani, G.; Martel, S.; Carrupt, P.A. J. Med Chem. 
2006, 49, 3948-3954. 
 
P431. Abstract number: 408 
Homobivalent a-MSH derivatives for Melanoma 
Imaging: 99mTc(CO)3-Labeling and Biological 
Evaluation 
MM Morais, P D. Raposinho, J D.G. Correia, I Santos 
Instituto Tecnológico e Nuclear, SACAVÉM - PORTUGAL, 
Portugal 
Melanoma, the most aggressive form of skin cancer, has 
increased more rapidly than any other malignancy and 
became a major health issue in most western countries. 
Early detection of primary melanoma tumours is essential 
since the current treatments do not enhance substantially 
the patient survival once metastases have occurred. 
Therefore, development of new specific 
radiopharmaceuticals for imaging or therapy of melanoma 
is of paramount importance [1].  
Since most human and murine melanoma cells 
overexpress melanocortin type 1 receptor (MC1R), 
radiolabelled α-MSH (α-melanocyte stimulating hormone) 
analogs have been considered interesting tools for 
melanoma imaging or therapy [1,2]. We have radiolabelled 
linear and cyclic α-MSH analogs with fac-[99mTc(CO)3]+ and 
evaluated biologically their MC1R-targeting properties 
[3,4]. Based both on the encouraging results obtained with 
those monovalent ligands, and on the affinity enhancement 
expected for the MC1R using a multivalent approach, [5] 
we are now exploring the utility of multivalent α-MSH 
derivatives labeled with the same core. Herein, we will 
report on the synthesis and characterization of a novel 
homobivalent α-MSH derivative containing a pyrazolyl-
diamine chelating unit, as well as on the labeling of this 
derivative with 99mTc(I). We will also report in vivo studies 
with B16F1 melanoma cells and murine melanoma-bearing 
mice.  
[1] Y. Miao, T. Quinn, Crit. Rev. Oncol/Hematol. 2008, 67, 
213-228.  
[2] M. Schottelius, H.-J. Wester, Methods 2009, 48, 161-
177.  
[3] P. D. Raposinho, J. D. G. Correia, S. Alves, M. F. 
Botelho, A. C. Santos, I. Santos, Nucl. Med. Biol. 2008, 35, 
91-99  
[4] P. D. Raposinho, C. Xavier, J.D.G. Correia, S. Falcão, 
P. Gomes, I. Santos, J. Biol. Inorg. Chem. 2008, 13, 449 - 
459.  
[5] J. Vagner, H. L. Handl, R. J. Gillies, V. J. Hruby, Bioorg. 
Med. Chem. Lett. 2004, 14, 211-215.  
Maurício Morais acknowledges FCT for a PhD research 
grant (SFRH/BD/48066/2008).  
 
P432. Abstract number: 412 
Improved Tumor Imaging and Therapy with 
Radiolabeled PEGylated Bombesin Analogues 
E Garcia Garayoa1, S Daepp1, L Brans2, V Maes2, A 
Blanc1, O Gasser1, D Tourwé2, R Schibli1

1Paul Scherrer Institut, VILLIGEN, Switzerland 
2Vrije Universiteit, BRUSSELS, Belgium 
Bombesin(BN)-based radiopharmaceuticals are interesting 
molecules for imaging and therapy of tumors that 
overexpress gastrin-releasing peptide (GRP) or BN-2 
receptors, such as breast or prostate cancers. The main 
limitation of BN and BN analogues is their poor in vivo 
stability. PEG conjugation may help to prevent recognition 
and degradation by proteolytic enzymes and, in turn, 
prolong the in vivo half-life of peptides and proteins. 
Radiolabeled BN analogues often show important 
hepatobiliary excretion, which may obscure the detection of 
tumor lesions in the abdominal tract. PEGylation increases 
hydrophylicity and would contribute to improve the 
pharmacokinetics of BN analogues. New BN derivatives, 
conjugated to NαHis- or DOTA-chelator, were PEGylated, 
radiolabeled and tested in vitro in human prostate 
carcinoma PC-3 cells and in vivo in nude mice with PC-3 
tumor xenografts. Binding to GRP/BN-2 receptors in PC-3 
cells was very specific for all the labeled derivatives, 
although the PEGylated analogues showed slower binding 
kinetics. PEGylation increased the metabolic stability in 
vitro. The 99mTc-labeled PEG-BN analogue showed 
preferential renal excretion, much lower liver accumulation 
and a 3-fold decreased in colon uptake. Tumor uptake was 
higher and the visualization of the tumors by SPECT/CT 
clearer. The 67Ga-labeled PEG-BN analogue also showed 
a more favorable biodistribution compared to its 
unPEGylated counterpart. Finally, the tumor growth could 
be importantly inhibited with the 177Lu-labeled BN 
analogues, being the effect more pronounced for the 
PEGylated analogue than for the unPEGylated one 
(decrease in tumor growth of 80% and 60%, respectively, 
after three weeks).  
In conclusion, PEGylated BN analogues showed high 
binding affinity for GRP/BN-2 receptors and higher stability. 
PEGylation resulted in favorable biodistribution. The 
PEGylated analogues were preferentially excreted through 
the kidneys and their accumulation in the liver and 
gastrointestinal tract was significantly lower. The tumors 
were more clearly delineated by SPECT/CT with the 
PEGylated analogues, which also exhibited higher 
antitumor activity. Therefore, PEGylation proved to be 
effective in enhancing the potential of radiolabeled BN 
analogues for targeted imaging and therapy. 
 
P433. Abstract number: 481 
Development of drug delivery systems for targeted 
cancer chemotherapy based on GnRH antagonist and 
agonist peptides  
B Kapuvári1, B Vincze1, M Manea2, M Tejeda1, A Schulz1, 
J Tóvári1, D Gaál1, E Orbán3, I Szabó3, G Mezo3

1National Institute of Oncology, BUDAPEST, Hungary 
2University of Konstanz, Zukunftskolleg and Department of 
Analytical Chemistry, KONSTANZ, Germany 
3Research Group of Peptide Chemistry, Eötvös L 
University, BUDAPEST, Hungary 
Targeted cancer chemotherapy has been developed to 
overcome the drawbacks associated with the application of 
free anticancer drugs (i.e. lack of selectivity, toxic side 
effects, multidrug resistance of cancer cells). Tumor 
targeting is achieved by conjugating a chemotherapeutic 
agent to a targeting moiety which is directed to specific 
binding sites on cancer cells. Gonadotropin releasing 
hormone (GnRH) receptor expression was identified on 
different types of tumors, such as breast, ovarian, colon, 
endometrial, prostate, renal, brain, pancreatic, melanomas 
and non-Hodgkin’s lymphomas.  
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The aim of our work was to use GnRH agonist and 
antagonist peptides as targeting moieties for the 
attachment of anticancer drugs.  
Bioconjugates in which the chemotherapeutic agent 
daunorubicin (Dau) was attached through an oxime bond 
to the GnRH analogues MI-1892 (Ac-wxwSkD(LQPa-NH2)-
DEA, where x is D-p-chlorophenylalanine, DEA is 
diethylamide, and small letters mean D-amino acids) and 
GnRH-III (<EHWSHDWKPG-NH2, where <E is 
pyroglutamic acid) were prepared and their biological 
properties were investigated. Two different types of 
enzymatic cleavable tetrapeptide spacers (GFLG and 
YRRL) were incorporated between the drug and the 
targeting moiety.  
The stability/degradation of the bioconjugates was studied 
in human serum and rat liver lysosomal homogenates by 
liquid chromatography-mass spectrometry. The in vitro 
antitumor effect of the compounds was determined on 
MCF-7 (human breast) and HT-29 (human colon) cancer 
cell lines by MTT assay (IC50 values of the compounds on 
MCF-7 cell line were 1-5 µM and on HT-29 cells 10-20 µM) 
and their in vivo antitumor activity was evaluated on HT-29 
human colon carcinoma bearing SCID mice. GnRH-
III(Dau=Aoa) and GnRH-III(Dau=Aoa-GFLG) 
bioconjugates with 15 mg/kg Dau content had significant 
antitumor activity, (tumor growth inhibition: 41 % and 50 %, 
respectively); however, a higher daunorubicin content in 
bioconjugates (30 mg/kg) was also well tolerated.  
Our results indicate that GnRH analogue-daunorubicin 
oxime-linked bioconjugates represent a multivalent system 
which can be a potential drug delivery system for targeted 
cancer chemotherapy.  
This work was supported by grants from the Hungarian 
National Science Fund (OTKA NK 77485) and the Ministry 
of Health (GVOP-3.2.1.-2004-04-0005/3) and the 
Zukunftskolleg, University of Konstanz.  
 
P434. Abstract number: 482 
Miniprotein engineering of the knottin-like scaffold 
Min-23 - Fmoc-assisted synthesis and oxidative 
folding strategies 
FZ Zoller1, C Hauer2, A Markert1, U Haberkorn1, W Mier3

1DKFZ Heidelberg, HEIDELBERG, Germany 
2University of Heidelberg, HEIDELBERG, Germany 
3University Hospital Heidelberg, HEIDELBERG, Germany 
Owing to their high enzymatical and structural stability, 
miniproteins are ideal scaffolds for medical application as 
epitope binding motifs. Min-23 is a miniprotein derived form 
of the plant-occurring cyclotide ecballium elaterium trypsin 
inhibitor II (EETI-II). It is a rationally designed 23-mer 
peptide with a cystine-stabilised beta-sheet (CSB) motif 
incorporating three beta-sheets, one alpha helix and two 
disulfide bridges that frame an autonomous folding unit. 
The plasticity of the CSB motif is tolerant to multiple amino 
acid substitutions, which allows the integration of a 
randomized affinity function into the stably folded 
framework. These characteristics classify Min-23 as a 
peptide scaffold for lead generation for medial applications 
using in vitro display techniques. However, engineering of 
cystine-knotted miniproteins is a challenging process, 
which requires an efficient solid-phase syntheses and an 
oxidative folding strategy. 
Synthetic access to the primary structure of cystine-
stabilized knotted peptides was realized by Fmoc/tBu-
SPPS using a fully automated peptide synthesiser and 
dedicated amino acid building blocks. Simultaneous 
cleavage from the solid support and of the protecting 
groups was achieved by TFA-treatment. Disulfide 
formation was performed using a simultaneous or a 

consecutive oxidative folding strategy. Analysis and 
characterization of the SPPS-derived peptides and 
monitoring of the disulfide formation were achieved by 
HPLC-ESI-MS. 
The first solid phase peptide syntheses of Min-23 showed 
a high aggregation during the chain elongation within the 
helical section and aspartimide formation. These 
drawbacks were overcome using specific pseudoproline 
building blocks. The simultaneous formation of two 
disulfide bridges was achieved by oxidation in a DMSO-
free, buffered solution in less then 24 hours. Using an 
orthogonal protecting group technique, Min-23 could be 
folded in different desired conformations. This synthesis 
strategy is used for the synthesis of peptide motifs 
identified by phage and ribosome display screening. 
 
P435. Abstract number: 525 
Synthesis and application of peptide bioconjugates for 
diagnosis of M. tuberculosis infection 
F. Hudecz1, S Bosze2, K Horváti2, N Caccamo3, F Dieli3, S 
Egerszegi4
1Eötvös L. University, Deparment of Organic Chemistry, 
BUDAPEST, Hungary 
2Research Group of Peptide Chemistry, Eötvös L. 
University, BUDAPEST, Hungary 
3Department of Biopathology, University of Palermo, 
PALERMO, Italy 
4Hospital Uzsoki, BUDAPEST, Hungary 
Szilvia Bőszea, Kata Horvátia, Nadia Caccamob, 
Francesco Dielib, Sándor Egerszegic, Hudecz Ferenca 
Synthetic peptides comprising linear or continuous 
topographic epitope sequences of proteins are frequently 
considered as specific and small size antigens. However, it 
has been demonstrated that short peptides corresponding 
to the core of the T-cell epitope could possess only limited 
capability to induce specific T-cell responses. One of the 
promising approaches to maximize immunoreactivity could 
be the attachment of optimized epitope in multiple copies 
to oligo- or polypeptide carriers. Therefore it is important to 
develop rational chemical strategies for preparation of 
epitope-conjugates with preserved immunospecificity. In 
order to study systematically the role of spacial 
arrangement we have prepared peptide epitope-
conjugates with diverse topology like linear, branched, 
dendrimeric. Our data show that immunorecognition of the 
epitope could be markedly influenced by the carrier 
structure and topology. In comparative studies we have 
studied the T-cell response properties of these 
bioconjugates containing oligopeptides representing an 
immunodominant epitope domain of the 38 kDa (Rv0934) 
and of 16 kDa protein (Hsp16.3, acr1, Rv2031c) of M. 
tuberculosis. For functional studies PBMC from healthy 
PPD positive and negative donors as well as treated/non-
treated patients with active tuberculosis were stimulated 
and changes in T-cell proliferation and IFN-� production 
were measured. We found that the chemical nature of the 
carrier, the form of epitope presentation have marked 
effects on the T-cell responses detected.  
These studies were supported by grants of Hungarian 
Research Fund (K 68285, K68358), GVOP (GVOP-3.2.1 - 
2004 - 04 -0352/3.0, 3.2.1 - 2004-04-0005/3.0), of National 
Office for Research and Technology (NKFP_07_1-
TB_INTER) and by Italian-Hungarian Intergovernmental 
Programme (I-51/2003) 
 
P436. Abstract number: 535 
Synthesis and characterization of novel dipeptide 
ester of acyclovir 
IG Stankova1, S Shichkov2, M Schmidtke3, I Stoineva4
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1South-West University '’Neofit Rilski’', BLAGOEVGRAD, 
Bulgaria 
2St. Kl. Ohridski Sofia University, Faculty of Biology , 
Laboratory of Virology, SOFIA, Bulgaria 
3Jena University Hospital, School of Medicine, Department 
of Virology and Antivir, JENA, Germany 
4Institute of organic chemistry with centre of 
phytochemistry, SOFIA, Bulgaria 
Two dipeptide (Ile-Pro,Val-Pro) ester prodrugs of 9-[(2-
hydroxyethoxy)methyl]guanine (acyclovir, ACV) were 
synthesized. LC/MS was used to characterize the new 
prodrugs. Both 1H NMR and 13C NMR spectra of the two 
prodrugs of ACV were measured and assigned based on 
spectral comparison with compounds of similar structures.  
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P437. Abstract number: 4 
Nonopioid beta-endorphin receptor: myth or reality 
V Navolotskaya, N Nekrasova, B Sadovnikov 
Branch of Shemyakin and Ovchinnikov Institute of 
Bioorganic Chemistry of the Rus, PUSHCHINO, 
MOSCOW REGION, Russia 
Even early in the 80s of the last century, the investigators 
noticed that the effect of β-endorphin on immunocompetent 
cells does not depend in some cases on the presence of 
naloxone and hence is not mediated via opioid receptors. 
Nonopioid receptor for β-endorphin on human cultured 
lymphocytes was discovered by E.Hazum more than 30 
years ago. We synthesized a selective agonist of nonopioid 
β-endorphin receptor decapeptide immunorphin 
(SLTCLVKGFY). [3H]Immunorphin was found to bind to 
nonopioid β-endorphin receptor of mouse peritoneal 
macrophages (Kd = 2.0 ± 0.1 nM). The [3H]immunorphin 
specific binding with macrophages was inhibited by 
unlabeled β-endorphin (Ki = 2.9 ± 0.2 nM) and was not 
inhibited by unlabeled naloxone, α-endorphin, γ-endorphin 
and [Met5]enkephalin (Ki > 10 mM). Thirty fragments of β-
endorphin have been synthesized and their ability to inhibit 
the [3H]immunorphin specific binding to macrophages was 
studied. Unlabeled fragment 12-19 (TPLVTLFK, the 
author’s name of the peptide octarphin) was found to be 
the shortest peptide possessing practically the same 
inhibitory activity as β-endorphin (Ki = 3.1 ± 0.3 nM). The 
peptide octarphin was labeled with tritium (the specific 
activity of 28 Ci/mmol). [3H]Octarphin was found to bind to 
macrophages with high affinity (Kd = 2.3 ± 0.2 nM). The 
specific binding of [3H]octarphin was inhibited by unlabeled 
immunorphin and β-endorphin (Ki = 2.4 ± 0.2 and 2.7 ± 0.2 
nM, respectively). Octarphin was shown to stimulate 
activity of murine immunocompetent cells in vitro and in 
vivo: at the concentration of 1-10 nM enhanced the 
adhesion and spreading of peritoneal macrophages as well 
as their capacity to digest bacteria of Salmonella 
typhimurium virulent strain 415 in vitro; peptide 
administered intraperitoneally at dose 20 g/animal on day 
7, 3 and 1 prior to the isolation of cells increased activity of 
peritoneal macrophages as well as T- and B-spleen 
lymphocytes. 
 
P438. Abstract number: 142 
The second extracellular loop of the angiotensin 
receptor AT1 contains an a helix homologous to the β-
adrenoceptors 
E Escher, D Fillion, J Cabana, R Leduc, G Guillemette, P 
Lavigne 
Department of Pharmacology, Université de Sherbrooke, 
SHERBROOKE QC, Canada 
In most crystallographically determined 7TM receptor 
structures some ectodomains of the functionally important 
extracellular surface (ECS) are not completely resolved. 
Here, we used an exhaustive methionine proximity assay 
(MPA) to identify ECS residues of the angiotensin II type 1 
(AT1) receptor that are in close proximity to the N-terminus 
portion of receptor-bound octapeptide angiotensin II 
(AngII). We identified 38 ligand/receptor contact residues 
that compose the binding environment of the AT1 receptor 
for the N-terminal part of AngII. These contacts are in 
addition to the MPA-derived 12 contacts of the C-terminal 
residue and the 3 found for residue 7 of AngII. Due to its 
more favourable structure-activity profile the receptor 
mutant N111G-hAT1 was used for this study. The obtained 
set of 58 ligand-receptor contacts allowed for the 
experimentally-based docking of the AngII molecule in a 
liganded AT1 receptor homology model. The resulting 
molecular structure provides a comprehensive view of the 

AngII-liganded AT1 receptor complex. In particular, the 
extracellular loop (ECL) 2 features an a-helix similar to 
those observed in the β-adrenoceptor crystal structures 
and which is in close contact to residue 3 of Ang II. The 
here presented finding on the AT1 receptor adds therefore 
considerable weight to the proposed hypothesis that an 
ECL 2 helix is a common feature of 7TM receptors that 
respond to diffusible ligands. 
 
P439. Abstract number: 281 
New Socs1-Kir Mimetic Peptides Through The 
Screening Of Focused Symplified Combinatorial 
Libraries 
D M Marasco1, N Doti2, P Scognamiglio1, S Madonna3, M 
Ruvo2, C Pedone1, C Albanesi3
1University of Naples, NAPOLI, Italy 
2IBB-CNR, NAPOLI, Italy 
3IDI, ROMA, Italy 
Suppressor Of Cytokine Signalling (SOCS) proteins are 
negative feedback regulators of several pathways involved 
in immune response, particularly the JAK/STAT (Janus 
kinase/Signal Transducer and Activator of Transcription) 
[1]. Usually their basal levels are low, but they can be 
selectively induced by cytokines, such as IFNγ. SOCS1 
inhibits IFNγ signalling for its capacity to bind and 
inactivate JAK2 protein and consequently to block the 
IFNγ-induced tyrosine phosphorylation of IFNγ receptor 
(IFNγR) and STAT1 activation. It has been demonstrated 
that keratinocytes avoid the detrimental consequences of 
an excessive stimulation by IFN-γ over-expressing SOCS1 
thus hindering the expression of many pro-inflammatory 
genes, including those involved in skin diseases, such as 
psoriasis and allergic contact dermatitis (ACD) [2]. A three-
dimensional model of the complex between SOCS-1 and 
JAK2 [3] shows that the Kinase Inhibitory Region (KIR) of 
SOCS-1 protrudes towards the catalytic region of JAK2 
and occupies the ATP binding site. Here we present new 
peptides mimicking KIR-SOCS-1 binding activity identified 
through an ELISA-based screening of a focused simplified 
combinatorial peptide library [4]. On the basis of an Ala-
scanning investigation we have firstly restricted KIR 
domain (52-67) to a shorter region (52-61) improving 
binding affinity, then several positions within this sequence 
have been randomized leading to the selection of new and 
more potent ligands as antagonists of SOCS-1. These new 
mimetics bind to JAK2 catalytic site (both in 
phosphorylated and non-phosphorylated form) in a dose 
dependent manner providing KD values in the high 
nanomolar range that are 15-fold lower respect to w-t KIR. 
Cellular experiments on STAT1 activation signaling 
suggest their potential application as modulators of 
disorders involving SOCSs overexpression.  
1. Yoshimura A., et al. 2007. Nature Rev. Imm., 7:454  
2. Giordanetto F. et al. 2003. Protein Engineering, 
16(2):115  
3. Albanesi C., et al. 2005. Curr. Drug Targets Inflamm. 
Allergy, 4(3):329  
4. Marasco D. et al. 2008. Curr Protein Pept Sci. 
Oct;9(5):447. 
 
P440. Abstract number: 487 
Molecular Dynamics Simulations of the Angiotensin-II 
Type 1 Receptor and its N1111G CAM 
J.C. Cabana, R Leduc, E Escher, G Guillemette, P Lavigne 
Université de Sherbrooke, SHERBROOKE, Canada 
The angiotensin-II type 1 receptor (AT1-R) is a family-A 
GPCR implicated in the regulation of water retention and 
blood pressure. Recent results obtained from MPA 
(methionine proximity assay) and SCAM (substituted-
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cysteine affinity method) experiments provided information 
on residues present in the binding pockets of the wild-type 
receptor (AT1R-WT) and its constitutively active N111G 
mutant (AT1R-N111G). Those results indicate the 
existence of a conformational change between the two 
binding pockets and the two receptors. Characterization of 
this structural change is of the utmost importance to 
understand constitutive activation of the N111G mutant. 
This structural change has been investigated by molecular 
dynamics (MD) simulations. The AT1 receptor was 
modelled by homology using the family-A GPCRs crystal 
structures. MD simulations of the receptors inserted into an 
hydrated bilipidic membrane were performed with 
GROMACS. Temperature equilibration was performed for 
100ps, followed by a 2ns pressure equilibration. The MD 
simulations were 21ns in length. Several differences are 
observed between the WT and N111G receptor. Notably, a 
stable H-bonds network is observed between residues 
N111 of transmembrane domain 3 (TMD3), D74 (TMD2), 
and N295 (TMD7) in the WT receptor. This network is likely 
stabilizing the inactive state of the receptor. In the 
constitutively active mutant, the H-bonds network between 
TMD 2, 3 and 7 is destabilized and a new residue is 
needed to compensate for the loss of N111 in the 
stabilization of D74. Two alternate configurations of the 
network have been observed : either with S115 (TMD3) or 
N46 (TMD1) completing the D74-N295 network. SCAM 
results suggest that N46 is the most likely candidate, but 
the fact that S115 can reach that area of the receptor 
shows that TMD3 can move more freely in AT1R-N111G 
than in AT1R-WT due to the loss of stabilization by the 
N111-D74-N295 H-bonds network. Formation of the N46-
D74-N295 network in AT1R-N111G is associated with the 
formation of an H-bond between R126 (TMD3) of the DRY 
motif and Y215 (TMD5) at the intracellular part of the 
receptor. Litterature suggests that this interaction is linked 
with the coupling of the alpha sub-unit of the G-protein to 
the receptor. We therefore propose that the improved 
mobility of TMD3 caused by the destabilization of the 
N111-D74-N295 network contributes to the constitutive 
activity of the N111G mutant by facilitating the coupling of 
the receptor with the G-protein. 
 
 
 
P441. Abstract number: 543 
The influence of opioids on matrix metalloproteinase-2 
and -9 secretion and mRNA levels in MCF-7 breast 
cancer cell line 
GK Gach1, J Szemraj2, A Wyrebska3, A Janecka3

1Medical University of Lodz, LODZ, Poland 
2Department of Biochemistry, Medical University of Lodz, 
LODZ, Poland 
3Department of Biomolecular Chemistry, Medical University 
of Lodz, LODZ, Poland 
The main cause of failure in cancer treatment is not due to 
growth of the primary tumor but results from its intensive 
spread (metastasis) to secondary sites. The critical step of 
cancer dissemination is migration of cancer cells through 
the extracellular matrix. Indispensable in this process is the 
activation of proteolytic enzymes capable of degrading the 
extracellular matrix. The key proteases that are involved in 
this process are matrix metalloproteinases MMP-2 and 
MMP-9. Several studies have shown that MMP expression 
and activity are increased in several tumor types, 
especially breast and lung cancer.  
Opioids are often administered to cancer patients in order 
to relieve pain. This study was designed to test the effect of 
morphine and endomorphin-2 (EM-2) on MMP-2 and 

MMP-9 secretion and expression levels in MCF-7 breast 
adenocarcinoma cells, expressing  opioid receptor.  
The obtained results demonstrate that morphine and EM-2 
decrease the expression and secretion levels of MMP-2 
and MMP-9 in the time- and concentration-dependant 
manner. However, attenuation of MMP secretion by both 
opioids was not influenced by opioid antagonist naloxone, 
indicating that opioid receptors were not involved in the 
process. This may be explained by other mechanisms, for 
example by the interaction of opioids with some 
intracellular molecules, such as nitric oxide (NO). NO is a 
multifunctional messenger molecule generated from 
arginine by a family of NO synthases (NOS) . It was shown 
that production of NO by tumor cells can enhance the 
angiogenetic and metastatic potential of tumors. Our 
further experiments showed that morphine and EM-2 
inhibited the expression of NOS and secretion of NO, 
which suggests that opioids exerted their inhibitory effect 
on MMP-2 and MMP-9 by modulation of NO/NOS system.  
Down-regulation of MMP secretion by not only morphine 
but also EM-2 suggests that administration of EM analogs 
with improved pharmacological profile and reduced 
addictive potential may open new possibilities in cancer 
research and should be further tested on experimental 
animals.  
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P442. Abstract number: 18 
Utilization of enzymes from the red king crab 
hepatopancreas to obtain protein-hydrolyzate of cow 
milk  
A. Mukhin1, E Trukhacheva2, Yu. Novikov1

1Polar Research Institute of Marine Fisheries and 
Oceanography (PINRO), MURMANSK, Russia 
2Murmansk State Technical University, MURMANSK, 
Russia 
The paper presents comparative analysis of molecular-
weight distribution of peptide fractions in hydrolyzates of 
cow milk protein concentrate derived by proteolysis using 
enzymatic agents ''Flavourenzyme'', ''Pancreatin'' and an 
enzymatic agent from the red king crab hepatopancreas. 
Suitability of these hydrolyzates as complexing agents with 
essential microelements was estimated. Formation of 
microelement complexes, containing peptides with 
molecular weight of 1,4 kD - 11,2 kD and obtained by 
proteolysis of cow milk protein concentrate using an 
enzymatic agent from the red king crab hepatopancreas, is 
potentially of the highest value.  
Waste from fishery and processing of marine invertebrates 
are used partly, mainly as feed for fur-bearing animals. 
However, its weight can comprise up to 90 % of a catch.  
Sufficient quantity of these raw materials as well as the 
possibility to use them as sources of enzymes open new 
prospects for their application. We demonstrated earlier 
how these enzymatic agents can be used to derive protein 
hydrolyzates for different purposes.  
Nowadays development of new organic forms of digestible 
essential cationic microelements (EM), such as 
manganese, zinc, copper and chromium, is an acute 
problem in medicine, particularly in dietology. One of the 
ways to solve this problem is to conjugate essential 
cationic microelements with peptide structures which are 
formed as a result of enzymic hydrolysis of alimentary 
proteins.  
The efficiency of binding EM by enzymolyzate and, 
respectively, the content of these microelements in the 
complex are mostly dependent on fractional composition of 
the latter. On the other hand, molecular-weight distribution 
of peptide fractions and the content of free amino acids in 
enzymolyzate are related to many factors (pH-medium, 
temperature, duration of enzymolysis and others), but 
mainly affinity of effects the used enzymatic agents have.  
In this connection it is very important to choose an 
appropriate enzymatic agent with proteolytic activity.  
The aim of the paper is to present comparative analysis of 
molecular-weight distribution of peptide fractions in 
hydrolyzates of cow milk protein concentrate derived by 
proteolysis using different enzymatic agents, particularly 
enzymes of marine origin as well as to estimate suitability 
of obtained hydrolyzates as complexing agents with 
essential microelements. 
 
P443. Abstract number: 19 
Isovaline-containing peptides: configurational 
assignment using 2D-NMR spectroscopy 
MDZ De Zotti1, E. Schievano1, S. Mammi1, B Kaptein2, QB 
Broxterman2, S.B. Singh3, H. Brueckner4, C Toniolo1

1Department of Chemistry, University of Padova, 
PADOVA, Italy 
2DSM Innovative Synthesis BV, GELEEN, The 
Netherlands 
3Medicinal Chemistry, Merck Research Laboratories, 
WEST POINT, PA, United States of America 
4Department of Food Sciences, University of Giessen, 
GIESSEN, Germany 

By 2D-NMR we investigated the naturally occurring and 
chemically synthesized 16-mer integramides A and B, 
belonging to a group of bioactive, fungal peptides 
(peptaibiotics) that are characterized by an abundance of 
Aib as well as D- and L-Iva residues. The chemical shifts of 
the Cα-alkyl groups in the Iva enantiomers depend on the 
α-carbon chirality and on the helical screw sense of the 
peptides, the latter determined by CD. In the full-length, 
right-handed helical, integramides, as well as in the partial 
sequences exploited for their total chemical syntheses, the 
γ-methyl protons of the ethyl side chain of the D-Iva 
residues located near the C-terminus are significantly more 
shielded (δ <0.90 ppm) than those of the L-Iva residues (δ 
>0.95 ppm). The opposite behavior is observed for the left-
handed, synthetic, intermediate Z-Aib-L-Hyp-L-Iva14-D-
Iva15-OtBu. Here, the γ-methyl protons of L-Iva14 are more 
shielded (0.838 ppm) than those of D-Iva15 (0.905 ppm). 
The chemical shift difference between the diastereotopic β-
methylene protons of the Iva side chains in the right-
handed helical peptides is much larger for D-Iva than for L-
Iva. For D-Iva14/15, the values range from 0.38 to 0.63 ppm, 
whereas for D-Iva1 the value is between 0.26 and 0.31 
ppm. In each case, the difference is always larger for the 
D-Iva than for the L-Iva residues (which is always ≤ 0.19 
ppm). Again, an opposite behavior is seen for the left-
handed tetrapeptide. Overall, our method enables the non-
destructive assignment of the configuration of each Iva 
residue in peptides of known helical screw sense. 
 
P444. Abstract number: 25 
Molecular modeling of novel GnRH analogues using 
NMR spectroscopy and relation with their anti-cancer 
activities 
F Tahoori1, M Erfani moghaddam2, A Arabanian1, S 
Balalaie1

1K. N. Toosi university of technology, TEHRAN, Iran 
2Tarbiat modares university, TEHRAN, Iran 
Gonadotropin Releasing Hormone (pGlu-His-Trp-Ser-Tyr-
Gly-Leu- Arg-Pro-Gly-NH2, GnRH) plays a significant role 
in the controlling of gonadotropins and steroids hormones. 
Considerable effort has been developed to the synthesis of 
peptide mimetic structures to overcome the unfavorable 
properties and also therapeutic deficiencies of peptides.  
In a continuation of our research work for the synthesis of 
pharmaceutical peptides, and in order to study the effect of 
modification in triptorelin acetate structure, some of new 
triptorelin analogues were designed, and synthesized via 
an efficient Ugi-4MCR. The anti-cancer activity of 
analogues were studied. They showed better anti-cancer 
activity compared to triptorelin acetate.  
Herein, we wish to report the relationship between 
structure and activity of these novel compounds using 
conformational analysis and NMR spectroscopy.The NMR 
studies reveal that GnRH has flexible conformation.  
However, it seems that in the solution phase, a turn 
conformation of triptorelin analogues were occurred and 
this was supported by computational analysis data.  
Results show that the inhibitory effect of GnRH analogues 
on the cancer cells depends on the nature of the 
substituent structure.  
Our data about the structure of these GnRH analogues 
using NMR spectroscopy will be described. 
 
P445. Abstract number: 26 
Synthesis of Novel Peptides Containing unusual 
Gamma amino acids and Investigation of their 
Nanostructures 
B Talaei, S Balalaie, A Arabanian 
K.N. Toosi university of technology, TEHRAN, Iran 
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The design of molecular building blocks that can self-
assemble is an interesting task in multidisciplinary research 
work. Dipeptide FF and some of its derivatives shows 
nanostructure and biological activities. Gazit and his 
colleagues revealed that existence of aromatic residues 
provide p-p interactions and it may play a significant role in 
the molecular recognition and self-assembly processes 
that lead to amyloid formation. Gabapentin as a Gamma 
amino acid has considerable interest for its unique ability 
for the increasing the peptide crystallinity.  
We wish to report, herein the synthesis of some tri-and 
tetra-peptides using Phenylalanine, Gabapentin and 
Baclofen as starting amino acids with different sequences.  
All of the desired peptides were synthesized in solution 
phase and using TBTU as coupling reagent. It seems that 
the existence of additional aryl group in Baclofen in the 
final tri- or tetra- peptide could affect the p-p stacking of the 
aryl groups. The results will be described. 
 
P446. Abstract number: 49 
Structural control of diastereomeric Leu-Leu-Aib-Leu-
Leu-Aib sequences 
YD Demizu1, M Doi2, Y Sato1, M Tanaka3, H Okuda1, M 
Kurihara1

1National Institute of Health Sciences, TOKYO, Japan 
2Osaka University of Pharmaceutical Sciences, OSAKA, 
Japan 
3Graduate School of Biomedical Sciences, Nagasaki 
University, NAGASAKI, Japan 
The design of peptides, which are folded well-defined 
secondary structures, is crucially important in a wide 
variety of fields such as organic chemistry, biological, and 
material sciences. The approach to control the 
conformations of peptides have been made, and we have 
studied the conformation of peptides composed of α,α-
disubstituted α-amino acids in order to achieve this. We 
have recently reported the attachment of Aib residues at 
the L-leucine-based hexapeptide (L-Leu-L-Leu-Aib-L-Leu-
L-Leu-Aib) stabilized a right-handed 310-helical structure. 
Herein, we designed and synthesized three diastereomeric 
peptides; Boc-L-Leu-L-Leu-Aib-D-Leu-D-Leu-Aib-OMe (1), 
Boc-L-Leu-D-Leu-Aib-L-Leu-D-Leu-Aib-OMe (2), and Boc-
L-Leu-D-Leu-Aib-D-Leu-L-Leu-Aib-OMe (3), and studied 
their preferred conformations in the crystalline state. The 
crystals of the three peptides were characterized by the X-
ray crystallographic analysis, and the dominant 
conformation of peptide 1 was a left-handed 310-helical 
structure, that of 2 was a β-turn structure, and that of 3 was 
an S-type turn structure, respectively.  
Ref. Y. Demizu, N. Yamagata, Y. Sato, M. Doi, M. Tanaka, 
H. Okuda, M. Kurihara, J. Pept. Sci. 2010, 16, 153”'158; M. 
Oba, Y. Demizu, N. Yamagata, Y. Sato, M. Doi, M. 
Tanaka, H. Suemune, H. Okuda, M. Kurihara, Tetrahedron 
2010, 66, 2293”'2296; Y. Demizu, M. Tanaka, M. Nagano, 
M. Kurihara, M. Doi, T. Maruyama, H. Suemune, Chem. 
Pharm. Bull. 2007, 55, 840”'842.  
 
P447. Abstract number: 64 
Optical spectroscopy and conformational analysis of 
peptide aggregates: the role of aromatic interactions 
and conformational flexibility 
C. Toniolo1, M. Caruso2, G. Bocchinfuso2, E. Gatto2, A. 
Palleschi2, L. Stella2, F. Formaggio1, M. Venanzi2
1Department of Chemistry, University of Padova, 
PADOVA, Italy 
2Department of Chemical Sciences and Technologies, 
University of „Tor Vergata„, ROME, Italy 
Elucidating the self-assembly mechanism of peptides is of 
fundamental importance for therapeutic reasons (e.g., 

Alzheimer and Creutzfeld-Jacob diseases) and the 
development of new peptide-based materials (hydrogels, 
fibrils, nanotubes). Experimental evidence indicates that 
peptide aggregation is mainly driven by hydrophobic 
interactions, where aromatic residues play a specific role. 
Conformational effects were often claimed to be of 
secondary importance and conformational disorder was 
even suggested to be a prerequisite for fibrillization. To 
tackle this important issue more deeply, the aggregation 
propensities of oligopeptides functionalized with aromatic 
groups, <ie. naphthyl (N) or pyrenyl (Py) units, and 
characterized by differing conformational properties were 
investigated in solution by optical spectroscopy methods 
and theoretical conformational analysis. In particular, our 
results concerning two different peptide systems will be 
presented: i) Peptide foldamers comprising exclusively Cα-
tetrasubstituted amino acids [(Aib)nN, with n = 6,12,15]. In 
this case, the extensive use of conformationally-
constrained residues forced the oligopeptide to attain a 
rigid helical structure, that in turn governed the morphology 
of the peptide aggregates. Formation of J- and H-
aggregates in methanol and water/methanol solutions was 
thoroughly investigated by steady-state and time-resolved 
fluorescence, optical microscopy and non-linear 
spectroscopy techniques. Specifically, we focused on the 
dependence of the aggregation properties on peptide 
length and secondary structure. (ii) Two Ala-based 
pentapeptides [Py-CH2-CO-(L-Ala)5-OtBu and Py-CH2-CO-
(L-Ala)3-Aib-L-Ala-OtBu], both N-functionalized with the Py 
fluorophore. It will be shown that a single Aib vs. Ala 
substitution changed dramatically the aggregation 
propensities of the peptide investigated, strongly perturbing 
the conformation and dynamics of the monomeric peptide 
molecules, and determining the morphology of the 
aggregates. We emphasize that only the combined 
application of spectroscopic techniques (CD, fluorescence, 
FTIR absorption), optical and atomic force microscopies, 
and molecular dynamics simulations allowed us to 
characterize in detail the structural and dynamical factors 
governing the formation and stability of the peptide 
aggregates investigated. 
 
P448. Abstract number: 65 
Mapping charge delocalization in a peptide chain 
triggered by oxidation of a terminal ferrocene moiety 
A. Moretto, V. Marcuzzo, A. Donoli, R. Cardena, C. 
Toniolo, S. Santi 
Department of Chemistry, University of Padova, PADOVA, 
Italy 
Electron transfer is one of the most relevant processes in 
chemistry and biology. Long-range electron transfer (ET) 
through proteins and enzymes is a fundamental step for all 
living organism. The spatial organization of the electron 
donor and electron acceptor in peptides and proteins, as 
well as the dynamics of the ET between them, critically 
depends on the structure-directing and charge-transmitting 
properties of H-bonds. ET through helices has attracted 
much attention because their parallel assemblies are 
universal motifs found in biological ET systems. In this 
connection, two series of peptides of different length and 
rigidity, based on the strongly helicogenic α-
aminoisobutyric acid (Aib) residue and containing a 
terminal ferrocene (Fc) unit, Fc-CO-(Aib)n-OMe (An, n = 1-
5) and Z-(Aib)n-NH-Fc (Bn, n = 1-5), were prepared and 
investigated. We utilized the oxidation-state sensitive, 
spectroscopic tags of peptides, the CO and NH groups, to 
map charge delocalization triggered by oxidation of the 
terminal ferrocene, induced and monitored by Vis-IR-NIR 
spectroelectrochemistry. The rigid and well-defined 310-
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helical structure of (Aib)n homo-peptides is advantageous 
for the study of the distance dependence of charge 
delocalization. The orientation of the carbonyl groups in the 
310-helix produces a dipole with the positive end at the N-
terminus and the negative end at the C-terminus. Thus, the 
An and Bn peptides series are characterized by an 
opposite-direction macrodipole towards the redox Fc/Fc+ 
probe. The effect of the different orientation of the dipole 
moment (the latter increasing with the number of Aib 
residues in the backbone), was investigated by means of 
electrochemical and spectroscopic techniques. The 
oxidation potential dramatically depends on the dipole 
direction and the number of Aib units (the latter tuning 
intramolecular H-bond formation). Moreover, the 
dependence of current intensity on peptide length was also 
explored. Finally, the shift and pattern of the CO and NH 
vibrations upon oxidation were used for mapping charge 
delocalization in the peptide chains, and estimating efficacy 
and time scale of intramolecular ET. 
 
P449. Abstract number: 68 
Paternò-Young photocyclization reaction in Bpa/Met 3-
10-helical peptides: role of spacer length 
A. Moretto, A. Cupani, F. Formaggio, C. Toniolo 
Department of Chemistry, University of Padova, PADOVA, 
Italy 
The 3-(4-benzoylphenyl)alanyl (Bpa) residue is extensively 
used as a photoaffinity label, particularly for studies of 
intermolecular (peptide)ligand-receptor(protein) interaction, 
where it is believed to most frequently remove a hydrogen 
atom from the side chain of a Met residue followed by 
covalent C-C bond formation of the resulting radical pair. 
We are currently carrying out an extensive and detailed 
investigation of this Paternò-Young intramolecular 
photochemical reaction in a series of backbone rigidified, 
310-helical hexapeptides of general sequences Boc-
UxBUyMUz-OMe and Boc-UxMUyBUz-OMe, where B=(S)-
Bpa, U=Aib, M=(S)-Met, and Ux+ Uy+ Uz=4. We aim at 
determining the effects induced by the spacer length 
(Uy=0-3) on the chemical and 3D-structures of the resulting 
products and their ratios. We have already reported our 
results for the UBU2MU hexapeptide substrate (1). Here, 
we describe our recent FT-IR absorption and NMR data on 
the conformational analyses of other four linear 
hexapeptides, which support the view of the onset of stable 
310-helical structures for these substrates. Moreover, we 
demonstrate the significant effects on the isomeric product 
ratios, and the region- and stereospecificities of the 
photocyclization reactions played by the distance and 
relative orientation of the Bpa/Met side chains, and their 
parallel vs. antiparallel alignment with the peptide helical 
axis.  
Moretto, A.; Crisma, M.; Formaggio, F.; Huck, L. A.; 
Mangion, D.; Leigh, W. J.; Toniolo C. Chem. Eur. J. 15 
(2009) 67-70. 
 
P450. Abstract number: 69 
Experimental and theoretical spectroscopy study of 3-
10-helical peptides using isotopic labeling 
C. Toniolo1, A. Lakhani2, A. Roy2, M. Nakaema2, M. De 
Poli1, F. Formaggio1, T. A. Keiderling2

1Department of Chemistry, University of Padova, 
PADOVA, Italy 
2Department of Chemistry, University of Illinois at Chicago, 
CHICAGO, United States of America 
Experimental and theoretical studies of IR absorption, 
VCD, and Raman spectra have been performed on 310-
helical peptides with two different main-chain lengths: 
hexapeptides (iPrCO-Aib-L-Ala-Aib-L-Ala-L-Ala-Aib-NHiPr) 

and octapeptides (Ac-Aib-L-Ala-Aib-L-Ala-L-Ala-Aib-Aib-
Aib-OMe). These peptides are based on isotopic labeling 
(13C=O) of the L-Ala residue on the following positions: A4 
and A5, (single labeled); A4A5, A2A4 and A2A5 (double 
labeled) for the hexapeptide, and A4A5 for the octapeptide. 
Aib favors the 310-helix due to restriction of the backbone 
(φ,ψ) torsion angles by its α-carbon tetrasubstitution. 
Theoretical IR absorption, VCD, and Raman simulations 
were performed on sequences identical to the synthesized 
ones with φ, ψ torsion angles constrained to an ideal 310-
helical geometry (-60°, -30°), but with all the other 
coordinates fully optimized. All calculations were performed 
for peptides in vacuo using the DTF BPW91/6-31G* levels 
of theory. The simulations predicted the conformational 
dependence of the relative separations of 13C=O and 
12C=O features, and the exciton splitting of the 13C=O band 
in the doubly labeled species to be in agreement with those 
seen experimentally, with the exception that fraying at the 
N- and C-termini causing a change in diagonal force field 
are not well represented in the theoretical modeling. 
Experimental spectra for the octapeptide (A4A5) confirmed 
the source of deviation for the related hexapeptides. 
Comparison of IR absorption and VCD intensity patterns 
helped sort out the vibrational coupling constants sensed in 
the 13C=O modes. The isotopic labeled group vibrations 
are coupled to each other most strongly when they are 
degenerate and are effectively uncoupled from those of the 
unlabeled groups. 
 
P451. Abstract number: 166 
Systematic design and screening of immune 
modulating innate defence regulator peptides 
H Jenssen1, J Kindrachuk2, M Elliott2, M Waldbrook2, K 
Hilpert3, C Fjell2, REW Hancock2

1Roskilde University, ROSKILDE, Denmark 
2University of British Columbia, VANCOUVER, Canada 
3Karlsruhe Institute of Technology, KARLSRUHE, 
Germany 
With the rapid rise in the incidence of multi-drug resistant 
infections, there is substantial interest in utilizing natural 
host defence peptides as templates for the development of 
novel anti-infective therapeutics. Previously, we reported 
that the synthetic peptide innate defence regulator peptide-
1 (IDR-1) confers protection to bacterial infection in vivo 
through modulation of host immunity. As the design of 
IDRs with enhanced immunomodulatory activities is an 
intriguing approach for developing novel anti-infectives we 
created a library of IDRs through systematic design. IDR-
mediated immunomodulatory activity was assessed by 
their ability to induce chemokines/cytokines in human 
peripheral blood mononuclear cells. The enhanced 
chemokine/cytokine induction activity of the peptides in 
vitro correlated with the extent of protection they conferred 
in vivo in a Staphylococcus aureus infection model. 
Structure activity studies of the peptide library revealed a 
consensus sequence within the subset of IDRs with 
enhanced immune protection. By investigating thousands 
of chemical descriptors characterizing the different 
peptides in the library, it was also demonstrated that direct 
antibacterial and immune modulating peptide activities 
largely depended on separate physicochemical peptide 
properties. 
 
P452. Abstract number: 221 
Peptide regulators of insect reproduction containing 
D-amino acids 
JH Hlavacek1, B Bennettová1, J Slaninova1, B Cerny2, V 
Vlasakova3, J Holik3, R Tykva1
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1Institute of Organic Chemistry and Biochemistry, IOCB, 
CAS, v.v.i., PRAGUE, Czech Republic 
21st Medical faculty, Charles university, PRAGUE 1, Czech 
Republic 
3Institute of Experimental Botany, CAS, v.v.i., PRAGUE 4, 
Czech Republic 
An introduction of D-amino acids into the peptide chain of 
pentapeptide (5P) H-Tyr-Asp-Pro-Ala-Pro-OH [1] has 
maintained or even forced oostatic effect of corresponding 
analogues in comparison with the parent 5P. The 
analogues caused a decrease of hatchability in the 1st, and 
elimination of hatchability in the 2nd gonotrophic cycle of 
the flesh fly Neobellieria bullata. Morphology changes in 
ovaries are linked to a large resorption of the eggs in 
treated insect. A degradation of the D-Asp2 or D-Ala4 
analogues of this 5P proceeded with a significantly lower 
rate. An incorporation of radioactivity in vitro from the 
labeled 5P H-Tyr-Asp-[3H]Pro-Ala-Pro-OH into ovaries of 
the Neobellieria bullata [2,3] has been significantly 
decreased after D-Asp or D-Ala introduction. These 
differences might be linked to increased stability of the 
peptide bonds between the central Pro3 residue and the D-
Asp2 (also connected with N-terminal Tyr1) or the D-Ala4 
(also connected with C-terminal Pro5) residues, 
respectively. Proteolytic enzymes must handle with an 
opposite orientation of D-amino acid side-chains, shown in 
our NMR study. Moreover, the different distances of the D-
Asp2 and D-Ala4 residues from the Tyr1 residue, at which a 
very quick metabolic cleavage of the 5P starts in ovaries 
with a final release of [3H]Pro3 [4], are responsible for the 
differences between both the 5P analogues, with the 
respect to oostatic activity, degradation and radioactivity 
incorporation in the flesh fly Neobellieria bullata. In general, 
the life prolongation of the oostatic peptides, after the 
introduction of D-amino acids, resulted in more ovaries 
influenced during a period of their development, which 
enhanced the oostatic activity of corresponding analogues.  
This work was supported by grant of Czech Science 
Foundation No. 203/06/1272 and Research Project No. 
Z40550506  
1. J. Hlaváček, R. Tykva, B. Bennettová, T. Barth: Bioorg. 
Chem. 26, 131 (1998).  
2. R. Tykva, J. Hlaváček, V. Vlasáková, B. Černý, L. 
Borovičková, B. Bennettová, J. Holík, J. Slaninová: J. 
Chrom. B, 848, 258 (2007).  
3. J. Hlaváček, B. Černý B, B. Bennettová, J. Holík, R. 
Tykva: Amino Acids 33, 489 (2007).  
4. B. Bennettová, J. Slaninová, V. Vlasáková, J. Hlaváček, 
J. Holík, R. Tykva: J. Insect Sci., in press. 
 
P453. Abstract number: 231 
Dendrimeric peptides with affinity to opioid receptors - 
complexation properties 
Z. Lipkowska1, M Sowinska1, A Lesniak2, AW Lipkowski3
1Institute of Organic Chemistry PAS, WARSAW, Poland 
2Mossakowski Medical Research Centre, 02-106 
WARSAW, Poland 
3Mossakowski Medical Research Cenrte, 01-206 
WARSAW, Poland 
One of the most promising types of molecules allowing 
practical accomplishment of functional polyvalency are 
dendrimers - synthetic macromolecules of nanoscopic 
dimensions built from several layers of branches 
assembled around a central core. This affords location of a 
high number of functional groups at the surface. Unlike 
other macromolecular compounds, their unambiguous 
composition, reliability and versatility of their synthesis, 
make this type of carriers well-suited to various medical 
and biochemical applications.  

Pharmacological characterization of opioid receptor gave 
evidence of its complex and multiple structure. Therefore, 
dendrimerc compounds seem to be well suited for design 
of ligands that interact efficiently with the nervous system 
receptors.  
Here we present convergent synthesis, characterization 
and biological activity of small library of dendrimers built 
around Lys(Lys)2 dendron, functionalized with N-terminal 
fragment of enkephalins. These dendrimers have been 
used as complexing agents for other peptides known as 
opioid ligands - biphalin and neurotensin. Application of 
ESI MS and HPLC methods revealed that in water solution 
a 1:1 complex is formed between dendrimers and biphalin 
but not with neurotensin. In addition, solubility of the 
complex in water was better than biphalin alone. Binding 
studies to opioid receptors were performed for dendrimers 
alone as well as for 1:1 complexes with biphalin. It appears 
that the designed dendrimers might be used as new 
delivery agents for small opioid peptides.  
Authors acknowledge financial support from the Ministry of 
Science and Higher Education, grant N204 239436 and 
STREP project Normolife (LSHC-CT-2006-037733). 
 
P454. Abstract number: 252 
NMR-based conformational studies of the C-terminal 
heptadecapeptide (101-117) of human cystatin C 
M.M. Maszota, P Czaplewska, A Sladewska, M.S. 
Spodzieja, J Ciarkowski 
Faculty of Chemistry, University of Gdansk, GDANSK, 
Poland 
Human cystatin C (hCC) is a small (13 kDa, 120 amino 
acid residues) protein, a member of the superfamily of 
papain-like cysteine protease inhibitors. It is the most 
common cystatin in mammalian body fluids involved in 
various diseases including cerebral amyloid angiopathy, 
cerebral hemorrhage, stroke and dementia [1]. hCC is a 
potential target in the Alzheimer's disease; it was found 
that it binds amyloid β (Aβ) and reduces its aggregation 
and deposition [2].  
Recent in vitro studies including Aβ and hCC found that the 
C”terminal (101”117) fragment of the latter is the minimal 
Aβ”binding epitope of hCC [3]. Current communication is 
an extension of this work and includes NMR-based 
conformational studies of hCC (101”117) epitope. 
Structural information derived from sets of 2D NMR spectra 
will help to understand oligomerization of hCC, possibly 
including its self-aggregation and interactions with Aβ.  
[1] Levy E., Jaskolski M., Grubb A., Brain Pathol. 16 (1): 
60-70, 2006;  
[2] Kaeser S.A., Herzig M.C., Coomaraswamy J., et al, Nat. 
Genet. 39 (12): 1437-9, 2007;   
[3] Juszczyk P., Paraschiv G., Szymanska A., 
Kolodziejczyk A.S., Rodziewicz-Motowidlo S., Grzonka Z., 
Przybylski M., J. Med. Chem. 52 (8): 2420-8, 2009.  
 
P455. Abstract number: 272 
Beta-Aspartic acid impairs the ability to bind metal 
ions by immunosuppresory fragment of ubiquitin and 
somatostatin as studied by ESI-MS/MS 
A. Cebrat, M Zajaczkowska, P Stefanowicz, Z Szewczuk 
University of Wroclaw, Faculty of Chemistry, WROCLAW, 
Poland 
Recently ubiquitin was suggested as a promising 
antiinflammatory protein therapeutic [1]. We found that a 
peptide fragment corresponding to the ubiquitin50-59 
sequence (LEDGRTLSDY) possessed the 
immunosuppressive activity comparable with that of 
ubiquitin. The peptide was much less toxic than 
cyclosporine, particularly at higher doses [2]. The cyclic 
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peptide designed to mimic the ubiquitin 50-59 loop strongly 
suppressed the immune response, suggesting that 
ubiquitin and its LEDGRTLSDY fragment may interact with 
the same hypothetical receptors [3].  
It is known that the formation of complexes of proteins and 
peptides with metal ions often plays a significant role in 
their interaction with the respective receptors [4].  
Our earlier studies proved that the mass spectrometry can 
provide reliable information on the stoichiometry and a 
possible binding mode of the peptide-metal complexes 
[5,6]. Therefore, we applied high-resolution mass 
spectrometry (Bruker apex-ultra FT-ICR spectrometer) to 
study the interaction of LEDGRTLSDY fragment analogues 
with with Cu(II) and Zn(II) ions. A series of the peptide 
analogs, which included acetylated and amidated peptides 
and sequences with Asp residue substituted by βAsp, was 
synthesized. Similar approach was also applied to a series 
of somatostatin fragments analogues.  
The analysis of CID spectra for the LEDGRTLSDY peptide 
and its analogues indicates that the most probable site of 
the Cu(II) ion binding is the Glu residue. Substitution of Asp 
residue by βAsp as well as N-terminal acetylation 
drasticaly reduce the intensity of the complex while C-
terminal amidation does not influence the ability to bind 
Cu(II) ions. We did not observe any peaks for Zn(II)-
peptide complexes.  
Supported by grant No. N N401 222734 from the MSHE 
(Poland).  
1. Earle S.A., El-Haddad A. et al., Transplantation, 2006, 
82, 1544-1546  
2. Szewczuk Z., Stefanowicz P. et al., Biopolymers, 2004, 
74, 325-362  
3. Jaremko L., Jaremko M. et al., Biopolymers, 2009, 91, 
423-431  
4. Liu D., Seuthe A.B. et al., J. Am. Chem. Soc., 2005, 127, 
2024  
5. Brasun J., Cebrat M., et al., J. Inorg. Bioch., 2009, 103, 
1033-1038  
6. Brasun J., Cebrat M. et al., Dalton Trans., 2009, 4853-
4857 
 
P456. Abstract number: 274 
Influence of adjacent amino acid on photophysical 
properties of 3-(2-benzoxazol-5-yl)alanine derivatives 
A. Guzow, M Korsak, J Bejnarowicz, W Wiczk 
University of Gdansk, Faculty of Chemistry, GDANSK, 
Poland 
3-(2-benzoxazol-5-yl)alanine derivatives are unnatural 
fluorescent amino acids which spectral and photophysical 
properties are in many cases more favourable than natural 
fluorophores (long-wavelength absorption and emission, 
high molar absorption coefficient and fluorescence 
quantum yield). Because of great number of derivatives 
based on this skeleton, these compounds have various 
potential applications such as fluorescence probes of 
peptides and proteins, solvatochromic probes, pH or metal 
ions sensors as well as antimicrobial agents [1-7]. 
However, although the photophysical properties of 
fluorophore itself are quite well-known, there is no detailed 
information how they change after incorporation of the 
compound into a peptide chain. Because of that we 
modified amino or carboxy group of selected 
benzoxazolylalanine derivatives by all proteinogenic amino 
acids except cysteine and studied spectral and 
photophysical properties of obtained series of dipeptides 
using absorption and steady-state and time-resolved 
fluorescence spectroscopy to establish influence of the 
amino acid presence.  

[1] K. Guzow, J. Zieli'ska, K. Mazurkiewicz, J. Karolczak, 
W. Wiczk, J. Photochem. Photobiol. A: Chem. 175 (2005) 
57.  
[2] M. Szabelski, M. Rogiewicz, W. Wiczk, Anal. Biochem. 
342 (2005) 20.  
[3] M. Wysocka, A. Lesner, K. Guzow, J. Kulczycka, A. 
Łęgowska, W. Wiczk, K. Rolka, Anal. Chem., DOI: 
10.1021/ac1004103  
[4] K. Guzow, M. Milewska, W. Wiczk, Spectrochim. Acta A 
61 (2005) 1133.  
[5] M. Milewska, A. Skwierawska, K. Guzow, D. Szmigiel, 
W. Wiczk, Inorg. Chim. Commun. 8 (2005) 947.  
[6] M. Milewska, K. Guzow, W. Wiczk, Central Eur. J. 
Chem., in press.  
[7] K. Guzow, M. Obuchowski, W. Wiczk, Acta Biochim. 
Pol. 53 (suppl) (2006) 184.  
This work was financially supported by the Polish Ministry 
of Science and Higher Education under grant BW 8441-5-
0454-0. 
 
P457. Abstract number: 279 
Ensemble fit of conformational equilibria of restrained 
peptides to the NMR data. Dependence on the force 
fields: Amber versus ECEPP/3 
S.L. Luczak1, J Ciarkowski1, M Oleszczuk2, J Wójcik3

1University of Gdansk, GDANSK, Poland 
2University of Alberta, EDMONTON, Canada 
3Polish Academy of Sciences, WARSAW, Poland 
The pursuit of this work was an optimal conformational 
analysis method for short flexible peptides. We used two 
dermorphin Tyr-D-Daa-Phe-Daa-NH2 analogs consisting of 
combinations of D-Dab2 (α,β-diaminopropionyl) with Lys4, 
Analog 1, and of D-Dap2 (α,γ-diaminobutyryl) with Orn4, 
Analog 2. The side chain amino groups were coupled in 
them by a carbonyl, restraining them with 16- and 14-
membered rings and resulting in a potent and impotent µ/δ 
opioid peptide, respectively [1]. The Authors [1] provided 
us with their NMR NOE- and J-data in H2O/D2O, and with 
the results of fitting conformational equilibria of 1 and 2 to 
their NMR data, using an ensemble generated with EDMC-
ECEPP/3 methodology [2].  
We did a similar statistical fitting of conformational 
equilibria of 1 and 2 to the NMR NOE- and J-data, yet 
using to this aim an ensemble generated by extensive 
Amber molecular dynamics in water and the same fitting 
methodology [2], for comparison. Despite the first being a 
stiff- and the second a flexible-geometry-method to 
screening a conformational space, both methodologies 
provide similar conformational equilibria, in which the 
restraining rings fit well within 1.4Å both among 
conformational families within a method and also between 
the both approaches. On the contrary, the force-field 
effects to the flexible side-chains of Tyr i Phe were 
different. Hence, for short peptides, reliable conformational 
results are obtained from NMR supported with ensemble fit 
only within limits of a restraint (if there is any), no matter of 
the force-field used. With no restraint, different equilibria, 
depending on force field used, may fit common NMR data.  
[1] Filip K., Oleszczuk M., Wójcik J., Chung N.N., Shiller 
P.W., Pawlak D., Zieleniak A., Parci'ska A., Witkowska A., 
Izdebski J. (2005) J. Peptide Sci. 11, 347-352.  
[2] Groth, M., Malicka, J., Czaplewski, C., Oldziej, S., 
Lankiewicz, L., Wiczk, W., Liwo, A. (1999) J.Biomol. NMR 
15, 315-330. 
 
P458. Abstract number: 296 
Understanding and Modulation of the Folding of a 
Helix-Loop-Helix Dimerization Domain 
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C Cabrele1, M Beisswenger1, S Pellegrino2, R Fanelli2, ML 
Gelmi2, N Ferri3
1Faculty of Chemistry and Biochemistry, Ruhr-University 
Bochum, BOCHUM, Germany 
2DISMAB-Sez. Chimica Organica, Università degli Studi di 
Milano, MILAN, Italy 
3Dipartimento di Scienze Farmacologiche, Università degli 
Studi di Milano, MILAN, Italy 
The helix-loop-helix (HLH) domain is the characteristic 
dimerization domain of the HLH transcription factor family. 
This domain triggers the formation of dimers that display a 
parallel four-helix bundle. This type of protein-protein 
interaction is essential for the biological function of the HLH 
proteins. For example, the Id proteins are HLH 
transcription factors that inhibit the action of other HLH 
factors by sequestering them in inactive heterodimers. By 
using this mechanism, the Id proteins promote cell 
proliferation and inhibit cell differentiation during 
development and tumorigenesis. We are interested in the 
inhibition of Id protein dimerization with their endogenous 
partners (i. e. E47 and MyoD). Our work focuses on the 
identification (i) of the structural prerequisites for the 
correct HLH folding and (ii) of short peptide sequences 
targeting the Id HLH domain and altering its 
folding/dimerization properties. Studies based on amino-
acid substitutions and backbone modifications have 
underlined the role of some primary-structure elements on 
the secondary and tertiary structures adopted by a 
synthetic Id HLH peptide. Side-chain packing and 
backbone direction are both crucial for the optimal fold. 
Further, we have evaluated the ability of short peptides to 
interact with the Id HLH domain and prepared some 
peptide constructs that have been tested on smooth 
muscle cells expressing the Id protein. One construct has 
been shown to be only moderately active (low-micromolar 
range), but able to reduce cell growth and migration, 
stimulate cell differentiation and considerably decrease the 
cellular Id protein level. 
 
P459. Abstract number: 299 
2D IR spectroscopy of oligopeptides conformationally 
restrained by dialkylated amino acid residues 
C. Toniolo1, H Maekawa2, M. De Poli1, G Ballano1, F. 
Formaggio1, NH Ge2

1Department of Chemistry, University of Padova, 
PADOVA, Italy 
2Department of Chemistry, University of California at Irvine, 
IRVINE, United States of America 
Recent advances in ultrafast two-dimensional infrared (2D 
IR) spectroscopy have demonstrated its unique capabilities 
in elucidating peptide structures. To develop these 
techniques with full rigor and to establish spectrum-
structure relationships, studies in model systems are 
needed. To this end, oligopeptides composed of Cα,α-
dialkylated α-amino acid residues serve as ideal model 
systems because of their well-defined peptide backbone 
conformations. Here, we report the amide-I/II 2D IR spectra 
of two series of peptides in CDCl3: (1) unlabeled and 
isotope labeled Aib-rich hexapeptides, Z-Aib-L-Leu-(Aib)2-
Gly-Aib-OtBu (Aib, α-aminoisobutyric acid) and (2) Ac-
(Deg)n-OtBu (Deg, Cα,α-diethylglycine, n = 2-5). We 
demonstrate how 2D IR spectral signatures reveal the 
underlying 310-helical conformation in (1) and fully-
extended (C5 conformation) structure in (2).  
In the study of Aib-rich hexapeptides, a novel isotope 
labeling scheme was devised to probe vibrational 
couplings between amide-I and -II modes on specific 
residues. The 2D IR spectra of 13C=18O-Leu mono-labeled 
and 13C=18O-Leu/15N-Gly bis-labeled isotopologues exhibit 

isotope-dependent amide-I/II cross peaks, clearly 
indicating that the second and fourth peptide linkages are 
vibrationally coupled as they are in proximity, forming a 310-
helical turn. Theoretical calculations, based on an 
expanded vibrational exciton model, reasonably reproduce 
the experimental results. In contrast, the semi-extended 
structure is predicted to exhibit no isotope shifts in the 
amide-I/II cross peaks. This conformational sensitivity 
indicates that 2D IR is promising for detecting nascent helix 
formation.  
The Deg homopeptides exhibit unusual spectroscopic 
features: the amide-II band is more intense than the amide-
I band and it red shifts with increasing chain length. We 
have performed detailed analysis of the peptide 
conformation through stringent comparisons of measured 
and simulated amide-I and -II 2D IR spectra. The results 
indicate that the backbones of these homopeptides are 
fully extended regardless of the chain length. This 
conclusion is corroborated by molecular dynamics 
simulations and density functional theory calculations. The 
complete characterization of the vibrational properties of 
the amide-I and II modes in the fully-extended structure will 
facilitate the conformational analysis of other peptides 
involving C5 motifs. 
 
P460. Abstract number: 343 
In vitro antiviral properties of alloferon, Any-GS and 
their analogues against human herpes virus and 
coxsackie virus B2 
KM Kuczer1, A Midak-Siewirska2, R Zahorska2, M Luczak2, 
D Konopinska1

1Faculty of Chemistry, University of Wroclaw, WROCLAW, 
Poland 
2Department of Microbiology, Medical University of 
Warsaw, WARSAW, Poland 
Alloferon (H-His-Gly-Val-Ser-Gly-His-Gly-Gln-His-Gly-Val-
His-Gly-OH) has been isolated from the blow fly Calliphora 
vicina1. Alloferon demonstrates the stimulatory effect on 
natural killer lymphocytes in vitro, and has antiviral and 
antitumor activity in vivo. Pentapeptide Any-GS (H-Asp-Ile-
Leu-Arg-Gly-NH2) has been isolated from the wild silkmoth 
Antheraea yamamai2. This peptide suppresses proliferation 
of the rat hepatoma cells. In preliminary investigations we 
found that alloferon and Any-GS inhibited the replication of 
human herpes virus type 1 (HHV-1) in vitro3.  
For further studies on antiviral activity against both DNA 
and RNA viruses we selected the following peptides:  
1/ alloferon (I) and its analogues modified at position 1, 
[des-His1]-(II), [Lys1]-(III), [Arg1]-(IV) and [Ala1]-alloferon 
(V),  
2/ Any-GS (VI), its shortened derivatives: [1-4]-(VII), [2-5]-
(VIII), [3-5]-Any-GS (IX), and the analogues modified at 
position 1 such as: [Asn1]-(X), [Arg1]-(XI), [Gln1]-(XII), 
[Gly1]-(XIII) and [Ala1]-Any-GS (XIV).  
Peptides were synthesized by the standard solid phase 
method. The cytotoxic properties of investigated peptides 
were evaluated using Vero and HEp-2 cell lines. The 
cytotoxicity was determined by the MTT (3-[4,5 
dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) 
assay. In further experiments the antiviral activity was 
assessed in respect to HHV-1, wild-type HHV-1 and 
coxsackie virus type B2 using two cell lines, Vero and HEp-
2. We found that most of the evaluated peptides presented 
antiviral activity. Moreover, all the peptides did not show 
cytotoxic activity against the Vero and HEp-2 cells. The 
results obtained indicate that the insect peptides may be 
useful antiviral agents for HHV-1 and coxsackie virus B2.  
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1.  Chernysh S, Kim SI, Bekker G, Pleskach VA, 
Filatova NA, Anikin VB, Platonov VG, Bulet P. PNAS 2000; 
99: 12628-12632.  
2. Suzuki K, Minagawa T, Kumagai T, Naya S, Endo 
Y, Osanai M, Kuwano, E. J. Insect Physiol. 1990; 36: 855-
860.  
3. Kuczer M, Dziubasik K, Midak-Siewirska A, 
Zahorska R, Łuczak M, Konopi'ska D. J Pept Sci. 2010; 
16:186-9.  
This work was supported by Ministry of Science and 
Higher Education (Grant No. N N204 085638), the 
University of Wroclaw (Grant No. 2237/W/WCh/09) and by 
the Medical University of Warsaw grants AM20/WA and 
W2/2008-200  
 
P461. Abstract number: 345 
Novel calpain inhibitors 
Z Bánóczi1, A Farkas2, P Friedrich2, F Hudecz3

1Research Group of Peptide Chemistry, HAS, Eötvös 
Loránd University of Sciences, BUDAPEST, Hungary 
2Institute of Enzymology, Biological Research Center, 
HAS, BUDAPEST, Hungary 
3Department of Organic Chemistry, Eötvös L. University, 
BUDAPEST, Hungary 
Calpains are intracellular cysteine proteases and are of 
considerable interest due to their implication in numerous 
physiological events. Besides physiological functions, they 
play a key role in some well-studied pathological 
processes. The overactivation of calpains, which is 
resulted in by the disorder in Ca2+ homeostasis, increases 
the degradation of the enzyme substrates and could 
contribute to the development of the Alzheimer and 
Huntington diseases and also to death of nervous cells 
caused by traumatic brain injury, spinal cord injury (1). One 
of the main methods to study the calpain function is to 
inhibit the enzyme. Unfortunately, there is only one specific 
calpain inhibitor of native origin is known, the calpastatin 
protein. Other inhibitors used in the literature are not 
specific, which might confuse the interpretation of the 
results (2). The use of calpastatin or its region B, as 
specific inhibitor is hampered by their low cell-penetration 
ability. Our aim is to develop new, specific and cell-
permeable calpain inhibitor(s), to be used for analysis of 
calpain function under different conditions and also for the 
development of drugs for treatment of different calpain 
dependent diseases. The aza-peptide inhibitors were 
designed from the substrate, (TPLKSPPPSPR) described 
by us (3). The novel inhibitors described here contain N-
terminal part of the substrate and amino acids from P’1 to 
P’2, P’5 or P’7. The Lys after which the enzyme cleaves the 
substrate was replaced by aza-aminoacids. A group of 
aza-peptides were synthetised by solid phase synthesis 
using aza-amino acids as hidrazide derivatives and 1,1'-
carbonyldiimidazole. The inhibitory effect of new aza-
peptides on enzyme Calpain B was measured by 
fluorimetry with calpain substrate developed in our 
laboratory (4). The inhibitory effect of aza-peptides was 
mainly dependent on the C-terminal part of the molecule.  
Acknowledgement: OTKA 68285 and GVOP-3.2.1-2004-
04-0352/3.0  
1. Huang, Y. and Wang, K. K. W. 2001, Trends Mol. Med. 
7, 355-362.  
2. Wells, G. J. and Bihovsky, R. 1998, Exp. Opin. Ther. 
Patents 8, 1707-1727.  
3. Tompa, P., Buzder-Lantos, P., Tantos, Á., Farkas, A., 
Szilágyi, A., Bánóczi, Z., Hudecz, F. and Friedrich, P. 
2004, J. Biol. Chem. 279, 20775-20785.  
4. Bánóczi, Z., Alexa, A., Farkas, A., Friedrich, P., Hudecz, 
F. 2008, Bioconjugate Chem., 19, 1375-1381.  

 
P462. Abstract number: 354 
PNA-peptide conjugates for regulation of DNA and 
RNA G-quadruplex structures depending on a 
particular protease concentration 
K Usui, K Kobayashi, N Sugimoto 
Konan University, KOBE, Japan 
It has been elucidated in the last few decades that some 
DNA and RNA secondary structures modulate a variety of 
cellular events. It is recently suggested that a G-
quadruplex structure, which is one of the secondary 
structures, also regulates cellular events such as 
transcription, translation, pre-RNA splicing and telomerase 
elongation and these events are related to serious 
diseases and aging (1). Therefore, systems that could 
control DNA and RNA G-quadruplex structures when 
needed would be able to modulate various cellular events, 
and as a result the systems could provide biological 
effects. From this point of view, peptide conjugates of PNA 
(peptide nucleic acid) to control G-quadruplex structures 
depending on a particular cellular environment were 
constructed in this study. First of all, the conjugate 
sequences were designed. The conjugates consisted of 
two parts. One part was composed of Guanine PNA-rich 
sequences to induce G-rich DNA/RNA sequences to form 
G-quadruplex structures with PNAs. The other part was a 
switching module depending on a particular cellular 
environment. In this study, we selected a particular 
protease concentration as the cellular environment. 
Consequently, a particular protease substrate sequence 
was applied to the part. Thus, this system would induce 
DNA/RNA to form G-quadruplex structure when the 
protease would not be expressed in cell, and once 
expressing the protease, these conjugates would be 
digested and simultaneously loose the induction ability 
resulting in collapse of a DNA-PNA quadruplex structure. 
After synthesis of the peptides by Fmoc chemistry, we are 
checking the G-quadruplex structure induction by CD 
spectroscopy, electrophoresis and so on. CD melting 
curves of a target DNA with/without the conjugate indicated 
that a G-rich DNA could be induced to form PNA-DNA G-
quadruplex. Also we are trying to demonstrate the switch 
function depending on the protease concentration. 
Throughout this study, these PNA-peptide conjugates 
would be one of the promising tools for regulation of 
important cellular events toward cell engineering and tissue 
engineering.  
(1) H. Q. Yu, D. Miyoshi, N. Sugimoto, J. Am. Chem. Soc., 
128, 15461-15468 (2006). 
 
P463. Abstract number: 473 
Structure of a new stable Cu(III)/cyclopeptide complex 
by Cu K-edge XAS study 
AP Pratesi1, G Giuli2, MR Cicconi2, W Tsu-Chien3, G 
Pratesi4, M Ginanneschi1
1Laboratory of Peptide & Protein Chemistry & Biology, 
University of Florence, SESTO FIORENTINO, Italy 
2Dipartimento di Scienze della Terra, University of 
Camerino, CAMERINO, Italy 
3European Synchrotron Radiation Facility - ESRF, 
GRENOBLE, France 
4Dipartimento di Scienze della Terra, University of 
Florence, FLORENCE, Italy 
The study of a 13-membered ring cyclic tetrapeptide c(Lys-
dHis-Ala-His) (DK13) synthesized by the solid-phase 
peptide synthesis method revealed the presence, at 
alkaline pH, of a stable peptide/Cu3+ complex formed in 
solution by atmospheric dioxygen oxidation[1].  
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Cu K-edge XANES and EXAFS spectra have been 
collected for three different cyclo-peptides: c(Lys-His-Ala-
His) (LK13), c(Lys-dHis-Ala-His) (DK13), and c(Gly-Ala-
Gly-Lys) (GK13) to confirm the presence of Cu3+ species. 
Comparison of pre-edge peak features with those of Cu 
model compounds, allowed to determine the Cu oxidation 
state in the three peptides: Cu is purely divalent in GK13, 
purely trivalent in DK13 and present as both Cu2+ and Cu3+ 
in LK13. Also edge energies and EXAFS derived Cu-N 
distances (1.79 Å and 1.90 Å for DK13 and GK13, 
respectively) are consistent with the XANES determined 
Cu oxidation states. Theoretical XANES spectra have been 
calculated by means of the MXAN code. The initial 
structural model has been calculated according to a DFT 
code; the structural refinement with the MXAN code 
allowed to find optimised values of the overlap between 
Muffin-Tin spheres; to refine the coordinates of the 
neighbouring N atoms and refine the coordinates of all 
other atoms.  
The good agreement between theoretical and experimental 
XANES data allows to assume that the refined structure, at 
least in the first coordination shell around Cu, is a good 
approximation of the peptide/Cu3+ complex structure. 
These results suggest that the CuN4 unit is not planar but 
form a slightly distorted pyramid[2]. Despite no clear 
explanation can be provided yet, available data strongly 
suggest that imidazole side chains have an important role 
in the formation of Cu3+ complexes in DK13 peptide.  
[1] Pratesi A., Zanello P., Giorgi G., Messori L., Laschi F., 
Casini A., Corsini M., Gabbiani C., Orfei M., Rosani C., 
Ginanneschi M. Inorg. Chem., 2007, 46,10038-10040.  
[2] Pratesi A., Giuli G., Cicconi M. R., Weng T. C., Pratesi 
G., Ginanneschi M. 14th International Conference on X-ray 
Absorption Fine Structure (XAFS14), pag. 239, Camerino 
(Italy), July 26-31, 2009. 
 
P464. Abstract number: 542 
CLIPS peptides: high enzymatic stability 
W.M.M. Schaaper, P Van Dijken, P Timmerman 
Pepscan Therapeutics B.V., Lelystad, The Netherlands 
It is well known that linear peptides are not stable against 
enzymatic degradation. Addition of D-amino acids or beta-
amino acids to the selected sequence, modification of the 
C- and N-termini, or modification of the peptide bonds itself 
have been shown to improve the stability. However, these 
modifications require extra, sometimes complex steps in 
the synthesis of these products.  
In our lab, CLIPSTM technology (Chemical LInkage of 
Peptides onto Scaffolds) was developed for chemical 
fixation of peptides [1]. This technology was used 
successfully to select and reconstruct active sites of 
several proteins [2], but was also expected to improve the 
enzymatic stability of the construct.  
In this study a bicyclic 15-mer CLIPS peptide was 
synthesized by reacting CSDRFRNCPADEALC with 1,3,5-
tris-(bromomethyl)benzene [3]. The enzymatic stability of 
the peptide was determined in human serum and other 
enzyme preparations and compared with extended bicyclic 
sequences, with linear analogues, monocyclic 
counterparts, and with retro-inverso analogues. 
Fragmentation products could be identified using LC-MS. 
The bicyclic CLIPS peptides were found to be extremely 
stable showing their potential as drug products.  
1. Timmerman P, Beld J, Puijk WC, Meloen RH. Rapid and 
quantitative cyclization of multiple peptide loops onto 
synthetic scaffolds for structural mimicry of protein 
surfaces. ChemBioChem. 2005, 5, 821-824.  

2. Timmerman et al. Functional reconstruction of 
structurally complex epitopes using CLIPS technology, 
Open Vacc. J.. 2009, 2, 56-67.  
3. Heinis C, Rutherford T, Freund S, Winter G. Phage-
encoded combinatorial chemical libraries based on bicyclic 
peptides, Nat. Chem. Biol. 2009, 5, 502-507. 
 
P465. Abstract number: 561 
Tryptophan Interactions That Stabilize Folding Motifs: 
A Guide to Placement, Dynamics Applications, and 
Expectations for Fold Stabilization 
N H Andersen, B Kier, I Shu, V Williams 
University of Washington, Seattle, United States of 
America 
A number of interactions provided by the indole ring of 
tryptophan have emerged as fold stabilizing features in 
miniprotein and beta-hairpin systems; these include: pi-
cation interactions with Arg and Lys sidechains, the indole 
ring serving as a pi Lewis base in H-bonding interactions 
with an amide-NH, hydrophobic interactions with other 
aromatic and aliphatic sidechains, and indole/indole ring 
interactions of specific geometries. Trp has one of the 
larger beta-propensities that have been measured in 
hairpin constructs; this explains some of hairpin 
stabilization results that have been observed in Trp-
containing hairpin models, but the more specific 
interactions noted must be taken into account to explain 
the hyperstable constructs that have been obtained in 
some cases. Each of these indole interactions has rather 
specific stereostructural requirements that must be 
understood to design peptide folds. Of these, the 
indole/indole (W/W) interaction will be presented in this 
abstract.  
In proteins, W/W interactions resulting in CD exciton 
couplets have been recognized for at least 18 years. The 
common geometry that results in the CD exciton couplet 
and diagnostic chemical shifts, the latter arising ring current 
effects, is an edge-to-face (EtF) alignment of the two indole 
rings. In hairpin models this geometry, and fold additional 
stabilization, occurs only when the W/W unit is at a non-H-
bonded strand site that is either turn-flanking or near the 
other termini of the strands. The NMR diagnostics of the 
EtF interaction are far upfield shifts for the beta-CH2 and 
indole H4 hydrogens of the Trp that serves as the ”edge”in 
the EtF interaction. These structuring shifts are large 
enough to effect exchange broadening of the NMR signals 
that can be used to measure folding rates in the l/kF = 200 
nsec - 50 microsec range. This will be illustrated with KTW-
NXXXXK-WTE peptides; in this series, folding rates can 
vary by as much as a factor of 20 (depending on the XXXX 
sequence) for peptides that display the same 
thermodynamic stability for the hairpin fold.  
The indole/cation and amide-NH/indole H-bonding 
interactions also have specific structural requirements 
which result in placement requirements in fold design. The 
amide-NH/indole H-bonding interaction also produces very 
large structuring shifts, chemical shift deviations as large 
as 3.9 ppm have been observed. The chemical shift effects 
noted here allow the determination of fold structures with 
high precision.  
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P466. Abstract number: 140 
Rational Insights in peptide affinity towards inorganic 
surfaces  
Development of Peptides with High Affinity to 
Inorganic Surfaces 
RH Hassert, AG Beck-Sickinger 
Universität Leipzig, LEIPZIG, Germany 
Immobilization of specified chemokines or cell attracting 
motifs is of great interest in the field of 
”intelligent”biomaterials. It has been shown previously, that 
peptides can be discovered that selectively bind to different 
metal surfaces in non-covalent manner [1]. Interestingly, 
those peptides can be obtained by solid-phase peptide 
synthesis [2], which provides high flexibility and sufficient 
amount to perform structure-activitiy studies. Alternative 
methods e. g. phage-display-systems, led to the 
identification of peptides that bind to different surfaces like 
silicone, gold and titanium.  
Here we present an ELISA-like assay for a straightforward 
quantification of peptide-surface interactions. Peptides 
were synthesized by solid-phase peptide synthesis and N-
terminally extended by biotin. This allows a rapid detection 
of the peptides bound to different surfaces by using a 
streptavidin-POD-conjugate. The subsequent oxidation of 
TMBH2 catalyzed by the enzyme is measured 
photometrically at 450 nm and is dependent on the amount 
of surface-bound peptides. We could apply the system to 
determine the binding of peptides on a multitude of 
surfaces ranging from TiO2, ZnO to SiO2. Furthermore the 
tested peptides showed sigmoidal dose-response-curves 
indicating specific binding. Thus we were able to determine 
EC50-values ranging from the low M-range for good 
binders to values above 1 mM for weak binders.  
Considering the advantages of an ELISA-based assay with 
respect to parallel testing of different peptides on various 
surfaces we are now able to improve the understanding of 
peptide-surface interaction. This is necessary to bridge the 
gap from the common combinatorial procedure to a more 
rational approach in the design of peptides binding to solid 
supports. This is crucial to obtain sequences that show a 
high affinity and an improved selectivity of solid-surface 
binding peptides.  
[1] Brown, S.: Engineered iron oxide-adhesion mutants of 
the Escherichia coli phage λ receptor. Proc. Natl. Acad. 
Sci. 89:8651-8655, 1992.  
[2] Goede, K., Grundmann, M., Holland-Nell, K., Beck-
Sickinger, A.G.: Cluster properties of peptides on (100) 
semiconductor surfaces, Langmuir 22, 8104-8, 2006. 
 
P467. Abstract number: 169 
Design, Synthesis and Potential Applications of 
Conformationally Restricted Peptides 
V. S. Chauhan, JJ Panda 
International Centre for Genetic Engineering and 
Biotechnology, NEW DELHI, India 
The de novo design of peptides and proteins has elicited 
considerable interest in recent years. α,β-
didehydroresidues, in particular α, β 
didehydrophenylalanine (∆Phe) are being considered 
important conformational constraints inducing tools in de 
novo peptide design. ∆Phe, an analog of phenylalanine 
with a double bond between Cα and Cβ atoms induces 
conformational constraint in the peptide structure, and 
provides the peptide with increased resistance to 
enzymatic degradation. In small ∆Phe containing peptides, 
a type II β turn and in longer peptides helical structures are 
stabilized. Using ∆Phe, super secondary structural motifs 
like helix turn helix have also been designed and 
synthesized. Based on these design principles a series of 

cationic peptides containing ∆Phe residues have been 
synthesized which showed potent antibiotic activity, fast 
kinetics of bacterial killing with no hemolytic activity 
suggestive of their highly specific antibacterial activity. We 
have also found that small ∆Phe containing dipeptides 
could self-assemble into stable hydrogels or 
nanostructures, depending on the peptide motif or 
assembling conditions. Dipeptide nanostructures could 
encapsulate drug molecules and release them under 
suitable conditions. They were stable to proteinase K 
digestion, noncytotoxic and taken up by mammalian cells. 
Anticancer drug loaded nanostructures showed enhanced 
cytotoxicity towards cancerous cell lines. Folic acid 
functionalized nanoparticles showed enhanced 
bioavailability and tumour accumulation. Interestingly, Phe-
DPhe at higher concentration and appropriate conditions 
assembled into a nanofibrous hydrogel with high 
mechanical strength. It responded to changes in pH, 
temperature, ionic strength and entrap and release 
bioactive molecules in a sustained and stimuli responsive 
manner. The hydrogel could be functionalized, through the 
free amino groups, with cell growth promoting ligands like 
the tripeptide, RGD. The modified gel supported 
attachment, proliferation and 3D growth of cells 
simultaneously preserving their metabolic activities. These 
interesting properties of stable peptide based 
nanostructures make them useful templates for further 
development for future applications. 
 
P468. Abstract number: 184 
De novo designed triple-helix bundle proteins on a 
carbohydrate template 
L Malik, J Nygaard, R Hoiberg-Nielsen, N J. Christensen, P 
W. Thulstrup, L Arleth, K J. Jensen 
University of Copenhagen, FREDERIKSBERG C, 
Denmark 
De novo design and total chemical synthesis of proteins 
allows the preparation of novel biomolecules to address 
complex biological questions. It offers the prospect of 
designing proteins with new tailored properties. The 
development of highly efficient methods for coupling of 
unprotected peptides has placed the reliable chemical 
synthesis of proteins within reach of bioorganic chemistry. 
We have previously described a class of chimeric model 
proteins, termed carboproteins, in which carbohydrates are 
used as templates in de novo design of proteins. The 
template preoorganizes the secondary structure elements 
and directs the formation of a tertiary structure, thus 
achieving structural economy.  
Here we describe the design and synthesis of novel 3-helix 
bundle carboproteins. Tri-functional monosaccharides 
served as templates for anchoring of α-helical peptides to 
form triple-helix bundle carboproteins. The folding was 
studied using biophysical methods such as circular 
dichroism (CD) spectroscopy, size exclusion 
chromatography (SEC) and, finally, small angle X-ray 
scattering (SAXS). CD indicated the expected presence of 
α-helical structure; next, it was used to measure the 
stabilization of carboproteins to thermal and guanidine 
hydrochloride denaturation. Then, we analyzed the self-
assembly of the carboprotein and the free peptides in 
solution by SAXS. The most promising self-assembled 
carboproteins from CD and SAXS analysis were also 
studied by molecular dynamic simulations (MD). Our result 
suggest that rational designed de novo protein can be 
synthesized and analyzed in solution, furthermore 
structural and dynamics behavior can be predicted and 
further optimized. 
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P469. Abstract number: 201 
Au25 Nanoclusters Capped by Photoactive Aib-based 
Azopeptides. 
I. Guryanov, S Antonello, M Hesari, M Zamuner, F Maran 
University of Padova, PADOVA, Italy 
The study of novel phenomena and processes at the 
molecular level provides useful knowledge for designing a 
wide range of tools, materials, devices, and systems with 
unique characteristics. Monolayer-protected gold 
nanoclusters of small size (< 1.5 nm) are of particular 
interest because they are rather complex hybrid systems 
but still display quasi-molecular features, such as the 
presence of a well-defined HOMO-LUMO gap [1]. The 
introduction of different ligands into the nanoparticle-
capping monolayer can significantly affect their properties, 
such as the redox or optical behavior. For this purpose, 
rigid 310-helical peptides based on the α-aminoisobutyric 
(Aib) acid unit are very interesting molecules because they 
are still and possess a strong dipole moment [2,3]. In this 
work we used the ligand place-exchange approach to 
introduce a thiolated Aib-peptide derivative, HS-CH2CH2-
Ph-N=N-Ph-CO-Aib3-NHtBu, into the monolayer of 
preformed phenylethanthiolate-protected Au25 
nanoclusters. By varying the ligand place-exchange 
conditions we could vary the load of azopeptide in the 
monolayer. Upon irradiation at 360 nm, trans-cis 
isomerization of the -N=N- bond was expected to change 
the spatial orientation of the peptide dipole moment as well 
as the distance between the peptide moiety and the 
nanoparticle core. By using the free ligand, we observed 
that irradiation leads to the stationary state mixture of the 
cis and trans isomers and that the peptide 310-helical 
structure remains intact. Thermal decay experiments 
showed that the spontaneous -N=N- cis to trans 
conversion in the nanoparticle monolayer is about three 
times faster than in the free azopeptide. The synthesis and 
the outcome of photochemical and electrochemical 
experiments will be discussed.  
[1] R. W. Murray. Chem. Rev. 2008, 108, 2688-2720.  
[2] L. Fabris, S. Antonello, L. Armelao, R. L. Donkers, F. 
Polo, C. Toniolo, F. Maran. J. Am. Chem. Soc. 2006, 128, 
326-336.  
[3] A. H. Holms, M. Ceccato, R. L. Donkers, L. Fabris, G. 
Pace, F. Maran. Langmuir. 2006, 22, 10584-10589. 
 
P470. Abstract number: 440 
Biomedical nanotechnology: preparation and 
characterization of new functionalized gold 
nanoparticles. 
M. De Simone1, S Avvakumova2, A Del Gatto3, M 
Saviano3, C Pedone1, F Porta2, L Zaccaro3

1Dipartimento delle Scienze Biologiche, Università degli 
studi „Federico II„, NAPLES, Italy 
2Dipartimento di Chimica Inorganica Metallorganica e 
Analitica L. Malatesta, MILAN, Italy 
3Istituto di Biostrutture e Bioimmagini-CNR, NAPLES, Italy 
Over the past decade gold nanoparticles have attracted 
much interest since they are versatile agents with a variety 
of biomedical applications including use in highly sensitive 
diagnostic assays, thermal ablation and radiotherapy 
enhancement, as well as drug and gene delivery[1]. 
Several stabilizing agents, that interact with nanoparticle 
surface, are usually added to improve their stability. In 
particular, recently we have studied the use of peptide 
sequences based on the GGC motif as capping agents in 
the preparation and characterisation of monolayer-
protected gold nanoparticles[2]. These capped systems 
can be considered as a good scaffold for a 
functionalization with molecules for the targeting of 

receptor tumor marker such as integrin receptors. The aim 
of this research is the wet chemistry preparation and 
characterization by ATR-FTIR, XRD and TEM of new 
capped gold nanoparticles functionalized with molecules 
encompassing the RGD motif critical for the integrin 
binding.  
1. X .Wang, L.Hliu, O. Ramström, M. Yan Exp Biol Med., 
(2009), 234, 1128.  
2. F.Porta, G. Speranza, Z. Krpetic, V. Dal Santo, P. 
Francescato, G. Scari, Materials Science & Engineering, 
B., Solid-State Materials for Advanced Technology ,(2007), 
140, 187. 
 
P471. Abstract number: 460 
On-silica peptide probes: innovative in vitro diagnostic 
devices for detection of antibodies as biomarkers of 
autoimmune diseases 
E Peroni1, N Brodie Linder1, AM Papini2
1Université de Cergy-Pontoise, NEUVILLE SUR OISE, 
France 
2PeptLab-SOSCO,Université de Cergy-Pointoise, PARIS, 
France 
The development of in vitro diagnostic devices (IVDD) 
based on peptides is a challenge for efficient antibody 
detection of autoimmune diseases. In fact ELISAs have 
often the great disadvantage not to guarantee efficient 
exposition of the peptide epitope for efficient autoantibody 
recognition [1].  
The design of nanomaterials with high levels of selectivity 
is a challenge common to various areas of 
nanodiagnostics, including sensor development. In the bio-
analytical context there are many different approaches 
used for the detection of key biomolecular interactions in a 
range of different environments, i.e. serum. The approach 
we have been focussing on is the use of functionalised 
silica nanoparticles coupled to peptide antigens as efficient 
probes to detect autoantibodies as biomarkers in 
autoimmune diseases patients’ sera.  
The glucosylated peptide CSF114(Glc) is the first specific 
Multiple Sclerosis (MS) Antigenic Probe, active molecule of 
MS PepKit, a peptide-based ELISA diagnostic test 
developed to recognize specific autoantibodies in sera of a 
statistically significant MS patients’ population [2].  
In order to propose an alternative solid support for 
improving detection of specific autoantibodies in MS 
patients’ sera, silica surfaces modified with CSF114(Glc) 
have been developed. Because of silanol groups providing 
binding sites, silica surfaces are attractive solid supports 
for identifying antigen-antibody specific interaction. 
Different strategies for silica peptide immobilization have 
been investigated. Therefore, we elucidated structural 
properties of the surface linked glycopeptide by different 
spectroscopic techniques. Moreover, we tested these 
innovative on-silica glycopeptide probes by an enzymatic 
assay to evaluate detection of specific autoantibodies in 
MS patients’sera.  
[1] Papini, AM. J. Pept. Sci. 2009, 15, 621-628.  
[2] (a) Lolli, F. et al. P.N.A.S. U.S.A. 2005, 102, 10273-
10278; (b) Lolli, F. et al. J. Neuroimm. 2005, 167, 131-137; 
(c) Papini, A.M. Nat. Med. 2005, 11, 13; (d) Carotenuto, A. 
J. Med. Chem. 2006, 49, 5072-5079; (e) Papini, A.M.; 
Rovero, P.; Chelli, M.; Lolli, F. Granted U.S.A. Patent & 
PCT Application WO 03/000733 A2. 
 
P472. Abstract number: 485 
Topical Vaccination with Nanoparticles 
L Schindler1, P Walden2, L Dähne3, J Lademann2, R 
Brock4, KH Wiesmüller1

1EMC microcollections GmbH, TUEBINGEN, Germany 
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2Klinik für Dermatologie, Venerologie und Allergologie, 
Charité, BERLIN, Germany 
3Surflay Nanotec GmbH, BERLIN, Germany 
4Radboud University Nijmegen Medical Centre, 
NIJMEGEN, The Netherlands 
Vaccines need to be developed that effectively induce 
antigen-specific CD8+ T cells, the key effector cells in 
cellular immune responses. These T cells recognise 
peptides generated by limited proteolysis from cellular 
proteins that are bound by MHC class I molecules and 
presented at cell surfaces. The new vaccines should be 
stable, safe and easy to handle.  
To this avail we designed nanoparticle carriers for synthetic 
vaccine components coated by layer-by-layer technology, 
and optimised their size and physicochemical properties. 
The vaccine componenents, T helper and CTL epitopes, 
and synthetic adjuvants, were synthesised by fully 
automated solid phase synthesis using Fmoc/tBu-
chemistry, purified to homogeneity by preparative HPLC 
and characterised by HPLC-MS. They were tagged for 
loading onto the particles and the loading efficiencies 
established with fluorescein-labelled analogous. The 
specific immunostimulating capacity of the peptide-
functionalised nanoparticle vaccines was investigated and 
established with bioassays in vitro and in vivo. 
 
P473. Abstract number: 554 
Self-assembling Peptides: Biomimetic Fabrication and 
Application 
XJZ Zhao 
Nanomedicine Lab., West China Hospital, Sichuan 
University, China, CHENGDU, China 
Nature has selected and evolved numerous and diverse 
chemical and molecular structural motifs through billions of 
years of molecular selection and evolution and these motifs 
are the basic building blocks of a wide range of 
sophisticated nanomachines that work at astonishing 
speed and efficiency with the finest controls. Only now we 
begin to learn from Nature”'in its finest molecular details 
and intricate interactions of numerous fine parts: we are 
learning the basic molecular engineering principles for 
nano- and micro-fabrication at the exquisitely fine scale 
through the understanding of molecular self-assembly 
phenomena.  
Molecular self-assembly is ubiquitous in Nature and has 
recently emerged as a new approach in chemical 
synthesis, nanotechnology, polymer science, materials and 
engineering. Two complementary strategies can be 
employed in the fabrication of molecular biomaterials. In 
the 'top-down' approach, biomaterials are generated by 
stripping down a complex entity into its component parts. 
This contrasts with the 'bottom-up' approach, in which 
materials are assembled molecule by molecule and in 
some cases even atom by atom to produce novel 
supramolecular architectures. The latter approach is likely 
to become an integral part of nanomaterials manufacture 
and requires a deep understanding of individual molecular 
building blocks, their structures, assembling properties and 
dynamic behaviors. Two key elements are required for 
molecular fabrication, which are chemical 
complementarities and structural compatibility, both of 
which confer the weak and noncovalent interactions that 
bind building blocks together during self-assembly.  
We have designed and fabricated a set of self assembling 
peptides-mediated biomaterials and significant advances 
have been achieved at the interface of biology and 
materials science, including the fabrication of nanofiber 
materials for 3-D cell cultures, tissue engineering and 
regenerative medicine, the peptide detergents for 

stabilizing, and crystallizing membrane proteins as well as 
nanocoating molecular for cell organizations. Molecular 
fabrications of nanobiomateirals have fostered diverse 
scientific discoveries and technological innovations. 
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P474. Abstract number: 14 
Beta-Sheet Amphiphilic Peptides Replication; Kinetics 
and Mechanism  
GA Ashkenasy, BR Rubinov, HR Rapaport 
Ben Gurion University of the Negev, BEER SHEVA, Israel 
Non enzymatic molecular replication has been the subject 
of intense research over the past two decades, and several 
different replicating systems have been prepared and 
analyzed, including nucleic acids, fatty acids, peptides, and 
organic molecules.[1] Several research groups including 
the authors have studied in the past alpha-helix forming 
sequences that self assemble to coiled-coil tertiary 
structures. In these systems, monomeric or dimeric 
peptides, twenty five to forty amino acids in length, served 
as templates for substrate binding and thus for enhanced 
condensation and replication. However, it has been 
postulated that shorter peptides with simpler sequences 
may serve as templates for self replication, provided that 
they are able to arrange themselves into unique and well 
defined structures. I will present here the design and 
kinetic analysis of rather simple peptides, close analogs of 
the synthetic amphiphilic Glu-(Phe-Glu)n peptides that can 
form soluble one-dimensional beta-sheet aggregates in 
water, and serve to significantly accelerate their ligation 
and self replication.[2]  
[1] Dadon, Wagner, Ashkenasy 'The Road to Non-
enzymatic Molecular Networks', Angew. Chem. Int. Ed. 
2008, 47, 6128 - 6136.  
[2] B. Rubinov, N. Wagner, H. Rapaport, G. Ashkenasy 
'Self Replicating Amphiphilic beta-Sheet Peptides ' Angew. 
Chem. Int. Ed. 2009, 48, 6683 - 6686. 
 
P475. Abstract number: 63 
Photocurrent generation through mono- and bi-
component peptide self-assembled monolayers: 
antenna and junction effects 
C. Toniolo1, A. Porchetta2, E. Gatto2, M. Caruso2, M. 
Crisma3, F. Formaggio1, M. Venanzi2
1Department of Chemistry, University of Padova, 
PADOVA, Italy 
2Department of Chemical Sciences and Technologies, 
University of „Tor Vergata„, ROME, Italy 
3ICB, Padova Unit, CNR, Department of Chemistry, 
University of Padova, PADOVA, Italy 
Biomolecules have been extensively investigated as 
possible components of nano-scaled electronic circuits. In 
particular, hybrid materials obtained by functionalizing 
metals or semiconductors with biomolecules or bio-inspired 
molecular systems have been recently synthesized, paving 
the way for the fast-growing field of bionanoelectronics. In 
this contribution the photocurrent generation properties of 
mono- and bi-component peptide-based self-assembled 
monolayers (SAMs) immobilized on a gold surface were 
studied by electrochemical, spectroscopic and microscopic 
techniques. The peptides investigated comprise exclusively 
Cα-tetrasubstituted α-amino acids. These residues, due to 
their peculiar conformational properties, force the peptide 
backbone to attain a helical conformation, as confirmed by 
X-ray crystal structure determinations and CD 
measurements in solution. An important feature of helical 
peptides is the electrostatic field generated by the 
macrodipole resulting from the vector sum of the electric 
dipoles associated to the peptide bond of each residue (3.5 
D). This property imparts a specific polarity to a self-
assembled monolayer (SAM) formed by helical peptides 
thiolated at the N-terminus, with the negative charge (δ-) at 
the C-terminus and the positive charge (δ+) at the N-
terminus. It has been shown that such electrostatic field 
significantly affects the gold surface potential, and the 

efficiency and direction of the ET process through the 
peptide chain, stabilizing the charge-transfer state properly 
aligned along the field. The peptides investigated were 
suitably functionalized with chromophores strongly 
absorbing in the UV region with the aim at enhancing the 
efficiency of the photocurrent generation (antenna effect). 
The influence of the nature of the peptide/gold interface on 
the ET process (junction effect) was analyzed by 
comparing the photocurrent efficiency in peptide SAMs 
immobilized on a gold surface through Au-S linkages with 
that in a bi-component peptide SAM formed by a 
photoactive peptide embedded into the covalently linked 
monolayer produced by a thiol Nα-functionalized peptide. 
 
P476. Abstract number: 67 
Vibrational energy transport in a peptide capping layer 
over gold nanoparticles 
A. Moretto1, M. Schade2, P.M. Donaldson2, P. Hamm2, C. 
Toniolo1

1Department of Chemistry, University of Padova, 
PADOVA, Italy 
2Institute of Physical Chemistry, University of Zürich, 
ZÜRICH, Switzerland 
Gold nanoparticles have found numerous applications in 
life sciences as labels, where they are often covered by 
biocompatible capping agents. Thermal relaxation 
processes in metal nanoparticles and the subsequent 
energy transfer process into a solvent have reached 
considerable interest in current research. To obtain site-
selective information about different positions in a 310-
helical peptide capping layer we used 13C isotope labeling. 
The two peptides studied were HS-CH2CH2-O-CO-NH-Aib-
Ala*-Aib6-OMe (1) and HS-CH2CH2-O-CO-NH-Aib3-Ala*-
Aib4-OMe (2), where an asterisk indicates a 13C=O label. 
The N-terminal HS-groups of these peptides allow covalent 
attachment to the gold nanoparticles. Due to a difference in 
the metal core diameter (sample 1, 1.2 nm; sample 2, 2 
nm) the plasmon resonance in the Vis spectrum of 2 is 
more pronounced. Because of the size-dependent 
surface/volume ratio a higher absolute concentration of 2 is 
needed to reach the same effective peptide concentration 
as 1. In a VIS pump /IR probe experiment we deposited 
vibrational excess energy in the gold nanoparticles by 
exciting their plasmon resonance and monitored the 
responses of spectrally resolved C=O ”thermometers”in the 
backbone of the helical peptides. The sequential 
appearance of the bleach maxima of the different C=O 
reporter units nicely showed the propagation of vibrational 
energy through the capping layer: the further a reporter unit 
is away from the heated gold nanoparticle, the later and 
the less vibrational energy arrives. We observed that the 
cooling behavior depends on the particle size: due to a 
lower surface/volume ratio, bigger particles cool slower. To 
analyze the structural distribution and its dynamics, we 
recorded the 2D-IR spectra of the capping layer. From the 
distinct tilt of the 2D-IR peaks, in particular the isotope 
labeled one, we concluded that the transitions are strongly 
inhomogenously broadened. The increased 
inhomogeneous broadening, compared to that of the 
isolated peptides in solution, indicates strong interactions 
among the aligned peptides in the capping layer or 
between the peptides and the gold nanoparticles.  
 
P477. Abstract number: 162 
Cyclic amino acid-containing alpha-helical peptide-
catalyzed enantioselective epoxidation reaction 
M.T. Tanaka1, M Nagano2, M Doi3, M Kurihara4, H 
Suemune2

1Nagasaki University, NAGASAKI, Japan 
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2Kyushu University, FUKUOKA, Japan 
3Osaka University of Pharmaceutical Sciences, OSAKA, 
Japan 
4Division of Organic Chemistry, National Institute of Health 
Sciences, TOKYO, Japan 
Poly L-alpha-amino acids-catalyzed asymmetric 
epoxidation of chalcone was reported by Julia, Colonna 
and co-workers. They studied the generality of substrates, 
reaction conditions, effect of the length of oligomers, and 
reaction mechanisms. In the reaction, poly L-alpha-amino 
acids might form alpha-helical structures, and their alpha-
helical N-termini are important for asymmetric induction. To 
stabilize the alpha-helical structure of catalyst, 
polyethyleneglycol and resin-attached L-Leu oligomers 
have been developed, and thus, the high molecular weight 
and insolubility of catalysts were in part overcome.  
Replacement of α-hydrogen atom of L-alpha-amino acids 
results in alpha,alpha-disubstituted amino acids (dAA). An 
alpha,alpha-disubstituted amino acid, alpha-
aminoisobutyric acid (Aib), is well-known, and is widely 
used to construct helical secondary structures of 
oligopeptides. Helical secondary structures constructed 
using Aib are usually not alpha-helices but 310-helices. 
Oligomers having Aib (310-helices) were used as catalysts 
for the asymmetric epoxidation of chalcone, but high 
enantiomeric excess of epoxide was not obtained.  
Recently, we have disclosed that cyclic amino acid-
containing L-Leu-based peptides preferentially formed 
right-handed (P) alpha-helices. Thus, we reasoned that 
cyclic amino acid-containing peptides would catalyze the 
asymmetric epoxidation of chalcone. We synthesized chiral 
cyclic amino acid-containing peptide catalysts for 
enantioselective epoxidation, revealed the relationship 
between the helical secondary structures and enantiomeric 
excesses, and re-modeled the peptide catalyst by taking 
the hydrogen bonding pattern of helices into consideration. 
Finally, we developed highly enantioselective epoxidation 
of alpha,beta-unsaturated ketones using chiral cyclic amino 
acid-containing L-Leu peptide as a helical catalyst. 
 
P478. Abstract number: 383 
Rigid, hydrophilic, macroporous, methacrylate 
functionalized SynbeadsTM polymers for efficient 
industrial SPPS 
LS Sinigoi1, A Basso1, P Braiuca1, L Gardossi2
1SPRIN S.p.A., TRIESTE, Italy 
2Università degli Studi di Trieste, TRIESTE, Italy 
Nowadays many peptide drugs are produced in multi-tons 
scale on solid support.1  
Efficiency of solid phase synthesis is strongly related to 
supports. Not all the commercial supports are compatible 
with the different types of solvents and reagents, so the 
proper support must be selected for each specific 
application. The general requirements of the support to be 
used in automated and large scale SPPS are mechanical 
stability, chemical inertness, consistency of loading, and 
bead size.  
SynbeadsTM are methacrylate functionalised hydrophilic 
supports with very high physico-chemical stability in 
several harsh conditions.2,3 It has already been evidenced 
that these supports have a perfectly calibrated functional 
group density and thanks to their characteristic 
macroporous structure optimal reagent diffusion is 
guaranteed. HR-MAS NMR analysis showed that this 
technique allows monitoring reaction steps directly on 
Synbeads; functional group density can also be quantified 
on the matrix.  
We demonstrated that the flexibility of the linkers, once 
coupled on SP, is directly correlated with chemical 

accessibility. One of the major advantages of using a rigid 
matrix as Synbeads is the significant reduction of solvents, 
reagents and time consuming in the synthesis of peptides 
of pharmaceutical interest. Different peptides have been 
synthesized on Synbeads with the aim of comparing yield 
and purity with standard commercial swelling polymers.  
Cheap and reactive reagents and linkers such as 
DIC/HOBt coupling reagents with Ramage and Rink linkers 
have been tested to demonstrate that Synbeads can be 
easily applied also in these disadvantageous reaction 
conditions allowing peptide production with high yields and 
product purity. Results demonstrated that peptide 
synthesis on Synbeads can be easily performed allowing 
very high yields and product purity, even in comparison 
with other commercial swelling supports.  
1. T. Bruckdorfer, O. Marder, F. Albericio, Current 
Pharmaceutical Biotechnology, 2004, 5, 29-43.  
2. A. Basso, P. Braiuca, L. De Martin, C. Ebert, L. 
Gardossi, P. Linda, S. Verdelli, A. Tam, Chemistry: A 
European Jouranl, 2004, 10, 1007-1013.  
3 L. Sinigoi, P. Bravin, C. Ebert, N. D’Amelio, L. Vaccari, L. 
Ciccarelli, S. Cantone, A. Basso and L. Gardossi, Journal 
of Combinatorial Chemistry, 2009, 11 (5), 835-845.  
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P479. Abstract number: 187 
Site-specific lipidation of unstructured peptides 
sequences as a method for producing amyloid-like 
peptide assemblies. 
MP Lopez Deber1, D Hickman1, D Mlaki1, D Nand2, M 
Baldus2, A Pfeifer1, A Muhs1

1AC Immune, LAUSANNE, Switzerland 
2Bijvoet Center for Biomolecular Research, Utrecht 
University, Padualaan 8, 3584 CH UTRECHT, The 
Netherlands 
Lipidation of peptides is commonly used to alter their native 
conformation, improve their proteolytic stability, increase 
membrane permeability and immunogenicity. Modification 
of amyloid beta peptides with lipid chains has been shown 
to influence their propensity for aggregation and their 
cytotoxicity as a consequence of the increased 
amphiphilicity.  
We have investigated the induced change in the properties 
of a series of peptides upon introduction of hydrophobic 
domains. In order to probe the scope of the methodology, 
native and mutated sequences derived from the known 
unstructured N-terminus of amyloid beta were selected for 
the study. Specifically, different numbers and types of lipid 
chains were introduced at the C-terminus and/or N-
terminus of the peptide sequence through the side chain of 
added lysine residues. The influence of different 
parameters (type and number of lipid chains, peptide 
sequence, peptide length and net charge) in the 
conformation adopted and aggregation state of the 
resulting lipopeptides was determined by different physico-
chemical and spectroscopic techniques.  
In summary, several disordered sequences could be tuned 
into a more ordered amyloid-like conformation suggesting 
that the method could be general. Importantly the 
described site-specific lipidation triggered peptide 
assembly into beta-sheets fibers without any additional 
external factor (pH, ionic strength, enzymes, temperature, 
light, etc) and independently of the amino acid sequence. 
The resulting amphipatic peptides could have application 
as immunogenic constructs, peptidomimetics, bioactive 
scaffolds, nanostructure materials, antimicrobial agents, 
etc.  
 
P480. Abstract number: 280 

dendrimers as iron protein models 
P. G.-B. Geotti-Bianchini, N Uhlich, T Darbre, JL Reymond 
University of Berne, BERN, Switzerland 
Peptide dendrimers are hyperbranched molecules which 
possess suitable properties as soluble protein models, 
such as a hindered, solvent-shielded core reminiscent of 
many enzyme active sites and multiple peripheral groups 
which can improve water solubility as well as display 
cooperativity. Since peptide dendrimers are composed of 
amino acids, their chemico-physical properties and hence 
their activity are easily tunable by modifying their sequence 
or introducing non-natural amino acids.  
In our research on metalloenzyme models, we have 
employed dendrimers containing bipyridyl-based moieties 
for the complexation of late transition metals, in particular 
iron. We have recently reported[1] the synthesis of a 
combinatorial library of peptide dendrimers carrying a 
bipyridyl derived amino acid (Bpy) in the focal point. A 
colorimetric assay of iron binding on solid phase, as well as 
spectrophotometric binding tests in solution, showed that 
the ability of the bipyridyl containing dendrimers to bind 
Fe(II) is strongly modulated by the properties of the amino 
acid residues in the sequence. In particular, positively 
charged sequences didn’t show any complex formation, 

but were able to form mixed iron complexes together with 
negatively charged dendrimers.  
We have then prepared dendrimers carrying two Bpy 
residues, one in each of the two first generation branches. 
The presence of two bidentate ligands in the same 
molecule was shown to strengthen metal binding. Some of 
the dendrimers have shown formation of 2:1 complexes 
with iron, in which the coordination valence of the metal 
was saturated by two bipyridyl units from one dendrimer 
and a third one from a second dendrimer.  
[1] N. A. Uhlich, P. Sommer, C. Bühr, S. Schürch, J.-L. 
Reymond, T. Darbre, Chem. Commun. 2009, 6237.  
 
P481. Abstract number: 285 
Synthesis Of Self-Assembled Glycolipopeptide And Its 
Activation Of Peritoneal Macrophages  
T Inazu, A Suzuki, Y Suzuki, N Kojima 
Tokai University, HIRATSUKA, KANAGAWA, Japan 
The glycoconjugates play important roles, such as 
intercellular recognition, proliferation control of a cell, the 
information transmission and so on. Peritoneal 
macrophage (PEM) was activated by artificial 
oligomannnose-coated liposome (OML) 1). Recently we 
have reported the synthesis of the self-assembled 
lipopeptide, Ac-Tyr-Ser-Gln-Glu(Hda)-Gln-Ser-Ser-Ser-
Ser-Gln-Glu(Hda)-Gln-Ser-Gly-NH2, using Fmoc-Glu(Hda)-
OH2). This Glu(Had) residue has a long alkyl chain 
consisting of hexaethleneglycol and decanamine. From 
AFM and TEM images, we speculated that this lipopeptide 
might form a cylindrical micelle. In order to develop the 
alternative of OML, we synthesized a self-assembled 
glycolipopeptide, Ac-Tyr-Ser-Gln-Glu(Hda)-Gln-Ser-
Ser(Man)-Ser-Ser-Gln-Glu(Hda)-Gln-Ser-Gly-NH2, having 
Ser(Man) and Glu(Hda) residues. From the AFM and TEM 
images, we found the synthesized glycolipopeptide might 
form spherical vesicle and planar bilayer. Next we 
analyzed production of interleukin (IL)-12 from peritoneal 
macrophages stimulated with synthesized glycolipopeptide 
by ELISA. We found this self-assembled glycolipopeptide 
showed the similar activity to those of OML. Details of 
these results will be discussed.  
[1] Ikehara, Y., Shiuchi, N., Kabata-Ikehara., S.,Nakanishi, 
H., Yokoyama, N., Takagi, H., Nagata, T., Koide, Y. 
Kuzushima, K., Takahashi, T., Tsujimura, K., and Kojima, 
N. (2008) Cancer Lett., 260, 137-145.  
[2] Suzuki, A., Suzuki, Y., Kuramochi, M.,and Inazu, T. 
(2009) ”Peptide Sciense 2008: Proceeding of 45th 
Japanese Peptide Symposium,”ed. by M. Nomizu, The 
Japanese Peptide Society, Osaka, pp.151-154.  
 
P482. Abstract number: 301 
Computational Studies of the Stability and Chirality of 
Self-assembled Complexes of a Novel Iron(II)-binding 
Insulin Derivative 
NJC Christensen1, H Munch2, S Thiis Heide1, T Hoeg-
Jensen3, P Waaben Thulstrup1, K J. Jensen2

1Department of Basic Sciences and Environment, 
Bioinorganic Chemistry, LIFE-KU, FREDERIKSBERG C, 
Denmark 
2Department of Basic Sciences and Environment, 
Bioorganic Chemistry, LIFE-KU, FREDERIKSBERG C, 
Denmark 
3Novo Nordisk, MAALOEV, Denmark 
In a concurrent study, we demonstrated experimental 
evidence for the iron(II) directed self-assembly of a novel 
insulin derivative (human insulin (B9Asp + B27Glu)) 
functionalized with bipyridine through the B29Lys side-
chain. Here we present the results from computational 
studies on several putative self-assembled states involving 

Design and synthesis of bipyridyl-containing peptide 
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the chelation of iron(II) by three engineered insulin 
monomers. In particular, we demonstrate the application of 
molecular dynamics (MD) simulations in probing the 
relative stability of four trimeric insulin complexes, each 
corresponding to one of the two enantiomers (∆ or Λ) of 
the meridional (mer) and facial (fac) configurations at the 
Fe(bipy)3 site. Through application of time-dependent 
density functional theoretical calculations on the 
coordination environment around the metal ion, the 
electronic spectra of the diastereomers have been 
predicted. By comparison with experimental UV-VIS and 
circular dichroism spectra, the stereochemistry of the 
species found in solution can be assigned. 
 
P483. Abstract number: 366 
'Super Helix' Formation by Stapled 14-Helical Hexa-β3-
Peptides 
D Gopalan, D Traore, M Del Borgo, Y Bergman, J Wilce, M 
Wilce, M Aguilar, P Perlmutter 
Monash University, MELBOURNE, Australia 
β3-Peptides, (oligomers of β3-amino acids) are among the 
most widely studied unnatural peptides at present, due to 
their ability to adopt discrete and stable secondary helical 
structures. Of the many types of helices formed by β3-
peptides, 14-helices are particularly interesting as they 
have 3 residues per helical turn (with a pitch of 5.0Å) and 
are stabilized by 14 membered hydrogen bonding rings. 
This allows the side chains to be aligned perfectly in three 
faces. The residues at positions i/i+3 are not only on the 
same face of the helix but are also are relatively close to 
each other. The aim of this study was to design and 
synthesise novel 14-helical stapled β3-peptides on which 
further functionalisation of the stapled face of the helix can 
be performed and used to create novel peptide 
assemblies.  
β3-Peptides were synthesised by incorporating O-allyl-β3-
serines and allyl-β3-glycines at i/i+3 positions and efficiently 
stapling the allyl groups via Ring Closing Metathesis 
(RCM) on a solid support1. The CD and 2D-NMR spectra 
showed that β3-peptides, stapled as well as unstapled, 
exhibited 14 helix signatures. Crystallography confirms that 
the peptides are not only 14-helical but that they assemble 
into ‘super-helices’. These are rod-like structures which 
self-assemble axially through three inter-molecular 
hydrogen bonds between adjacent peptides. The crystal 
packing shows that ‘super-helices’ are arranged in anti-
parallel sheets and are held together by hydrophobic 
interactions and apparently critical hydrogen bonding. 
Thus, the binding motifs can be enhanced by attaching 
functional groups on the stapled face of the β-peptides to 
generate new molecules of biological significance.  
1. Bergman, Y. E., et al, Org. Lett., 2009, 11, 4438.  
 
P484. Abstract number: 449 
Tubomicella of gene transfection agent 1,4-
dihydropyridine lipid and its binding with DNA 
I L Liepina1, A Zemitis1, G Duburs1, C Czaplewsky2, A 
Liwo2

1Latvian Institute of Organic Synthesis, RIGA, Latvia 
2 University of Gdansk, Faculty of Chemistry, GDANSK, 
Poland 
Artificial lipids are in wide use for gene and drug delivery. 
In our prior work [1] we showed with molecular dynamics 
(MD) simulation, that the gene transfection agent, 1,1’-
{[3,5-bis(dodecyloxycarbonyl)-4-phenyl-1,4-dihydropyridin-
2,6-diyl]dimethylene} bispyridinium dibromide (1,4-DHP 
lipid) [ 2, 3] formed a tubular micellae, if started from a lipid 
bilayer, and the existence of worm-like structures was 
confirmed by electron microscopy. In the present work 

using MD is shown that the 1,4-DHP lipid tubular micellae 
is stable in a bigger amount of water, as well as the 
systems of four or five tubular micellaes are stable. The rod 
of 15-mer DNA was put aside of the five tubular micellaes 
system in a periodic water box, and by MD, Amber 9.0 
force field, was simulated how the 1,4-DHP lipid tubular 
micellaes ‘swallow’ the DNA rod. The 1,4-DHP rings tend 
to take tangential position towards the tubular micellae’s 
surface.  
1. I. Liepina, C. Czaplewski, V. Ose, R. Danne, G. Duburs. 
1,4-DHP -lipid forms a tubular micellae. Proceedings of 
NIC Workshop From Computational Biophysics to System 
Biology, Julich, May 19-21, 2008, Germany., NIC, v40, 
Ulrich H.E. Hansman, Jan H. Meinke, Sandipan Mohanty, 
Walter Nadler, Olav Zimmermann (Eds), pp305-307.  
2. Z.Hyvonen, A.Plotniece, I.Reine, B.Chekavichus, 
G.Duburs, A.Urtti Novel cationic amphiphilic 1,4-
dihydropyridine derivatives for DNA delivery. Biochim. 
Biophys. Acta, (2000) 1509, 451 - 466.  
3. Z.Hyvonen, S. Ronkko, M.-R. Toppinen, I. Jaaskelainen, 
A.Plotniece, A.Urtti . Dioleoyl phosphatidylethanolamine 
and PEG-lipid conjugates modify DNA delivery mediated 
by 1,4-dihydropyridine amphiphiles. Journal of Controlled 
Release, (2004) 99, 177-190.  
This work was supported by European Economic Area 
block grant 'Academic Research' LV0015.EEZ09AP- 68, 
and by ESF project 
2009/0197/1DP/1.1.1.2.0/09/APIA/VIAA/014. Calculations 
were performed on computers of the Gdansk Academic 
Computer Center TASK.  
 
P485. Abstract number: 468 
Increasing immunogenicity of murine vitamin K-
dependent protein S through multivalent association 
of native-folded protein domains. 
TMH Hackeng, D Suylen, P Van de Vijver 
Maastricht University, MAASTRICHT, The Netherlands 
Protein S is an essential natural anticoagulant that takes 
part in the major anticoagulant pathways that regulate 
thrombin formation. Homozygous deficiencies in protein S 
are lethal and partial deficiencies result in an increased risk 
of development of thrombosis. Murine venous and arterial 
models of thrombosis are widely applied to study the 
mechanisms of thrombosis development, therapeutics, and 
the role of coagulation proteins therein. Measuring and/or 
influencing protein S in these models using antibodies 
against murine protein S is essential to unravel the 
mechanisms underlying the anticoagulant properties of 
protein S. Until now, despite multiple efforts by different 
groups, it has been found difficult to impossible to raise 
antibodies against murine protein S.  
The goal of this project was the development of an 
immunogenic structure based on the anticoagulant protein 
S thrombin sensitive region (TSR: residues 46-75; 1 
disulfide) of murine protein S. We tried to increase the 
immunogenicity of the protein S TSR loop through a dual 
approach: the single tyrosine in the TSR loop was replaced 
by para-nitro-phenylalanine (TSR-NO2-Phe) and the TSR 
loop was introduced on a tetravalent dendritic scaffold 
(TSR)4.  
Since the TSR loop contains a disulfide bond, it was 
necessary to develop a novel strategy to allow the coupling 
of native folded domains to the scaffold. In practice, this 
was done by assembling the modules through SPPS, 
followed by oxidative folding to achieve their native protein 
domain structure. Next, a thiaproline residue, which had 
been introduced at the N-termini of the domains as an 
unlockable cysteine derivative, was reconverted to 
cysteine. Following HPLC purification, the freed thiol was 
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used to react the folded domain with a maleimide-
functionalized dendritic scaffold. Immunizations are 
performed to compare the immunogenicity of mono-TSR 
versus (TSR)4 and (TSR-NO2-Phe)4.  
This novel strategy allows the construction of polyvalent 
dendritic scaffolds decorated with multiple native-folded 
proteins or protein domains, in a simple, clean and 
straightforward way.  
 
P486. Abstract number: 508 
Functionalized Collagen Model Peptides 
S Erdmann, H Wennemers 
University of Basel, Department of Chemistry, BASEL, 
Switzerland 
The stability and many functions of collagen, which is the 
most abundant protein in mammals, depend largely on 
functional groups attached to its backbone.1 Aside from 
hydroxylations other modifications such as, for example, 
naturally occuring galactosylations are known to influence 
the conformational stability of the collagen triple helix.2 

Thus, for a deeper understanding of the factors that govern 
the stability of collagen studies on functionalized collagens 
are important. Also for the development of new collagen-
based materials it is important to understand the impact of 
modifications on the collagen triple helix. The collagen 
single strands consist of repeating Xaa-Yaa-Gly units, 
among them the Pro-Hyp-Gly triplet is the most prevalent. 
Here we present collagen model peptides (CMPs) with 
azidoproline (Azp) in the Xaa or Yaa position. The Azp 
residues provide sites for functionalizing CMPs with a 
range of different moieties. Functionalization has been 
achieved both by ”click chemistry”and reduction followed 
by amidation to simple amides and triazoles but also more 
complex derivatives such as carbohydrates. The effect of 
these different moieties on the conformational stability of 
the collagen triple helix will be discussed.3  
[1] Shoulders, M. D.; Raines, R. T. Annu Rev Biochem 
2009, 78, 929.  
[2] Bann, J. G.; Peyton, D. H.; Bachinger, H. P. Febs Lett 
2000, 473, 23.  
[3] R. S. Erdmann and H. Wennemers, Manuscript 
submitted for publication.  
 
P487. Abstract number: 570 
Building Blocks for Synthetic Biology: A Basis Set of 
Coiled Coils of Defined Oligomeric State. 
JM Fletcher1, AR Thomson1, AL Boyle1, NR Zaccai2, M 
Bruning1, CT Armstrong1, EHC Bromley1, RL Brady2, DN 
Woolfson1

1School of Chemistry, University of Bristol, BRISTOL, 
United Kingdom 
2Department of Biochemistry, University of Bristol, 
BRISTOL, United Kingdom 
The recent surge of interest in the field of synthetic biology 
has given rise to an increased demand for small, 
independently-folded peptide and protein components 
which may be used as building blocks for the generation of 
self-assembling multicomponent biological systems [1]. 
Arguably, the most thoroughly understood protein fold is 
the coiled coil: a motif consisting of several (from two, up to 
seven) alpha helical strands supercoiled around one 
another with characteristic ”knobs-into-holes”packing 
around a central hydrophobic core [2]. In order for these 
peptides to be of broad utility in synthetic biology however, 
control of coiled coil oligomeric state, as well as 
orthogonality with respect to other components of the 
system is vital. To this end, we have recently described a 
series of six designed peptides which, when combined in 
solution, form three targeted heterodimers in preference to 

any other undesired pairing [3]. In the present study 
however, we have sought to expand these design 
principles and develop a small family of minimal homo-
dimeric, trimeric, and tetrameric coiled coils which are both 
robustly folded, and capable of folding discreetly in the 
presence of one another. In this presentation we detail the 
design, full biophysical characterisation, mutual 
orthogonality, and x-ray crystal structure of these peptides. 
It is our aim that these peptides will not only further our 
understanding of the design rules for specifying coiled coil 
oligomeric state, but be useful for the preparation of new 
biomaterials and of general utility to synthetic biologists.  
[1] Armstrong C. T., et al., (2009) Rational design of 
peptide-based building blocks for nanoscience and 
synthetic biology. Farady Discuss. 143: 305-317  
[2] Woolfson D. N., (2005) The design of coiled-coil 
structures and assemblies. Adv. Prot. Chem. 70: 79-112  
[3] Bromley E. H. C., et al., (2009) Designed α-Helical 
Tectons for Constructing Multicomponent Synthetic 
Biological Systems. JACS. 131 (3): 928-930 
 
 
 



 

 

 

 

 

 

 

 

ANEXO 4 



Quim. Nova, Vol. 33, No. 4, 841-845, 2010

Ar
ti
go

*e-mail: marcheto@iq.unesp.br

SÍNTESE, CARACTERIZAÇÃO E ESTUDOS DE INTERAÇÃO DE UM ANÁLOGO DA ANTITOXINA CcdA 
EMPREGANDO FLUORESCÊNCIA NO ESTADO ESTACIONÁRIO 

Camila Aparecida Cotrim, Saulo Santesso Garrido, Eliane Trovatti e Reinaldo Marchetto*
Departamento de Bioquímica e Tecnologia Química, Instituto de Química, Universidade Estadual Paulista, CP 355, 14800-900 
Araraquara - SP, Brasil

Recebido em 15/5/09; aceito em 23/11/09; publicado na web em 25/3/10

SYNTHESIS, CHARACTERIZATION AND INTERACTION STUDIES OF AN ANALOG OF CcdA ANTITOXIN BY STEADY 
STATE FLUORESCENCE. Toxin-antitoxin (TA) systems contribute to plasmid stability by a mechanism called post-segregational 
killing. The ccd was the first TA system to be discovered with CcdB being the toxin and CcdA the antitoxin. CcdA, an 8.3 
kDa protein, interacts with CcdB (11.7 kDa), preventing the cytotoxic activity of CcdB on the DNA gyrase. As an approach to 
understanding this interaction, CcdA41, a polypeptide derived from CcdA, was synthesized by solid-phase methodology and its 
interaction with CcdB was analyzed by steady state fluorescence. CcdA41 formed a stable complex with CcdBET2, a peptide 
based on CcdB, the more recently described bacterial topoisomerase inhibitor.

Keywords: bacterial toxin; peptides; fluorescence.

INTRODUÇÃO

A viabilidade de células bacterianas que abrigam plasmídeos 
com baixo número de cópias é potencialmente comprometida pela 
presença de produtos codificados por genes plasmidiais, que são tó-
xicos para a célula. Células que carregam tais plasmídeos sobrevivem 
porque estes codificam, além da toxina, um segundo produto que age 
como um antídoto.1 Esses produtos são codificados por dois genes 
organizados em um mesmo operon, e constituem os denominados 
sistemas toxina-antitoxinas (sistemas TA).2 

A expressão dos genes TA é autorregulada em nível transcricional; 
a antitoxina age como um repressor e a toxina geralmente como um 
correpressor, contribuindo assim com a estabilidade do plasmídeo, por 
um mecanismo denominado morte pós-segregacional. A antitoxina é 
uma proteína instável degradada por uma protease ATP-dependente, 
enquanto a toxina é uma proteína estável que inibe um processo ce-
lular essencial. Essa diferença de estabilidade e a meia vida in vivo 
das duas proteínas é a chave para a funcionalidade dos sistemas TA.3 

Após a divisão celular, cada célula filha vai herdar alguns dos 
complexos toxina-antitoxinas do citoplasma. Quando uma célula 
filha não herda uma cópia do plasmídeo, a síntese da antitoxina não 
é mais possível.4 A degradação da antitoxina, subsequentemente, 
levará à liberação da toxina, que poderá então inibir um determinado 
processo celular, levando a célula à morte.

Ccd (control of cell death) foi o primeiro sistema TA identificado e 
está localizado no plasmídeo F, com a toxina sendo denominada CcdB 
e a antitoxina CcdA.5 CcdB é conhecido por atuar em diferentes fases 
do ciclo catalítico da DNA girase, uma topoisomerase essencial para as 
células bacterianas.6 As estruturas cristalinas do CcdB, bem como de um 
complexo formado entre o CcdB e um relevante fragmento da cadeia 
A da DNA girase de Escherichia coli (GyrA14

EC
) já foram descritas.7 

Nesta última, uma importante interação é observada entre o resíduo 
Trp99 do CcdB e Arg462 da girase. Esses estudos estruturais, associados 
à identificação de mutações que induzem a perda de atividade citotóxica 
do CcdB levaram à conclusão de que esses resíduos desempenham 
papel crucial no processo de formação do complexo enzima-CcdB.8 A 
antitoxina CcdA, quando presente, previne a formação deste complexo, 

interagindo com o CcdB, através da formação de um complexo estável 
CcdA-CcdB, antagonizando assim o efeito tóxico do CcdB.9

Acredita-se que a região do CcdA que interage com o CcdB resida 
nos resíduos de aminoácidos carboxiterminais, uma vez que estudos in 
vivo mostraram que uma forma truncada, mutante desta proteína, com os 
primeiros 31 aminoácidos suprimidos (CcdA41), também neutralizou a 
atividade do CcdB, sugerindo que o CcdA41 também forma um comple-
xo com o CcdB.10 Por outro lado, estudos de hidrólise mostraram que um 
dos loop do CcdB, com uma estrutura variável formada pelos resíduos 
Arg40-Leu50, quando na presença de CcdA, permanecem protegidos da 
ação da protease LysC, o que evidencia que este segmento deve funcionar 
como um provável sítio de reconhecimento para o CcdA.11

A proposta da existência de dois tipos de complexos CcdA-CcdB, 
dependentes da razão CcdA:CcdB,12 aliada à recente cristalização de 
um complexo formado pelo CcdB de Vibrio fischeri com um frag-
mento C-terminal de 36 resíduos de aminoácidos da antitoxina do 
plasmídeo F (CcdA

F37-72
),13 têm proporcionado a base estrutural deste 

complexo, porém evidências quanto aos resíduos de aminoácidos 
realmente importantes para a interação molecular do CcdA com a 
toxina, e vice-versa, são escassas.

Neste sentido, CcdA41 (fragmento C-terminal de 41 resí-
duos de aminoácidos do CcdA) foi quimicamente sintetizado 
empregando-se a metodologia da fase sólida, e a interação com 
CcdBET2 e CcdBET3 (análogos peptídicos do CcdB)14 avaliada 
por espectroscopia de fluorescência no estado estacionário. Evi-
dências quanto à importância das regiões C-terminal de CcdA e o 
loop formado pelos resíduos Arg40-Leu50 de CcdB, na formação 
do complexo CcdA-CcdB, são sugeridas. CcdA41 formou um 
complexo estável com o análogo CcdBET2, com uma constante 
de associação de 1,5 ± 0,2 x 104 M-1, obtida através da técnica de 
supressão na fluorescência molecular.15

PARTE EXPERIMENTAL

Material e reagentes

Foram usados N-α-Fluorenilmetiloxicarbonil-aminoácidos 
(Fmoc-aminoácidos), Fmoc-Trp-Wang resina, Fmoc-Ile-Wang resina, 
Di-isopropilcarbodi-imida (DIC) e 1-hidroxi-benzotriazol (HOBt) 
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(Novabiochem-Läufelfingen, Switzerland); Di-isopropiletilamina 
(DIEA)  e ácido trifluoracético (TFA) (Fluka Chemical Corp); DCM 
(diclorometano) e DMF (dimetilformamida) para análise (Nuclear), 
sendo o DMF tratado, borbulhando-se  nitrogênio para remoção de 
contaminantes voláteis e estocado em peneira molecular ativada (4 Å) 
por um mínimo de 30 dias antes do uso; NMP (N-metilpirrolidona) 
e acetonitrila (ACN) (Carlo Erba ou Mallinkrodt). 

Medidas espectroscópicas

Medidas de absorbância e fluorescência foram feitas em um 
espectrofotômetro UV-visível Shimadzu 1601PC e um espectrofluo-
rímetro Varian Cary Eclipse, respectivamente, ambos equipados com 
compartimentos de amostra termostatizados, usando uma célula de 
quartzo de 1,5 mL e 1,0 cm de caminho óptico, contendo uma barra 
magnética para homogeneização. A largura das fendas de excitação 
e emissão de fluorescência foi de 5 nm, para todas as medidas.

Métodos

Síntese e purificação
As sequências peptídicas, descritas na Figura 1, foram sintetizadas 

manualmente pela metodologia da fase sólida,16 de acordo com o proto-
colo padrão que emprega o grupamento base-lábil Fmoc como protetor 
dos α-amino grupos e derivados t-butílicos (t-Bu) para a proteção da 
maioria das cadeias laterais de resíduos de aminoácidos trifuncionais17 
usando Fmoc-Trp-Wang resina (0,60 mmol/g) e Fmoc-Ile-Wang resina 
(0,30 mmol/g) e DIC/HOBT como agentes de condensação. Os grupos 
funcionais das cadeias laterais dos Fmoc-aminoácidos foram protegidos 
pelos seguintes grupos: tBu (t-butila) para Asp, Glu, Ser, Tyr e Thr; Trt 
(tritila) para Asn, Gln e His, Boc (t-butiloxicarbonila) para Lys e Trp e 
Pmc (2,2,5,7,8-pentametil-cromano-6-sulfonila) para Arg.

Na etapa de acoplamento de cada aminoácido, foi empregado 
um excesso molar de 3 equivalentes para o Fmoc-aminoácido e 3 
equivalentes para os reagentes de condensação em DCM:DMF (1:1 
v/v), por 2 h. A eficiência das etapas de acoplamento foi monitorada 
pelo teste de Kaiser18 e, quando positivo, o processo era repetido com 
50% da quantidade inicial dos reagentes. Quando necessário, era rea-
lizado um processo de acetilação usando anidrido acético e DIEA (10 
equivalentes cada) em DMF, por 30 min. A clivagem final do peptídeo 
da resina e a desproteção dos grupos protetores das cadeias laterais 
foi efetuada com uma solução de clivagem (10 mL/g peptidil-resina) 
contendo TFA (94,5%), água deionizada (2,5%), etanoditiol (2,5%) 
e tri-isopropilsilano (0,5%), a 25 ºC por 2 h. Os peptídeos in natura 
foram precipitados com éter dietílico gelado e centrifugados (4 vezes), 
dissolvidos em uma solução aquosa de ácido acético 10% e liofilizados. 
O rendimento dos peptídeos in natura (em peso) situou entre 80 e 90%.

A purificação dos peptídeos foi realizada por cromatografia líquida 
de média eficiência (CLME), usando uma coluna de fase reversa Júpiter 
C18 (250 x 25 mm; 15 μm; 300 Å) com um gradiente convexo de 30 a 
60% (CcdBET2 e CcdA41)  e de 20 a 50% (CcdBET3) de solvente B 
(A: água, 0,04% TFA; B: acetonitrila, 0,04% TFA) em 90 min. O fluxo 
foi de 3,0 mL/min, com detecção em UV a 220 nm. Análises das frações 
foram feitas por cromatografia líquida de alta eficiência (CLAE) em um 
cromatógrafo Varian ProStar, empregando uma coluna de fase reversa 
Nucleosil C18 (250 x 4,6 mm; 5 μm; 300 Å), com um gradiente linear 
de 20 a 80% de solvente B (A: água, 0,045% TFA; B: ACN, 0,036% 
TFA) em  15 min, fluxo  de  1,5 mL/min  e detecção  a  220 nm. 

As análises de aminoácidos resultaram de acordo com o teórico 
esperado (Hidrólise: HCl 6 M a 110 °C por 72 h; analisador: Shima-
dzu LC-10A/C-47A). A identidade dos peptídeos foi confirmada por 
espectrometria de massas com ionização por electrospray (ESIMS) 
em um espectrômetro Micromass, modelo ZMD.

Estudos de fluorescência
A supressão da fluorescência de CcdA41 pelos análogos 

CcdBET2 e CcdBET3 foi determinada como uma função da 
concentração destes análogos, como segue: alíquotas (5-100 μL) 
de uma solução estoque de CcdBET2 (520 μM) ou CcdBET3 
(580 μM) foram adicionadas a uma solução 25 μM  de CcdA41 
(1,0 mL) em tampão padrão (Tris-HCl 10 mM, pH 7.2 / NaCl 20 
mM / MgCl

2
 5 mM), à 25 °C. Antes da medida da fluorescência, 

as amostras foram homogeneizadas e equilibradas no suporte de 
cubeta com o obturador de excitação fechado. O comprimento de 
onda de excitação foi de 280 nm, com a emissão medida a 350 nm 
(ensaios com CcdBET2) ou a 355 nm (ensaios com CcdBET3). 
Para evitar a contribuição dos dois análogos nas medidas de flu-
orescência do CcdA41, ensaios paralelos foram executados, nas 
mesmas condições anteriores, porém na ausência de CcdA41. Os 
valores de emissão intrínseca de CcdBET2 e CcdBET3 na região 
de análise foram, então, utilizados na correção da emissão de 
fluorescência do CcdA41, subtraindo-se a fluorescência obtida 
dos valores de fluorescência do CcdA41, obtidos após a adição de 
cada alíquota. A intensidade de fluorescência observada, em todas 
as condições, foi corrigida para perda de sinal devido ao efeito 
de diluição e por efeito de filtro óptico causada por uma possível 
absorção dos análogos peptídicos.19  

Os dados obtidos foram representados em um gráfico de Stern-
Volmer, onde a variação da fluorescência relativa do CcdA41 (F

0
/F) 

foi avaliada em função da concentração de cada um dos análogos 
CcdBET2 e CcdBET3. As constantes de associação entre estes aná-
logos e o CcdA41 foram determinadas a partir do coeficiente angular 
da curva descrita pela Equação 1, em duas diferentes temperaturas 
(25 e 45 ºC).

F
0
/F = 1 + K

sv 
[Q] (1)

onde F
0
 e F representam a intensidade de fluorescência do CcdA41, 

na ausência e presença de um dos análogos peptídicos, respectiva-
mente, [Q] a concentração dos peptídeos CcdBET2 ou CcdBET3 e 
K

sv
 a constante de supressão.20 

RESULTADOS E DISCUSSÃO

Design e síntese

Baseado na estrutura cristalina do CcdB,7 dois análogos lineares 
desta toxina foram projetados e sintetizados, pela metodologia da 
fase sólida.14 No design destes dois análogos, foram considerados a 
α-helice C-terminal de 13 resíduos de aminoácidos, o loop  formado 
pelos resíduos Arg40-Leu50 (da folha que se projeta para fora da 
molécula como uma  asa), a folha β N-terminal (Met1-Leu9) e os 

Figura 1. Estrutura primária dos análogos peptídicos sintetizados quimica-
mente pela metodologia da fase sólida
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resíduos Gly100 e Ile101 que parecem desempenhar papel importante 
na formação do complexo CcdB-GyrA.7,14 

Deste modo, CcdBET2 e CcdBET3 foram sintetizados e purifica-
dos como descrito na parte experimental. Após o processo de purifica-
ção, 14,8 mg (16,5% de rendimento) e 18,0 mg (19,0% de rendimento) 
de CcdBET2 e CcdBET3 foram obtidos, respectivamente. HPLC: 25 
°C, 8,58 e 8,51 min para CcdBET2 e CcdBET3, respectivamente. 
Espectrometria de massas com ionização por electrospray (ESIMS): 
m/z (M + 4H)+4 = 1219 (CcdBET2) e 1154 (CcdBET3); M

T
 = 4871,8 

e 3459,2 g/mol, respectivamente.
Uma sequência truncada do CcdA contendo 41 resíduos de amino-

ácidos tem sido descrita como uma sequência simplificada que mantém 
a mesma atividade antídoto do CcdA.10 A predição da estrutura secun-
dária do CcdA sugere a existência de 2 ou 3 α-hélices no domínio C-
terminal do CcdA, justamente na região de 41 resíduos que constituem 
a molécula de CcdA41.11 Além disso, a proteção deste domínio pelo 
CcdB, frente à degradação promovida por proteases, leva a acreditar 
que a interação do CcdA com o CcdB ocorra nesta região. Desta forma, 
decidiu-se por sintetizar quimicamente esta sequência, com o intuito 
de se avaliar o grau de interação com os diferentes análogos de CcdB.  

Deste modo, empregando-se a mesma estratégia Fmoc/tBu, utili-
zada para  os  análogos  de CcdB (Parte Experimental), sintetizou-se  a 
sequência CcdA41 na escala de 0,25 mmols, partindo-se de 416 mg de 
Fmoc-Trp-Wang-resina (0,60 mmol/g). Foram obtidos ao final, cerca de 
2 g de peptidil-resina, sendo que 985 mg foram utilizadas no processo 
de clivagem (Parte Experimental) obtendo-se 398 mg de peptídeo in 
natura. Parte desta massa (76 mg) foi purificada por CLME, obtendo-
se ao final 14 mg de CcdA41 (18% de rendimento) com um grau de 
pureza de 97%. O conteúdo peptídico situou-se na faixa de 85% e a 
proporção relativa de aminoácidos apresentou-se dentro do esperado.

A Figura 2 mostra o perfil cromatográfico do análogo CcdA41 
purificado por CLME,  onde é exibido um  pico único com t

r
 = 7,73 

min. A massa molecular teórica de 4941,52 g/mol foi confirmada por 
espectrometria de massas, empregando ionização por electrospray 
(ESIMS): m/z = 1648 (M + 3H)+3; 1236 (M + 4H)+4; 989 (M + 5H)+5.

Estudos de fluorescência

Estudos qualitativos do efeito do CcdBET2 na fluorescência in-
trínseca do CcdA41 já apontavam para uma possível interação entre as 

espécies. CcdA41 tem um máximo de emissão a 355 nm, caracterizando 
alta exposição dos resíduos de triptofano ao solvente. A adição de Ccd-
BET2 resultou em um pequeno deslocamento para o azul na emissão da 
fluorescência (emissão a 350 nm), indicando que ao menos um resíduo de 
triptofano da molécula de CcdA41 está inserido no interior do complexo 
(dados não mostrados). O mesmo efeito não foi observado com a adição 
de CcdBET3. Estes resultados prontamente nos incitaram a determinar 
os parâmetros de interação para o sistema CcdA41-CcdBET2, além de 
avaliar a importância do loop Arg40-Leu50, nesta interação.

Os parâmetros de interação foram estudados através da análise da 
supressão da fluorescência intrínseca do CcdA41 resultante da pos-
sível interação com cada um dos peptídeos CcdBET2 e CcdBET3.15 
A variação da intensidade de fluorescência relativa do CcdA41, 
no comprimento de onda de emissão de 350 nm (l

ex
= 280 nm) em 

função da concentração de CcdBET2 ou de 355 nm em função da 
concentração de CcdBET3, está representada na Figura 3.

Dados de supressão geralmente são apresentados como uma 
variação de Fo/F em função da concentração de um agente supressor, 
no caso um dos peptídeos CcdBET2  ou CcdBET3, de acordo com a 
Equação 1. Uma linearidade, como observada na Figura 3, para ambos 
os peptídeos, é um indicativo da existência de uma única classe de 
fluoróforos, em CcdA41, todos igualmente acessíveis aos supressores. 

Por outro lado, uma linearidade na representação gráfica de Stern-
Volmer pode resultar tanto de uma supressão dinâmica ou colisional como 
de uma supressão estática (formação de complexo). Ambas podem ser 
diferenciadas através de uma avaliação comparativa em diferentes tem-
peraturas. Uma diminuição na constante de supressão, com a elevação da 
temperatura, é esperada no caso de supressão estática. Em contraste, um 
efeito inverso é observado para uma supressão dinâmica.20 Para ambas, a 
dependência de Fo/F em relação a [Q] (Equação 1) é idêntica, exceto que 
a constante de supressão (K

sv
), para uma supressão estática, corresponde 

à constante de associação (K
a
) do complexo formado.20

O valor da constante de associação (K
a
 = 1,5 ± 0,2 x 104 M-1) 

para o complexo CcdBET2-CcdA41, a 25 ºC, foi obtido a partir da 
inclinação da curva de Stern-Volmer para a identificada supressão 
estática (Figura 4A), de acordo com a equação descrita na parte ex-
perimental.20 O valor obtido de K

a
 é resultado de uma média de pelo 

menos cinco medidas, incluindo o desvio padrão.
Como CcdBET2, uma diminuição na intensidade da fluorescência 

de CcdA41, em função da concentração de CcdBET3, também foi ob-
servada (Figura 3). Porém, diferentemente de CcdBET2, os estudos da 
dependência da temperatura identificaram que, neste caso, a supressão 

Figura 2. Perfis cromatográficos obtidos em escala analítica para o análogo 
peptídico CcdA41, antes (A) e após (B) purificação. Coluna de fase reversa 
Nucleosil C

18
 (25 x 0,46 cm; 5 µm; 300 Å), com um gradiente linear de 20 a 

80% de solvente B (A: água, 0,045% TFA; B: ACN, 0,036% TFA) em 15 min, 
fluxo de 1,5 mL/min e detecção a 220 nm

Figura 3. Interação do CcdA41 com CcdBET2 (•) e CcdBET3 (Δ) a 25 °C. 
CcdBET2 ou CcdBET3 (5 a 100 µM) foram adicionados a uma solução 25 
µM de CcdA41 e a fluorescência medida com excitação a 280 nm e emissão 
a 350 nm (CcdBET2) ou 355 nm (CcdBET3), após cada adição. A inclinação 
da curva de Stern-Volmer representa a constante de associação para uma 
supressão estática. Para uma supressão do tipo dinâmica, a inclinação re-
presenta a constante de supressão de Stern-Volmer
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observada foi dinâmica (Figura 4B), resultante de encontros colisionais 
entre as espécies e não devido à formação de um complexo. Portanto, 
a inclinação da curva de Stern-Volmer não resulta na constante de 
associação e sim na constante de supressão de Stern-Volmer (K

sv
 = 

9,0 x 102 M-1). Este resultado intensifica a hipótese de que a interação 
do CcdA com o CcdB ocorre na região constituída pelos aminoácidos 
Arg40-Leu50, uma vez que a ausência desta região em CcdBET3 
resultou em completa perda de interação entre os análogos peptídicos.

Para confirmar estes resultados, consideraram-se os dois proces-
sos como supressões dinâmicas, ambos a 25 ºC. Neste caso K

sv
 = K

q
τ

0
, 

onde K
sv

 representa a constante de Stern-Volmer, K
q
 a taxa de colisão 

e τ
0
 o tempo de vida da biomolécula sem o supressor, respectivamente. 

Considerando que o tempo de vida estimado para um biopolímero, 
como o CcdA41, é da ordem de 10-8 s,21 e K

sv
 o coeficiente angular 

das retas representadas na Figura 3, os valores de K
q
 podem ser 

calculados para ambos, CcdBET2 e CcdBET3.
Para CcdBET2, o valor de K

q
 (1,5 x 1012 M-1 s-1) é bem superior 

ao valor máximo da taxa de colisão obtido por diferentes supressores 
com um determinado biopolímero (2,0 x 1010 M-1s-1),22 mostrando que 
a supressão, neste caso, foi iniciada não por colisões dinâmicas, mas 
sim pela formação de um complexo. Por outro lado, K

q 
= 9,0 x 1010 

M-1s-1 para CcdBET3, próximo aos valores obtidos para diferentes 
biopolímeros, evidencia uma supressão colisional.

A elevação da temperatura resulta em uma diminuição da estabi-
lidade dos complexos e, portanto, valores mais baixos na constante 
de supressão estática, o que explica a diminuição na inclinação da 
curva de Stern-Volmer observada para CcdBET2 (Figura 4A). O valor 
da constante de associação obtida a 45 ºC (K

a
 = 1,1 ± 0,2 x 104 M-1) 

corresponde a uma diminuição na faixa de 25%. Valores entre 10 e 
40% já haviam sido obtidos para diferentes complexos,23 incluindo 
aqueles obtidos com proteínas, tais como a soroalbumina humana ou 
bovina,24 justificados basicamente pelas diferenças de estabilidade 
térmica dos diferentes complexos formados.

Por outro lado, a supressão resultante de processos dinâmicos 
é dependente da difusão. Assim, altas temperaturas resultam em 
maiores coeficientes de difusão e, consequentemente, aumento na 
constante de supressão bimolecular, como observado para CcdBET3 
(K

sv
 = 13 x 102 M-1  - Figura 4B).
Apesar de haver estudos envolvendo a identificação das regiões e/

ou resíduos de aminoácidos envolvidos na interação do CcdB com o 
CcdA, estes se limitam à atividade e à estrutura do complexo,11-13 porém 
sem a caracterização molecular e os níveis de interação das espécies, de 
modo que não há até o momento, a obtenção e divulgação de um valor 
da constante de associação molecular entre a toxina e o seu antídoto 
CcdA. Neste sentido, o valor obtido neste trabalho, entre o derivado 
ativo do CcdA (CcdA41) e um análogo peptídico, igualmente ativo do 
CcdB (CcdBET2),14 representa o primeiro e único dado disponível, 
que resulta na quantificação dos níveis de interação, mesmo que entre 
espécies derivadas, da toxina bacteriana CcdB e o seu antídoto CcdA.

CONCLUSÃO

CcdBET2 é o primeiro exemplo de um peptídeo sintético derivado 
da toxina CcdB, com atividade inibitória em topoisomerases bacte-
rianas, com interação com a antitoxina, a exemplo do sistema natural 
CcdB-CcdA. Interessante é que uma molécula como o CcdBET2, 
dimensional e estruturalmente diferente, apresente grande afinidade 
pela antitoxina. Com os resultados apresentados, é possível especular 
sobre a importância do loop formado pela sequência Arg40-Leu50 
em uma relação estrutura-atividade do análogo CcdBET2. O análogo 
CcdBET3 que, diferentemente do CcdBET2, não inclui o fragmento 
Arg40-Leu50 na sua estrutura primária, não apresentou interação com 
a antitoxina. Provavelmente, peptídeos com este fragmento contêm 
a informação adequada para induzir a formação de um complexo 
peptídeo-antitoxina estável. 

Os ensaios de fluorescência no estado estacionário foram sufi-
cientes para concluir a respeito da importância do fragmento Arg40-
Leu50 no processo de interação com CcdB. Além disso permitiu, de 
maneira inédita, a determinação da constante de associação entre uma 
toxina e a respectiva antitoxina, valores não descritos na literatura até 
o momento. Também foi possível evidenciar que o uso de pequenos 
peptídeos contendo fragmentos de CcdA ou CcdB fornece um ca-
minho alternativo para estudar e melhor entender os contatos chave 
existentes entre as duas proteínas, o que é especialmente importante 
para o desenho racional de novos inibidores peptídicos de topoiso-
merases bacterianas, cuja ação antitóxica do CcdA seja desprezível. 
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Resumo: Peptídeos antimicrobianos (PAMs) encontrados naturalmente em organismos vivos são uma 

grande promessa para o combate a doenças infecciosas, especialmente provocadas por micro-organismos 

multirresistentes aos antibióticos comerciais disponíveis no mercado, devido à intensa e inadequada 

aplicação dessas substâncias. No entanto, algumas características particulares que podem estar presentes 

em PAMs (tamanho grande, baixa solubilidade, existência de carga efetiva, elevada complexidade 

estrutural, etc.) representam dificuldade no uso desta classe de substâncias para aplicação clínica. Como 

uma abordagem para resolver esta barreira técnica para aplicação dos PAMs, diferentes formulações de 

lipossomas LUV foram preparadas com a intenção de promover a encapsulação de CcdBET2, um PAM 

com ação comprovada, e promover a sua entrega no ambiente intracelular. CcdBET2 foi sintetizado por 

metodologia de fase sólida e os lipossomas de 100 nm de diâmetro por extrusão. Os sistemas peptídeo-

lipossomas foram testados contra Staphylococcus aureus por uma metodologia quantitativa utilizando 

MTT para testar a sua capacidade em promover a interrupção do crescimento celular. É possível sugerir 

que o sistema lipossomal é responsável por interagir com a membrana bacteriana permitindo que 

CcdBET2 exerça sua atividade antimicrobiana. 

 

Palavras-chave: Peptídeos antimicrobianos, lipossomas LUV, Staphylococcus aureus 

 

____________________________________________________________________________ 

 
Abstract: Antimicrobial peptides (PAMs) found naturally in living organisms are a great promise for the fight 

against infectious diseases specially by microorganisms multiresistant to the commercial antibiotics available on 

the market due to intensive and inadequate applying of those substances. However, some particular 

characteristics that may be present in PAMs (big size, low solubility, the existence of effective load, high 

structural complexity, etc.) pose difficulty vis-à-vis the use of this class of substances for clinical application. As 

an approach to solve this technical barrier to application of PAMs, different formulations of LUV liposomes 

were prepared with the intent to promote the encapsulation of CcdBET2, a proven PAM, and promote its 

delivery in the intracellular environment. CcdBET2 was synthesized by solid-phase methodology and the 100 

nm liposomes by extrusion. The peptide-liposomes systems were tested against Staphylococcus aureus by a 

quantitative methodology using MTT to test their ability in promote the interruption of cell growth. It is possible 
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to suggest that the liposomal system is responsible to interact with the bacterial membrane allowing CcdBET2 to 

exert its antimicrobial activity. 

 
Keywords: Antimicrobial peptides, LUV liposomes, Staphylococcus aureus 

 

INTRODUÇÃO 

 

O combate a doenças infecciosas vem sendo o 

objetivo de muitos estudos atuais já que as mesmas 

estão entre as principais causas de morte da população 

humana. Este fato ocorre, em grande parte, pelo 

surgimento de micro-organismos multiresistentes aos 

agentes antimicrobianos disponíveis no mercado, 

devido a uma combinação de fatores que incluem 

mutações em genes de resistência comuns, troca de 

informações genéticas entre micro-organismos, 

seletividade de espécies multiresistentes em ambiente 

hospitalar facilitando a propagação desses micro-

organismos, bem como a incapacidade de técnicas 

laboratoriais para detectar fenótipos de resistência 

emergentes(1).  

Apesar da frequência cada vez maior e da 

gravidade da resistência antimicrobiana, grandes 

empresas farmacêuticas vêm perdendo o interesse no 

investimento para o desenvolvimento de novos 

agentes anti-infecciosos(2). Neste sentido, é de 

extrema necessidade pesquisas que visam a busca por 

novas substâncias naturais ou sintéticas que exibam 

atividades antimicrobianas específicas e, acima de 

tudo, que as exerçam através de mecanismos de ação 

alternativos aos agentes antimicrobianos comerciais.  

As etapas de desenvolvimento de um 

quimioterápico antimicrobiano envolvem desde a 

definição de um alvo celular que é um componente 

celular que, quando sob efeito deste fármaco, irá 

resultar na interrupção do desenvolvimento celular ou 

mesmo na morte celular, até estudos de design 

molecular, os quais são de fundamental importância 

para que o fármaco apresente a melhor interação 

possível com seu alvo celular(3). 

Muitos produtos de origem natural ou mesmo 

com estrutura química derivada de produtos naturais 

vêm apresentando bastante destaque como agentes 

antimicrobianos mais eficientes quando comparados 

aos fármacos comerciais, principalmente no que se 

refere ao combate de espécies de micro-organismos 

que adquiriram multiresistência a esses fármacos(4). 

Esta característica deve-se principalmente ao 

mecanismo altamente específico que estes compostos 

apresentam em relação à interação com seus alvos 

celulares, possibilitando caminhos alternativos de 

combate a esses micro-organismos.  

Dentre a grande variedade de produtos naturais, 

alguns peptídeos antimicrobianos (PAMs)  com ação 

tóxica a diferentes espécies bacterianas, vêm sendo 

amplamente estudados como potenciais agentes 

antimicrobianos. PAMs produzidos por plantas, 

animais e micro-organismos estão sendo utilizados 

como modelos para o desenvolvimento de novos 

medicamentos com aplicações na área da saúde 

humana e animal(5).  

As toxinas intracelulares como CcdB, produzidas 

por sistemas de morte pós-segregacional (PSK) em 

bactérias, constitui um exemplo importante da riqueza 

química e biológica associada a antibióticos de origem 

natural com potencial considerável. Estas toxinas 

exercem sua função sobre um grupo alvo de enzimas 

denominadas DNA topoisomerases(6). 

Nosso grupo de pesquisa vem desenvolvendo 

derivados peptídicos baseados na estrutura primaria da 

toxina CcdB (Fig. Ia), os quais apresentam atividade 

inibitória potencializada em DNA topoisomerases 

bacterianas como a DNA girase e a Topoisomerase 

IV(7). Por outro lado, esses análogos não são capazes 

de inibir a ação de DNA topoisomerases humanas 

como a Topoisomerase II-α e Topoisomerase I. Esta 

característica é essencial para um agente 

farmacológico específico ao combate bacteriano sem 

provocar efeitos colaterais em células humanas.  

Para avaliar a eficácia dos PAMs derivados da 

toxina CcdB, ensaios de susceptibilidade de 

crescimento microbiano em meio líquido são 

realizados na presença desses compostos. No entanto, 

para que esses peptídeos consigam acessar o ambiente 

intracelular, onde encontram-se as enzimas alvo DNA 

topisomerases, é necessário a associá-los a sistemas de 

liberação lipossomais, já que os mesmos são 

incapazes de permear as membranas celulares quando 

livres em solução(8). Neste trabalho os peptídeos 
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foram encapsulados em lipossomas do tipo LUV(9) 

(large unilamellar vesicles) com diâmetro médio de 

100 nm. Sendo assim, o sistema a ser testado é uma 

associação de característica bastante complexa 

envolvendo a molécula peptídica e os componentes 

lipídicos variados utilizados para o preparo dos 

lipossomas. Esta alta complexidade estrutural do 

agente antimicrobiano, dificulta a escolha de uma 

metodologia confiável para avaliação do potencial de 

inibição de crescimento bacteriano.  

Os métodos desenvolvidos para investigações in 

vitro da presença de células viáveis de 

mircrorganismos, utilizados para confirmar a 

atividade antimicrobiana de determinadas moléculas 

e/ou sistemas, tem provocado uma preocupação 

principalmente com relação à confiabilidade, 

reprodutibilidade e validade dos dados. 

Em estudos da atividade antimicrobiana in vitro 

de plantas do semiárido sobre espécies do gênero de 

Streptococcus e Candida, foi utilizado o corante de 

Rezasurina em ensaios para confirmar a presença de 

células viáveis. Este composto cora as células viáveis 

de vermelho, sendo possível fazer uma diferenciação 

qualitativa das células mortas que permanecem azuis, 

como a cor do corante. No entanto, este é um exemplo 

de um método "tudo ou nada", já que não permite 

identificar e, principalmente quantificar uma mistura 

de células inviáveis com viáveis por ser um teste 

unicamente visual.  

O corante 2, 3, 5 trifenil cloreto de tetrazólio, o 

qual reflete a atividade das enzimas desidrogenases 

envolvidas no processo de respiração celular 

microbiana, foi utilizado para a confirmação da 

presença de células viáveis de Candida spp após 

tratamento in vitro com óleo essencial de Eucalyptus 

globulus(10). A hidrogenação do 2, 3, 5 trifenil 

cloreto de tetrazólio produz nas células vivas uma 

substância vermelha, estável e não difusa, o trifenil 

formazan. Isto torna possível distinguir as amostras 

vivas, coloridas de vermelho, daquelas mortas, que 

mantêm a sua cor. A desvantagem deste método é 

quantificar as células viáveis, já que as mesmas 

estariam misturadas com as mortas em quantidades 

variáveis. 

Ensaio colorimétrico de XTT (2 methoxy 4 nitro 

5 sulfophenyl 5 phenylamino carbonyl 2H tetrazolium 

hydroxide), foi utilizado para avaliar biofilmes mistos 

de várias espécies do gênero Candida associados à 

lipopolissacarídeos (LPS) extraídos de bactérias 

Gram-negativas (Escherichia coli)(11). O método 

XTT mede a atividade mitocondrial, por meio da 

redução intracelular do sal formando um composto 

denominado formazan, que pode ser quantificado pela 

alteração de cor para laranja(12). 

Assim, nesta pesquisa buscou-se minimizar tais 

problemas a partir da escolha de um método para 

determinação da viabilidade celular utilizando MTT 

(brometo de 3-4,5-dimetil-tiazol-2-il-2,5-

difeniltetrazólio). Este composto é reduzido pelo 

efeito da atividade metabólica celular ligada ao 

NADH e NADHP, formando cristais insolúveis de 

formazan, de cor azul. Dessa maneira a quantidade de 

formazan, que pode ser quantificada 

espectrofotometricamente, é diretamente proporcional 

ao número de células viáveis, já que as mesmas 

apresentam ativo tal atividade metabólica. Além disso, 

essa quantificação de células viáveis não sofre 

interferência alguma das células mortas, já que o 

composto a ser quantificado é um sal insolúvel ao 

meio aquoso que se forma indiretamente em solução 

devido a ação metabólica das células viáveis. No final 

do processo, todas as células e outros interferentes do 

meio são separados e descartados para não 

interferirem na quantificação do formazan.   

 

PROCEDIMENTOS EXPERIMENTAIS 

 

Material e reagentes 

Reagentes gerais e solventes 

Foram utilizados N-α-Fluorenilmetiloxicarbonil-

aminoácidos (Fmoc-aminoácido), Fmoc-Ile-Wang 

resina, com grau de substituição inicial de 0,69 

mmol/g, N-Hidroxibenzotriazol (HOBt)  da 

Novabiochem®; N,N’-Diisopropilcarbodiimida 

(DIC), Diclorometano (DCM), Dimetilformamida 

(DMF) e ácido trifluoracético (TFA) da Fluka®; 

Etanoditiol (EDT), Novobiocina (N1628), 

Ciprofloxacina e MTT da Sigma®; tioanisol e fenol 

da Acros®; ácido acético glacial, anidrido acético, 

diisopropiletilamina (DIEA), dimetilformamida 

(DMF), dimetil sulfóxido (DMSO), 
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hexafluoroisopropanol, N-metilpirrolidona (NMP) e 

acetonitrila (ACN) grau HPLC da Merck®.  

 

Material biológico  

A cepa de Staphylococcus aureus (ATCC 14458) 

foi obtida do Laboratório de Microrganismos de 

Referência da Fundação Oswaldo Cruz (Fiocrus) por 

meio de doação para a Unidade de Síntese, Estudos e 

Aplicações de Peptídeos e Proteínas.   

 

Métodos 

Síntese e purificação 

O peptídeo utilizado neste estudo foi o mimético 

da toxina CcdB denominados CcdBET2(7) (Fig. Ib), o 

qual foi sintetizado manualmente pelo método de 

síntese em fase sólida(13) de acordo com o protocolo 

padrão que emprega o grupamento 9-

fluorenilmetiloxicarbonil (Fmoc) como protetor base-

lábil dos α-amino grupos, e derivados t-butílicos (t-bu) 

para proteção das cadeias laterais dos resíduos de 

aminoácidos trifuncionais. A resina de partida foi uma 

resina de Wang com grau de substituição inicial de 

0,69 mmol.g-1, já contendo o primeiro aminoácido da 

sequência (isoleucina - Ile) previamente incorporado. 

Durante os acoplamentos dos aminoácidos 

subsequentes, utilizou-se Diisopropilcarbodiimida 

(DIC) e 1-hidroxibenzotriazol (HOBt) como agentes 

de condensação. Na etapa de acoplamento de cada 

aminoácido, foi empregado um excesso molar de 3 

vezes, em relação a quantidade inicial de resina, tanto 

para Fmoc-aminoácidos quanto para os agentes de 

condensação, aplicando-se inicialmente como 

solvente, uma mistura de DCM/DMF 1:1, v/v, por um 

período de 2 horas. A desproteção dos grupos α-amino 

(remoção da base lábil Fmoc), após o acoplamento de 

cada aminoácido, foi realizada empregando-se uma 

solução 20% de piperidina em DMF.  

 

 

A) 

1
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MMTTDMASVPVSVIGEEVADLSHRENDIKNAINLMFWGI
101
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50
-Z-

84
SHRENDIKNAINLMFWGI
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Figura I. Estrutura primária da toxina natural CcdB e do análogo peptídico CcdBET2 sintetizado quimicamente pela 

metodologia da fase sólida. 

 

A eficiência das etapas de acoplamento de cada 

aminoácido foi monitorada pelo teste de ninidrina(14) 

e, quando positivo (presença de amino grupos livres), 

o processo foi repetido com 50% da quantidade inicial 

dos reagentes. Acetilação, quando necessária, foi feita 

com anidrido acético e DIEA (10 equivalentes cada) 

em DMF, por 30 minutos. A etapa final da síntese dos 

peptídeos foi a clivagem de cada peptídeo da resina 

concomitante com a desproteção dos grupos 

protetores das cadeias laterais. Para esta etapa foi 

utilizada uma sulução de clivagem contendo TFA 

(94,5%), água deionizada (2,5%), etanoditiol (2,5%) e 

tri-isopropilsilano (0,5%). A quantidade solução de 

clivagem utilizada seguiu um padrão de 2 mL para 

cada 100 mg de peptidil-resina a ser clivada. A reação 

de clivagem foi realizada a 25 ºC durante 3 h. Os 

peptídeos pós-clivagem foram precipitados com éter 

dietílico gelado (0 ºC) e centrifugados, eliminando o 

conteúdo sobrenadante. Este procedimento foi 

repetido por 4 vezes. Em seguida, dissolveu-se os 

peptídeos em solução aquosa de ácido acético 10%, 

realizando posteriormente uma filtração para remoção 

da resina. Por fim, a solução resultante contendo os 

peptídeos pós-clivagem foram liofilizados e 

posteriormente pesados obtendo-se um rendimento em 

massa entre 80 e 90%. 
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A purificação do peptídeo foi realizada por 

cromatografia líquida de alta eficiência (CLAE) em 

escala semipreparativa em um cromatógrafo Beckman 

System Gold, equipado com coluna de fase reversa 

Júpiter Phenomenex C18 (250 x 10 mm; diâmetro de 

partícula 15 μm; porosidade 300 Å) com um gradiente 

de 20 a 50% de solvente B (A: água, 0,045 % TFA; B: 

acetonitrila, 0,036 % TFA) em 120 min. O fluxo foi 

de 4,0 mL.min-1, com detecção em UV a 220 nm. 

Análises das frações foram feitas em um cromatógrafo 

Shimadzu LC-20AT operando em escala analítica, 

empregando uma coluna de fase reversa Júpiter 

Phenomenex C18 (250 x 4,6 mm; diâmetro de 

partícula 5 μm; porosidade 300 Å), com um gradiente 

linear de 5 a 95% de solvente B em 30 min, fluxo de 

1,0 mL.min-1 e detecção a 220 nm.  

A caracterização do peptídeo foi realizada por 

espectrometria de massas com ionização por 

electrospray em modo positivo (ESIMS+) por injeção 

direta das frações puras em um espectrômetro de 

massas Ion Trap Amazon SL - Brucker®.  

 

Encapsulação dos peptídeos em lipossomas tipo SUV 

e caracterização física dos lipossomas 

Os lipossomas do tipo SUV (small unilamellar 

vesicles) apresentando diâmetros próximos a 100 nm 

foram sintetizados através da metodologia de 

extrussão-evaporação(15).  As formulações propostas 

foram: 1) DPPC:Chol:SA (10:2:1); 2) 

DPPC:Chol:PEG (10:2:1); 3) DPPC:Chol:POPG 

(10:2:1); 4) DPPC:SA (10:1), onde DPPC: 

Dipalmitoilfosfatidilcoina de soja; Chol: colesterol; 

SA: estearilamina; PEG: polietilenoglicol; POPG:1-

palmitoil-2-oleoil-sn-glicero-3-fosfo-rac-1-glicerol) 

cujas quantidades estão expressas como uma 

proporção molar. Basicamente, as misturas de lipídeos 

correspondentes a cada uma das formulações, foram 

dissolvidas em clorofórmio em tubo de vidro. O 

solvente foi evaporado lentamente, sob fluxo de 

nitrogênio, para possibilitar a formação de um fino 

filme lipídico na parede do tubo. Posteriormente, o 

excesso de solvente foi eliminado sob vácuo por 

aproximadamente 18 h. 

Em seguida, o filme lipídico foi hidratado com 

tampão Tris HCl, 10 mM, pH 7,4 contendo o peptídeo 

em concentrações de 100 µM.  

Para conseguir o desprendimento total do lipídeo 

das paredes do tubo, foram feitas agitações suaves 

(manualmente), alternadas com agitações vigorosas 

(mecanicamente em agitador tipo Vortex), obtendo 

desta forma uma suspensão de vesículas 

multilamelares grandes (MLV). Para a sua conversão 

em vesículas unilamelares grandes (LUV), os MLV 

foram submetidos à extrusão (40 ciclos), utilizando 

extrusor equipado com filtro de policarbonato com 

poros de 100 nm de diâmetro.  

A quantidade de ciclos de extrusão foi fixada a 

partir de protocolos previamente desenvolvidos, onde 

foi feito um acompanhamento do diâmetro dos 

lipossomas por espalhamento de luz obtido pelo 

equipamento Beckman Coulter (modelo N5), sendo as 

amostras previamente diluídas de modo a se obter um 

índice de polidispersão adequado (entre 104 e 106). A 

luz espalhada foi captada por um fotomultiplicador 

posicionado a 90º do feixe de laser que aumentou o 

sinal captado e o enviou para um sistema correlator de 

onde os dados gerados foram para um computador. A 

temperatura foi mantida a 25ºC e o comprimento de 

onda do laser foi de 520 nm. Nestas condições, o 

tamanho médio de 100 nm dos lipossomas era obtido 

após 30 ciclos de extrusão, mantendo-se constante 

mesmo após 60 ciclos. 

Em seguida, análise de distribuição de tamanho e 

determinação do diâmetro médio dos lipossomas, 

contendo ou não o peptídeo encapsulado, foi realizada 

através da técnica de espalhamento dinâmico de luz 

(ligth scattering), a qual fornece o raio hidrodinâmico 

de partículas coloidais, calculado pela equação de 

Einsten-Stokes. O cálculo é obtido pela equação de 

Einsten-Stokes: D=Kt/6 πnRh, onde K é a constante 

de Boltzmann, t a temperatura absoluta, η a 

viscosidade e Rh o raio hidrodinâmico. Esta técnica 

consiste em atravessar determinada amostra com um 

feixe de laser, de modo que as gotículas presentes no 

meio espalhem a luz. A luz espalhada é captada em 

sinal que é enviado ao correlator no qual é feito o 

processamento dos dados, que são processados em um 

software fornecendo os valores de diâmetro médio e 

índice de polidispersão(16). 

 

Ensaio de Viabilidade Celular 
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Os ensaios foram realizados utilizando bactérias 

gram positiva Staphylococcus aureus - ATCC 14458 

como modelo experimental quantitativo para o 

método proposto. 

Para o início do procedimento, foi reservado em 

um tubo de ensaio estéril, 7 mL de meio de cultura 

líquido (Mueller Hinton 22 g.L-1 – Biolog MHB 

10608). Com uma alça de platina flambada e resfriada 

à temperatura ambiente, foi dissolvido nos 7 mL de 

meio de cultura uma pequena alíquota de bactérias 

(repique recente - 24 horas). Tal alíquota foi coletada 

de uma cultura realizada em meio sólido (Agar 

bacteriológico - Acumedia®). Após o meio turvo, a 

absorbância foi medida num espectrofotômetro 

Kasuaki (Modelo IL-227) utilizando comprimento de 

onda de 600 nm (DO600nm). A absorbância inicial 

obtida estava sempre dentro do intervalo de 0,1 - 0,18 

unidades de absorbância (AU)(17), indicando a 

presença de aproximadamente 1,5.108 UFC.mL-1. 

Como branco foi utilizado 1 mL de meio de cultura 

livre de suspensão bacteriana. 

A suspensão bacteriana foi transferida para micro 

tubos de centrífuga para a realização do ensaio. Para 

as amostras de controle negativo de crescimento, o 

antibiótico Novobiocina e Ciprofloxacina foram 

utilizados numa contração de 100 µM. Em seguida à 

adição dos compostos, as amostras foram colocadas 

em uma estufa com temperatura e agitação 

controladas (54 rpm/37 ºC) por um período de 3 

horas. 

Para avaliação da atividade antimicrobiana dos 

sistemas lipossomais contendo o peptídeo 

encapsulado, utilizamos a reação de redução do 

composto MTT e formação dos cristais de formazam. 

Para isto, 20 µL de uma solução de MTT 5,0 mg.ml-1 

foram adicionados em cada micro tubo. As amostras 

foram novamente colocadas na estufa, com a mesma 

agitação e temperaturapor 15 minutos. Ao término de 

incubação, os micro tubos foram centrifugados à 

10.000 rpm por 30 segundos, o sobrenadante foi 

retirado cuidadosamente e os cristais foram 

ressuspensos com 500 µL de DMSO e agitados 

manualmente até a dissolução completa dos cristais. A 

suspensão foi transferida para tubos de ensaio estéreis 

e em cada tubo foi adicionado mais 2000 µL de 

DMSO, obtendo-se um volume final de 2500 µL. Para 

que houvesse a dissolução completa dos cristais de 

formazan, foi necessário deixar a suspensão reagindo 

durante 10 minutos em temperatura ambiente. 

Ao término da reação, foi feito a leitura das 

absorbâncias a 550 nm das suspensões de cada tubo 

de ensaio em espectrofotômetro utilizando DMSO 

como branco. 

 

Plaqueamento Diferencial e Contagem de Células 

Viáveis: 

Após cada ensaio de viabilidade celular, foram 

realizados estudos de plaqueamento diferencial e 

contagem do número de colônias viáveis das espécies 

bacterianas testadas. Para estes estudos, uma amostra 

de 0,5 mL da solução do sobrenadante de cada 

eppendorf foi retirado, assepticamente, e colocados 

em 19,5 mL de água esterilizada peptonada a 0,1%. 

Em seguida a solução resultante foi homogeneizada e 

mantida em banho de gelo. Para a contagem de células 

viáveis, inoculou-se 1 mL da solução em placas de 

petri estéreis contendo ágar padrão Mueller Hinton. 

As placas foram incubadas a 37 °C por 24h. Após o 

período de incubação, foi feita a contagem das 

colônias típicas (18). 

 

RESULTADOS E DISCUSSÃO 

 

Rendimento da síntese do peptídeo CcdBET2 

Para a síntese do peptídeo CcdBET2 partiu-se de 

1,0 g de uma resina Fmoc-Ile-Wang (0,69 mmol/g) e 

DIC/HOBt como agentes de condensação para o 

acoplamento dos resíduos de cada aminoácido da 

sequência primária. Após desproteção do grupo Fmoc 

do primeiro aminoácido (Ile), já acoplado na resina de 

partida, iniciou-se o acoplamento dos demais, 

seguindo sempre os passos de lavagens e 

desproteções, conforme descrito na parte 

experimental. Ao final da síntese, obteve-se 

aproximadamente 3,0 g de peptidil resina. Apenas 

parte dessa massa (900 mg) foi submetida ao 

procedimento de clivagem, obtendo-se 367 mg de 

peptídeo no estado bruto. Do extrato bruto do 

peptídeo liofilizado, 50 mg foi dissolvido em 5,0 mL 

de solvente A (água ultrapura + TFA 0,036%) e 

submetida a purificação conforme descrito na parte 

experimental. No final do processo de purificação foi 
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obtido 6 mg de CcdBET2 com grau de pureza de 

95%, representando um rendimento de 12% no 

processo de purificação. A massa molar teórica do 

peptídeo (4871,8 g/mol) foi confirmada por 

espectrometria de massas com ionização por 

electrospray em modo positivo (ESIMS+): m/z (M + 

4H)+ = 1219. 

 

A barreira terapêutica do análogo estrutural da 

toxina natural CcdB 

O peptídeo CcdBET2 é um análogo estrutural da 

toxina CcdB, o qual é constituído da sequência N-

terminal contendo nove resíduos de aminoácidos 

(Met-1 a Lys-9), além da região C-terminal que 

corresponde à sequência que vai do resíduo de Ser-84 

a Ile-101, importante por estruturar-se como a única 

região em α-hélice da toxina nativa e por conter os 

resíduos Trp-99, Gly-100 e Ile-101, os quais são 

importantes para a interação dos peptídeos com a 

DNA gyrase(19). Na região central o peptídeo possui 

a região Arg-40 a Leu-50, conhecida como região de 

reconhecimento da antitoxina CcdA(20). Para 

conectar cada uma das regiões, foi utilizado ε-amino 

hexanóico (Z) como espaçador. 

Estudos demonstraram a habilidade desse 

peptídeo na inibição da ação das enzimas bacterianas 

DNA girase e Topoisomerase IV em concentrações de 

10 µM e 5 µM, respectivamente(7). No entanto, ao 

aplicar este peptídeo em ensaios de viabilidade celular 

utilizando diferente espécies bacterianas, não foi 

observado efeito antibiótico associado a este 

composto quando livre em solução (dados não 

mostrados). Por se tratar de um análogo que 

apresentou excelentes resultados de inibição da 

atividade enzimática, principalmente em relação à 

inibição da Topoisomerase IV, esperava-se que a 

inibição ocorresse também em ensaios de crescimento 

bacteriano, o que não ocorreu mesmo utilizando 

elevadas concentrações do peptídeo (100 µM).  

Esta ausência de atividade pode ser atribuída a 

características particulares de alguns peptídeos 

antimicrobianos como: tamanho, baixa solubilidade, 

existência de carga efetiva, alta complexidade 

estrutural, entre outras, gerando uma série de 

dificuldades de aplicação terapêutica relacionada a 

estes compostos. Certamente no caso do peptídeo 

CcdBET2, as características estruturais e físico-

químicas do mesmo dificultam ou até mesmo 

impossibilitam a penetração do mesmo ao meio 

intracelular bacteriano, onde se localizam seus alvos 

celulares. 

Diante deste contexto, nosso grupo de pesquisa 

vem desenvolvendo estudos que visam encontrar 

métodos, sistemas ou mecanismos que sejam 

suficientemente adequados e eficientes para estabilizar 

moléculas peptídicas em solução e promover a 

acessibilidade dessas moléculas ao meio intracelular e, 

consequentemente, aos seus respectivos alvos como as 

enzimas DNA girase e Topoisomerase IV. Dentre 

esses métodos, os lipossomas do tipo LUV de 100 nm 

de diâmetro médio vêm demonstrando resultados 

bastante promissores(21), inclusive quando associados 

ao peptídeo CcdBET2.   

 

Caracterização física dos sistemas lipossomais 

contendo o peptídeo CcdBET2 

Para cada formulação, foi feito um estudo de 

caracterização, utilizando lipossoma branco e 

lipossoma com o peptídeo CcdBET2 encapsulado, 

com o intuito de avaliar se o diâmetro da vesícula 

lipossomal sofreria alteração após a encapsulação dos 

peptídeos.  

Os estudos de caracterização das diferentes 

formulações de lipossomas desenvolvidas neste 

trabalho foram realizados pela técnica de 

espalhamento dinâmico de luz (ligth scattering) 

conforme descrito na parte experimental.  

Para todas as formulações de lipossomas 

preparadas, foi possível observar o mesmo 

comportamento com um aumento médio de 20% no 

tamanho dos lipossomas na presença do peptídeo, 

sugerindo que o peptídeo realmente foi 

compartimentalizado durante o processo de extrusão. 

Acredita-se ainda que a velocidade no processo de 

extrusão e o número de ciclos de extrusão são fatores 

que podem influenciar no tamanho final da partícula. 

Nesse sentido, nosso protocolo de preparo dos 

lipossomas utiliza 40 ciclos de extrusão de maneira 

lenta e contínua. 
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Ensaio de viabilidade celular e contagem de células 

viáveis 

Os ensaios de viabilidade foram realizados 

conforme metodologia desenvolvida, a qual utiliza o 

sal MTT que irá funcionar como um revelador 

indireto do ensaio. Este sal de coloração amarela 

quando dissolvido em solução aquosa, possui a 

capacidade de sofrer redução, quando em contato com 

células vivas, as quais estão consumindo o oxigênio 

do meio para realizar suas atividades metabólicas. 

Desse modo o MTT ao ser reduzido, produz um sal de 

coloração púrpura, insolúvel ao meio aquoso, o qual 

se deposita no fundo do recipiente, no caso deste teste, 

no tubo do tipo eppendorf. Esses cristais são 

separados do sobrenadante por centrifugação e, em 

seguida dissolvidos utilizando DMSO. A absorbância 

da solução resultante é então lida em 

espectrofotometro de UV-visível a absorbância de 550 

nm, obtendo diferentes valores dependendo da 

quantidade de cristais produzidos, o que está 

diretamente relacionado com a viabilidade celular. Os 

valores são comparados aos controles positivo e 

negativo de crescimento celular, o último contendo 

um antibiótico convencional (Novobiocina ou 

Ciprofloxacina).  

Os ensaios com cada um dos sistemas produzidos 

foram feitos em triplicata, e a média das absorbâncias 

para cada grupo foi plotada, levando em consideração 

o desvio padrão, afim de facilitar a observação da 

inibição de crescimento bacteriano frente ao micro-

organismo Staphylococcus aureus - ATCC 14458 

(Fig. 2). 

Houve inibição de crescimento relevante a partir 

da adição de 50 µL de solução lipossomal contendo o 

peptídeo encapsulado, indicando que o sistema 

peptídeo-lipossoma é eficaz para causar a morte dessa 

espécie bacterina. As melhores formulações que 

promoveram o controle de crescimento desta espécie 

bacteriana foram as formulações neutra e positiva com 

colesterol.  

É importante destacar nos resultados mostrados a 

incapacidade do peptídeo livre em solução, isto é, não 

encapsulado em lipossoma, em inibir o crescimento 

dessa espécie bacteriana. O mesmo pode ser 

observado com as formulações lipossomais estudadas 

na ausência do peptideo encapsulado (lipossoma 

branco). Isto é mais um indicativo de que os sistemas 

lipossomais são responsáveis por promover o 

carreamento do peptídeo para o meio intracelular. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
Eclética Química, vol. 40, 95-105, 2015. 

 

 

103 103 

Figura 2. Ensaio de viabilidade de crescimento celular com e sem os sistemas lipossomais. Os controles positivo e negativo 

de crescimento de Staphylococcus aureus são mostrados nas barras azuis. Cada barra colorida representa um tipo diferente de 

formulação de lipossoma SUV (100 nm) conforme legenda. Cada conjunto de barras representa a adição de volumes variados 

de lipossoma (10, 50, 100 e 150 µL) contendo o peptídeo CcdBET2 encapsulada na concentração 100 µM; adição de 100 µL 

de lipossoma branco (ausência de peptídeo encapsulado); adição de peptídeo livre em solução na concentração 100 µM.   

 

CONCLUSÕES 

 

Os sistemas peptídeo-lipossomas testados neste 

trabalho são eficazes contra a espécie bacteriana 

Gram-positiva Staphylococcus aureus, a qual se 

caracteriza por apresentar uma membrana externa que 

serve como barreira seletiva para a entrada e saída de 

alguns componentes. No entanto, foi demonstrado que 

os sistemas lipossomais podem interagir com esta 

membrana promovendo o carreamento do peptídeo 

para o meio intracelular. Todas as formulações 

testadas diminuíram a quantidade de células inicial, 

sendo destacada a formulação neutra que apresentou 

inibição acima de 80% com adição de 100 µL de 

formulação.  

Para a formulação de lipossoma que contem PEG 

(Polietilenoglicol), observou-se que com adição de 

150 µL de formulação, houve inibição total do 

crescimento bacteriano. Este resultado é bastante 

surpreendente já que a presença de PEG confere maior 

estabilidade ao sistema lipossomal, podendo auxiliar 

para uma possível aplicação em estudos in vivo.  

Os ensaios de caracterização de lipossomas, 

indica que as vesículas sofrem um aumento do 

tamanho do diâmetro médio na ordem de 20% após a 

encapsulação do peptídeo, o que é uma evidência da 
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eficácia desses sistemas na associação com peptídeos 

antimicrobianos. Neste trabalho, o aumento relativo 

no tamanho dos lipossomas não interferiu a eficiência 

dos sistemas lipossomas-peptídeo nos ensaios de 

inibição de crescimento bacteriano. 

Os ensaios com lipossomas na ausência do 

peptídeo CcdBET2 (lipossoma branco) de todas as 

formulações mostraram que os mesmos não são 

capazes de inibir o crescimento bacteriano, indicando 

que de fato, o que provoca a inibição é o peptídeo. 

Este mesmo comportamento foi observado nos 

ensaios realizados com o peptídeo livre em solução, 

mostrando que sem estar associado aos lipossomas, 

não possui capacidade de inibir o crescimento 

bacteriano. 
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Nomeando, com fundamento no § 1º do art. 7º da Lei 952-
76, e nos termos do art. 30 do Estatuto da Universidade Estadual 
Paulista "Júlio de Mesquita Filho" - Unesp, aprovado pelo Dec. 
29.720-89, e alterações:

Sandro Roberto Valentini para exercer a função de Reitor da 
aludida Universidade, com mandato de 4 anos, a partir de 16-1-2017;

Sérgio Roberto Nobre para exercer a função de Vice-Reitor 
da aludida Universidade, com mandato de 4 anos, a partir de 
16-1-2017.

 DESPACHOS DO GOVERNADOR

 DESPACHOS DO GOVERNADOR, DE 28-11-
2016
No processo SE-542-2016 (SG-118.809-16), sobre ressarci-

mento de débito: “Diante dos elementos de instrução constantes 
dos autos, em especial da representação do Secretário da Edu-
cação e da Cota 255-2016, da Assessoria Jurídica do Gabinete 
do Procurador Geral do Estado, autorizo que o ressarcimento do 
débito do Município de Itápolis para com o Estado, decorrente 
da não aprovação de contas dos aditamentos feitos ao Convênio 
celebrado em 2-7-2011, exercícios 2012, 2013 e 2015, faça-se 
em 24 parcelas mensais e consecutivas, observadas as normas 
legais e regulamentares atinentes à espécie e as recomendações 
assinaladas no pronunciamento do órgão jurídico-consultivo.”

No processo SE-1046-2016 (SG-118.810-16), sobre ressarci-
mento de débito: “Diante dos elementos de instrução constantes 
dos autos, em especial da representação do Secretário de Estado 
da Educação e da Cota 253-2016, da Assessoria Jurídica do Gabi-
nete do Procurador Geral do Estado, autorizo que o ressarcimento 
do débito do Município de Garça para com o Estado, decorrente 
da não aprovação de contas referente ao exercício de 2015 do 
aditamento do Convênio celebrado em 5-7-2011, faça-se em 24 
parcelas mensais e consecutivas, observadas as normas legais e 
regulamentares atinentes à espécie e as recomendações assinala-
das no pronunciamento do órgão jurídico-consultivo.”

No processo GBMar-16.075-16 (SG-107.997-16), sobre con-
tratação de guarda-vidas: “À vista dos elementos de instrução do 
processo, com fundamento no inc. I do art. 1º da LC 1.093-2009, 
regulamentada pelo Dec. 54.682-2009, bem como das manifes-
tações das Secretarias de Planejamento e Gestão e da Fazenda, 
autorizo, comprovada a necessidade temporária de excepcional 
interesse público, a Polícia Militar do Estado de São Paulo a 
adotar as providências necessárias para a realização de processo 
seletivo simplificado, visando à contratação de 600 Guarda-Vidas, 
por tempo determinado e pelo prazo máximo de 5 meses, cor-
respondente ao período de novembro/2016 a março/2017, tendo 
por limite o valor dispendido no período relativo à contratação 
anterior (nov/2015 a mar/2016), de modo que não haja expansão 
das despesas a serem cobertas pelo erário, obedecidos os demais 
preceitos legais e regulamentares atinentes à espécie.”

 Casa Civil

 GABINETE DO SECRETÁRIO

 Despacho do Secretário, de 23-11-2016
No processo CC 34660-2016, em que é interessada Casa Civil, 

sobre pagamento por indenização à Empresa Armazém Turismo e 
Eventos-ME, devido a fornecimento de refeições não constantes 
em contrato inicialmente celebrado: “À vista dos elementos que 
instruem os autos, notadamente o contido no Relatório Final 
apresentado pela Comissão de Apuração Preliminar, às fls. 316/326, 
complementado às fls. 334/335; no qual verificou que não houve 
má-fé por parte dos envolvidos, bem como inocorrência de even-
tual ilegalidade; o Parecer da Consultoria Jurídica da Secretaria 
de Governo 478-2016, às fls. 338/343, que se manifestou pela 
Viabilidade do Pagamento, uma vez preenchidos todos os requisitos 
indicados nos incs. I a IV do art. 1º do Dec. 40.177-95; bem como 
o despacho da Chefia de Gabinete, às fls. 344/346, no qual com 
fulcro no art. 265, parágrafo 3, da Lei 10.261-68, com redação dada 
pela LC 942-2003, propõe o arquivamento da Apuração Preliminar, 
tendo em vista vez que não ficou caracterizado ilícito administrati-
vo; e, com fundamento no princípio geral do direito que prescreve 
o enriquecimento sem causa, autorizo o pagamento à empresa 
Armazém Turismo e Eventos - Ltda - ME, a título indenizatório, da 
importância de R$ 13.500,00, decorrente da prestação de serviços 
de fornecimento de 300 refeições, sem cobertura contratual, no dia 
19 de março do corrente ano, no Hotel Fazenda Hípica Atibaia/SP, 
aos participantes da III Conferência Estadual LGBT. Comunique-se a 
Corregedoria Geral da Administração, conforme disposto no art. 1º, 
V, alínea (a), do Dec. 53.334-2008.”

 Governo

 FUNDO SOCIAL DE SOLIDARIEDADE DO 
ESTADO DE SÃO PAULO

 CHEFIA DE GABINETE

 Extrato de 2º Termo de Aditamento ao Convênio
Convênio FUSSESP 216/2014 – Processo FUSSESP 

37236/2014.
Parecer CJ: 198/2016
Partícipes: Fundo Social de Solidariedade do Estado de São 

Paulo e o Munícipio de Buritama, por meio de seu Fundo Social 
de Solidariedade.

Cláusula Primeira: O 1º termo de aditamento ao convênio 
supracitado, celebrado em 23-12-2014 e o Plano de Trabalho que 
o integra, juntados, respectivamente, às fls. 85 a 88 e 73 a 75 dos 
autos do Processo FUSSESP 37236/2014, ficam retificados para 
constar que serão capacitados 6 e não 8 turmas por meio da 

avença ora aditada, ficando restabelecido, assim, o número de 
turmas previsto no instrumento originário do ajuste.

Parágrafo Primeiro – À vista do contido no “caput” desta 
cláusula fica retificada a cláusula primeira do aludido 1º termo 
de aditamento para constar que será transferido ao CONVENEN-
TE, no total, a quantia de R$ 7.320,00.

Parágrafo Segundo – Os recursos financeiros remanescen-
tes, sob a responsabilidade do FUSSESP, serão transferidos ao 
CONVENENTE de acordo com o Plano de Trabalho que integra o 
presente termo de aditamento, plano esse juntado às fls. 220 a 
228 dos autos do Processo FUSSESP 37236/2014.

Cláusula Segunda: A cláusula segunda do mencionado 1º termo 
de aditamento fica também retificada para constar que o valor corre-
to do convênio é de R$ 56.992,63, dos quais R$ 28.282,63 a cargo do 
FUSSESP e R$ 28.710,00 a cargo do CONVENENTE.

Cláusula Terceira: A carga horária inerente ao Curso de 
Assistente de Cabeleireiro, ministrado no âmbito do Projeto 
“Escola de Beleza” fica reduzida a partir da 3ª turma, em con-
formidade com o plano de trabalho a que se refere o § 2º da 
cláusula primeira deste termo.

Cláusula Quarta: A cláusula sexta do convênio original, 
alterada pelo 1º termo de aditamento, sofre nova modificação e 
passa a vigorar com a seguinte redação:

“Cláusula Sexta: O prazo de vigência do presente convênio 
é de 42 meses, contados da data de assinatura do presente 
instrumento.”

Data de assinatura: 28-11-2016.

 CASA MILITAR

 Resolução CMIL 17-610 - Cedec, de 28-11-2016

Edita o Plano Preventivo de Defesa Civil para 
erosão costeira, inundações costeiras e enchentes/
alagamentos causados por eventos meteorológi-
cos-oceanográficos extremos como ressacas do 
mar e marés altas

Considerando as atribuições legais consubstanciadas nos 
Decretos Estaduais nº 40.151, de 16-06-95 e nº 48.526, de 
04-03-04, deste Secretário Chefe da Casa Militar e Coordenador 
Estadual de Defesa Civil;

Considerando que a Coordenadoria Estadual de Defesa 
Civil (CEDEC) desenvolve, de acordo com as peculiaridades de 
cada região, planos preventivos e de contingência visando à 
minimização de desastres;

Considerando o aumento do número, da frequência e da 
magnitude de eventos meteorológicos-oceanográficos extremos, 
como as ressacas do mar e as marés altas anômalas na costa do 
Estado de São Paulo, em especial desde o final da década de 1990;

Considerando que 52% das praias do Estado de São Paulo 
se encontram em risco alto e muito alto de erosão costeira;

Considerando os efeitos desses perigos costeiros, traduzidos 
em elevados prejuízos socioeconômicos e diversos tipos de 
transtornos à população, ao patrimônio público e privado, aos 
serviços e ao meio ambiente;

Considerando a necessidade da articulação do Sistema 
Estadual de Defesa Civil, para que, em conjunto com os muni-
cípios localizados nessas áreas, possam enfrentar as situações 
adversas em razão desses eventos meteorológicos-oceanográ-
ficos extremos, resolve:

Artigo 1º - Editar o Plano Preventivo de Defesa Civil (PPDC) 
para erosão costeira, inundações costeiras e enchentes/alaga-
mentos causados por eventos meteorológicos-oceanográficos 
extremos (ressacas do mar e marés altas), que passa a vigorar 
nos termos desta resolução e seus anexos.

Parágrafo único - O PPDC a que se refere o “caput” deste 
artigo, abrange os quatro setores costeiros do Estado de São 
Paulo, englobando as Coordenadorias Estaduais de Defesa Civil 
de Registro (REDEC/I-1), Baixada Santista (REDEC/I-2) e São José 
dos Campos e Litoral Norte (REDEC/I-3).

Artigo 2º - O Plano Preventivo de Defesa Civil (PPDC) 
para erosão costeira, inundações costeiras e enchentes/
alagamentos causados por eventos meteorológicos-ocea-
nográficos extremos (ressacas do mar e marés altas) tem a 
seguinte composição:

I - Órgão Central: a Casa Militar, representada pela Coorde-
nadoria Estadual de Defesa Civil (CEDEC);

II - Órgãos Regionais: as Coordenadorias Regionais de Defe-
sa Civil de Registro (REDEC/I-1), Baixada Santista (REDEC/I-2) e 
São José dos Campos e Litoral Norte (REDEC/I-3);

III - Órgãos Setoriais: a Marinha do Brasil; o Instituto Nacio-
nal de Meteorologia (INMET), o Instituto Oceanográfico (IO) da 
Universidade de São Paulo, o Instituto Geológico (IG), Centro de 
Previsão de Tempo e Estudos Climáticos (CPTEC), o Instituto de 
Pesquisas Tecnológicas (IPT), o Departamento de Ciências do 
Mar da Universidade Federal de São Paulo, o Centro de Estudo e 
Pesquisas sobre Desastres (CEPED/USP), o Corpo de Bombeiros 
e a Polícia Ambiental do Estado de São Paulo.

IV - Órgãos Municipais: as Prefeituras Municipais envolvidas 
no Plano de Contingência, representadas pelas respectivas Coor-
denadorias Municipais de Defesa Civil (COMDECs).

V - Entidades privadas com reconhecida atuação na área.
Artigo 3º - Caberá às Coordenadorias Municipais de Defesa 

Civil envolvidas neste Plano, apoiadas pelas respectivas Coordena-
dorias Regionais de Defesa Civil, a edição de planos preventivos e 
de contingência específicos para cada município, em consonância 
com os pressupostos presentes nos anexos desta resolução.

Artigo 4º - O período de vigência desse plano será ininter-
rupto, devendo suas ações serem deflagradas conforme avisos e 
boletins emitidos pelos órgãos setoriais.

ANEXO I
Normas e procedimentos do Plano Preventivo de Defesa 

Civil (PPDC) para erosão costeira, inundações costeiras e 
enchentes/alagamentos causados por eventos meteorológicos-
-oceanográficos extremos (ressacas do mar e marés altas)

TÍTULO I
Disposições Preliminares
Artigo 1º - O Plano Preventivo de Defesa Civil (PPDC) para 

erosão costeira, inundações costeiras e enchentes/alagamentos 
causados por eventos meteorológicos-oceanográficos extremos 
(ressacas do mar e marés altas), tem como objetivo principal aper-
feiçoar as ações das Coordenadorias Regionais e Municipais de 
Defesa Civil na minimização dos efeitos desses eventos no âmbito 
dos quatro setores costeiros do Estado de São Paulo.

Artigo 2º - O Plano se baseia na adoção de medidas para 
conhecimento antecipado das ocorrências de eventos extremos 
especificados no artigo anterior, nas ações dos órgãos de defesa 
civil e nas edições de Planos de Contingência para os municípios 
sujeitos a esses eventos.

Artigo 3º - Para efeito desta resolução, seguem as seguintes 
considerações e conceitos:

I - Eventos Meteorológicos-Oceanográficos Extremos: 
Marés Meteorológicas Positivas e Ressacas do Mar

Eventos associados à influência de fatores meteorológicos 
(ciclones extratropicais, frentes frias), oceanográficos (sobreleva-
ção do nível do mar e ondas energéticas), astronômicos (marés 
de sizígia e de equinócio) e sazonais (efeito esteárico devido 
ao aquecimento do oceano durante o verão). Quanto maior o 
número de fatores ocorrendo em conjugação, maiores serão os 
impactos, os efeitos danosos e os prejuízos na zona costeira. 
s principais perigos gerados por esses eventos na costa são: 
erosão costeira, inundação costeira, enchentes e alagamentos.

II - Marés altas anômalas
Trata-se de um termo popular para se referir à sobrelevação 

do nível médio do mar devido à ocorrência de uma maré mete-
orológica positiva, em especial se conjugada a uma maré de 
sizígia. Podem ocorrer sem a atuação de forte agitação marítima, 
portanto sem associação com uma ressaca.

a) proceder a totalidade dos itens definidos para o nível 
de atenção.

3) Coordenadorias Municipais de Defesa Civil (COMDEC)
a) proceder a totalidade dos itens definidos para o nível de 

atenção e adotar as medidas previstas nos respectivos planos de 
contingência municipal.

TÍTULO IV
Disposições Gerais
Artigo 7º - O Plano Preventivo encontra-se em condições de 

operacionalidade e sua implantação permite às Coordenadorias 
Municipais de Defesa Civil (COMDEC) a adoção de ações pre-
ventivas que visam minimizar ou até eliminar as consequências 
advindas da ocorrência de eventos.

ANEXO II
Procedimentos para a elaboração do Plano de Contingência 

Municipal para erosão costeira, inundações costeiras e alaga-
mentos causados por eventos meteorológicos-oceanográficos 
extremos (ressacas do mar e marés altas)

Para a edição dos Planos de Contingência de erosão 
costeira, inundações costeiras e alagamentos causados por 
eventos meteorológicos-oceanográficos extremos (ressacas do 
mar e marés altas), deverão ser consideradas as seguintes 
ações, de forma a contemplar os aspectos locais/municipais e 
suas peculiaridades:

1. Mapear e monitorar as áreas sujeitas aos perigos costei-
ros citados nesta resolução;

2. Divulgar os alertas e boletins da CEDEC para a população 
municipal;

3. Deslocar agentes públicos para pontos estratégicos ou de 
interesse, suscetíveis aos eventos dessa resolução;

4. Mobilizar as equipes de serviços públicos para limpeza, 
reparos e desobstruções;

5. Determinar a evacuação de moradores dos locais;
6. Definir abrigos provisórios para a população afetada;
7. Determinar o isolamento de ruas e avenidas sujeitas a 

inundação costeira e enchentes/alagamentos;
8. Atualizar os dados e informações dos órgãos que com-

põem o sistema de contingência municipal;
9. Solicitar o apoio suplementar da CEDEC.

 Planejamento e Gestão

 GABINETE DO SECRETÁRIO

 Extrato do 3º Termo Aditivo
PROCESSO SPDR 2274/2012
CONTRATO 032/2012 - GS
LOCATÁRIO: SECRETARIA DE PLANEJAMENTO E GESTÃO
LOCADOR: YUNES – PARTICIPAÇÃO, ADMINISTRAÇÃO E 

NEGÓCIOS LTDA
CNPJ: 03.479.283/0001-94.
CLÁUSULA PRIMEIRA – DA PRORROGAÇÃO
O prazo de vigência do contrato fica prorrogado por mais 01 

(um) mês, de 13-11-2016 a 12-12-2016.
CLÁUSULA SEGUNDA – DO VALOR E RECURSOS ORÇA-

MENTÁRIOS
O valor total estimado do presente contrato passa a 

ser de R$ 420.344,80 para o período de 01 (um) mês, para 
o presente exercício; onerando a classificação orçamentária 
04.122.2909.5515.0000, Natureza de Despesa 33.90.39-91, 
Unidade de Despesa 29.01.01.

CLÁUSULA TERCEIRA – DA RATIFICAÇÃO
Permanecem em vigor as demais cláusulas e condições con-

tratuais não alteradas pelo presente instrumento e que não se 
revelem com o mesmo conflitantes. E por estarem assim, justas e 
acertadas, firmam as partes o presente instrumento na presença 
de duas testemunhas, que também o assinam para todos os fins 
e efeitos de direito.

ASSINATURA: 13-11-2016

 UNIDADE CENTRAL DE RECURSOS 
HUMANOS

 Instrução Conjunta Ucrh/Spprev 04, de 25-11-2016
A Unidade Central de Recursos Humanos - UCRH, da Secreta-

ria de Planejamento e Gestão e a São Paulo Previdência - SPPREV, 
em razão da edição da Lei Complementar 669, de 20-12-1991 
que instituiu o Adicional de Local de Exercício para os servidores 
do Quadro do Magistério – QM, com alterações posteriores, e 
Lei Complementar 687, de 7 de outubro de 1992 que instituiu o 
Adicional de local de Exercício para os Servidores do Quadro de 
Apoio Escolar – QAE, e alterações posteriores, as quais abrangem 
servidores inativos, expedem a presente instrução conjunta:

1 - ADICIONAL DE LOCAL DE EXERCICIO – QUADRO DO 
MAGISTÉRIO - INATIVO - Para fins de demonstração dos valores 
percebidos pelos servidores a título de Adicional de Local de 
Exercício fica estabelecido o formulário INFORMATIVO, confor-
me Anexo integrante dessa Instrução.

1.1 - Do formulário INFORMATIVO - ARTIGO 1º DA LC 
669/91, deverão constar:

1.1.1 - Dados do órgão e unidade do servidor (Campo [1]);
1.1.2 - Dados de identificação do servidor (Campo [2]);
1.1.3 - Período(s) de recebimento da vantagem (Campo [3]);
1.1.4 - Total (em dias) correspondente ao recebimento da 

vantagem (Campo [4]);
1.1.5 – Coeficiente da Jornada/Carga Horária multiplicado 

pela UBV (Campo [5]);
1.1.6 – Valor total (Campo [6]) = Total de [4] multiplicado 

pelo total de [5];
1.1.7 – Total do tempo de contribuição para a aposenta-

doria (em dias conforme exemplo no rodapé do formulário) 
(Campo [7]);

1.1.8 – Valor total dividido pelo tempo de contribuição 
(Campo [8]) = Total de [6] dividido pelo Total de [7];

1.1.9 - Encaminhamento (Campo [9]). Deve ser preenchido 
com a data na qual o documento foi elaborado e a assinatura e 
carimbo do CHR/DIR.

2 - ADICIONAL DE LOCAL DE EXERCICIO – QUADRO DE 
APOIO ESCOLAR - INATIVO - Para fins de demonstração dos 
valores percebidos pelos servidores a título de Adicional de 
Local de Exercício fica estabelecido o formulário INFORMATIVO, 
conforme Anexo integrante dessa Instrução.

2.1 - Do formulário INFORMATIVO - ARTIGO 1º DA LC 
687/92, deverão constar:

2.1.1 - Dados do órgão e unidade do servidor (Campo [1]);
2.1.2 - Dados de identificação do servidor (Campo [2]);
2.1.3 - Período(s) de recebimento da vantagem (Campo [3]);
2.1.4 - Total (em dias) correspondente ao recebimento da 

vantagem (Campo [4]);
2.1.5 – Coeficiente multiplicado pela UBV (Campo [5]);
2.1.6 – Valor total (Campo [6]) = Total de [4] multiplicado 

pelo Total de [5]; .
2.1.7 – Total do tempo de contribuição para a aposenta-

doria (em dias, conforme exemplo no rodapé do formulário) 
(Campo [7]);

2.1.8 – Valor total dividido pelo tempo de contribuição 
(Campo [8]) = Total de [6] multiplicado pelo Total de [7];

2.1.9 - Encaminhamento (Campo [9]). Deve ser preenchido 
com a data na qual o documento foi elaborado e a assinatura e 
carimbo do CHR/DIR.

3 - Esta instrução entra em vigor na data de sua publica-
ção, retroagindo seus efeitos à vigência das respectivas Leis 
Complementares.

UCRH/SPPREV em 25-11-2016

III - Erosão costeira
O resultado do conjunto de processos sedimentares que atuam 

na praia pode ser medido por meio do seu balanço sedimentar que 
é, em outras palavras, a relação entre as perdas/saídas e os ganhos/
entradas de sedimentos nessa praia. Quando o balanço sedimentar 
da praia for negativo, ou seja, quando a saída/perda de sedimentos 
for maior do que a entrada/ganho de sedimentos, haverá déficit 
sedimentar, predominando assim o processo erosivo.

IV - Inundação costeira
Submersão temporária de terrenos marginais à linha de 

costa oceânica e estuarina/lagunar, causada pela ocorrência de 
marés altas anômalas e ressacas.

V - Enchentes associadas a marés altas anômalas e ressacas
Submersão temporária de áreas marginais a cursos de 

água doce ou salobra na planície costeira, associada ao 
transbordamento do canal fluvial/pluvial devido à ocorrência 
de precipitação intensa e à incapacidade de escoamento 
das águas para o estuário/laguna, ou o canal de maré ou a 
praia, pelo efeito do empilhamento de água na costa/maré 
alta anômala.

VI - Alagamentos associados a marés altas anômalas e 
ressacas

Acúmulo de água em ruas, calçadas ou outras infraestruturas 
urbanas devido à extrapolação da capacidade de escoamento de 
sistemas de drenagem urbana, em decorrência de precipitação 
intensa, maré alta anômala e ressaca (por galgamento sobre 
estruturas urbanas em áreas com erosão costeira acelerada).

VII - Vento Previsto do Quadrante Sul
Durante os eventos meteorológicos-oceanográficos extre-

mos os ventos sopram do quadrante sul, apresentando direções 
SW, SSW, S e SSE.

VIII - Altura e Direção de Ondas Significativas
A altura de uma onda marinha é definida como a diferença 

de nível entre a sua crista e o seu cavado. Como as alturas das 
ondas podem variar bastante, para se medir o estado do mar 
é utilizada a altura significativa das ondas, que corresponde à 
média do terço superior das ondas com maior altura registadas 
durante um período de tempo.

TÍTULO II
Do Funcionamento
CAPÍTULO I
Das Diretrizes Técnicas
Artigo 4º - O Plano Preventivo tem como base fundamental 

para erosão costeira:
1. Previsão de condições meteorológicas associadas à eleva-

ção do nível do mar junto à costa;
2. Elevação do nível do mar prevista (altura das ondas, 

elevação do mar e maré astronômica);
3. Mapa de risco à erosão costeira.
Parágrafo único: Para inundações costeiras e enchentes/ala-

gamentos causados por eventos meteorológicos-oceanográficos 
extremos (ressacas do mar e marés altas), o Plano tem como base:

1. Previsão de condições meteorológicas associadas à eleva-
ção do nível do mar junto à costa;

2. Elevação do nível do mar prevista (altura das ondas, 
elevação do mar e maré astronômica);

3. Mapa de risco a inundações costeiras e enchentes/alaga-
mentos causados por marés altas e ressacas.

CAPÍTULO II
Da Estrutura
Artigo 5º - O Plano Preventivo para os perigos costeiros 

tratados nesta resolução está estruturado em 3 (três) níveis, 
indicando, progressivamente, a possibilidade de ocorrências de 
ressacas e marés altas, a saber:

I - Observação: Vento previsto do quadrante sul (SSW a SSE) 
até 60 km/h, ondas de quadrante sul (SSW a SSE) com altura sig-
nificativa inferior a 2,0 metros e elevação de maré (astronômica 
mais meteorológica) prevista até 1,8 metros;

II - Atenção: Vento previsto do quadrante sul (SSW a SSE) 
entre 60 e 80 km/h, ondas de quadrante sul (SSW a SSE) com 
altura significativa de 2,0 a 3,0 metros ou elevação de maré 
(astronômica mais meteorológica) prevista entre 1,8 a 2,0 metros;

III - Alerta: Vento previsto do quadrante sul (SSW a SSE) 
acima de 80 km/h, ondas de quadrante sul (SSW a SSE) com 
altura significativa acima de 3,0 metros ou elevação de mare 
(astronômica mais meteorológica) prevista acima de 2,0 metros.

§ 1º - Para cada nível estão previstos procedimentos operacio-
nais, que visam à minimização das consequências desses eventos.

CAPÍTULO III
Dos Procedimentos Operacionais
Artigo 6º - Os procedimentos operacionais de contingência pre-

vistos para os diferentes níveis, segundo o artigo 5º, são os seguintes:
I - Nível de Observação
1) Coordenadoria Estadual de Defesa Civil (CEDEC):
a) monitorar os critérios de vento e ondas do quadrante sul 

e elevação da maré;
b) acompanhar, através das REDECs, as Coordenadorias 

Municipais de Defesa Civil (COMDEC) na operação dos Planos 
de Contingência;

c) convocar, quando necessário, os órgãos envolvidos para 
avaliação da operação do Plano;

d) emitir informações meteorológico-oceanográficos às 
REDECs e COMDECs.

2) Coordenadoria Regional de Defesa Civil (REDEC):
a) atender à convocação da CEDEC, para reunião dos 

órgãos envolvidos;
b) acompanhar as Coordenadorias Municipais de Defesa 

Civil (COMDEC) na operação dos Planos de Contingência;
c) acompanhar as previsões, avisos e alertas emitidos pela 

CEDEC.
3) Coordenadorias Municipais de Defesa Civil (COMDECs):
a) acompanhar as previsões, avisos e alertas emitidos pela 

CEDEC.
b) elaborar e desenvolver o Plano de Contingência Munici-

pal para os perigos costeiros associados a eventos meteorológi-
cos-oceanográficos extremos.

II - Nível de Atenção
1) Coordenadoria Estadual de Defesa Civil (CEDEC)
a) proceder a totalidade dos itens definidos para o nível 

de observação;
b) convocar reunião dos órgãos envolvidos, quando da 

mudança do nível, se for o caso;
c) registrar as informações acerca das vistorias de campo 

efetuadas pelas Coordenadorias Municipais de Defesa Civil 
(COMDECs);

d) comunicar o evento ao REDEC, COMDEC e órgãos de 
apoio, por meio de SMS e boletim meteorológico;

e) comunicar ao REDEC e COMDEC, por meio de SMS a 
mudança de nível do Plano.

2) Coordenadoria Regional de Defesa Civil (REDEC)
a) proceder a totalidade dos itens definidos para o nível 

de observação;
b) informar à CEDEC as vistorias de campo realizadas pelas 

COMDEC.
3) Coordenadorias Municipais de Defesa Civil (COMDEC)
a) proceder a totalidade dos itens definidos para o nível 

de observação;
b) enviar alertas para a população e veículos de comunicação;
c) adotar as medidas previstas nos respectivos planos de 

contingência municipal.
III - Nível de Alerta
1) Coordenadoria Estadual de Defesa Civil (CEDEC)
a) proceder a totalidade dos itens definidos para o nível 

de atenção;
b) viabilizar os meios logísticos e operacionais suplementa-

res às COMDEC, quando solicitados;
c) comunicar ao REDEC, COMDEC e órgãos de apoio, por 

meio de SMS a mudança de nível do Plano.
2) Coordenadoria Regional de Defesa Civil (REDEC)
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MÉTODO DE OBTENÇÃO DE BACTERIOCINAS, BACTERIOCINAS E USO 

DAS MESMAS 

Campo da invenção: 

[001] Esta invenção se insere no campo da biotecnologia 

e descreve um método de obtenção de bacteriocinas, mais 

especificamente, do peptídeo antimicrobiano LeuA1, análogo 

à Leucocina A, bem como o referido peptídeo. 

[002] Adicionalmente, a invenção provê o uso do 

referido peptídeo antimicrobiano LeuA1 como conservante 

biológico natural de alimentos. 

Fundamentos da invenção: 

[003] Até alguns anos atrás, a descoberta de novas 

moléculas com atividade antimicrobiana era realizada por 

meio de abordagens empíricas e básicas. 

[004] Os compostos eram sintetizados por metodologias 

trabalhosas e dispendiosas e a necessidade de obtenção de 

quantidades significativas de produtos para realização dos 

testes biológicos tornava todo o processo ainda mais 

demorado e custoso. 

[005] A síntese de moléculas análogas àquelas naturais 

(derivados estruturais com algumas modificações pontuais) 

permitiu a realização de estudos químicos, físicos e 

bioquímicos de grande parte dos peptídeos biologicamente 

ativos conhecidos até o presente momento. 

[006] O uso de peptídeos antimicrobianos, tais como as 

bacteriocinas, aparece como uma alternativa promissora aos 

agentes convencionais de combate. 

[007] As bacteriocinas são sintetizadas no ribossomo da 

maioria das bactérias e apresentam a capacidade de eliminar 

bactérias proximamente relacionadas. Estas possuem diversas 
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estruturas químicas e o seu papel na imunidade inata é 

essencial. 

[008] Estes peptídeos são geralmente pequenos (de 3 a 

10 kDa) e são inativados por enzimas proteolíticas. Sabe-

se, também, que em uma única bactéria, podem ser produzidos 

diversos peptídeos com estas características. 

[009] O estudo das bacteriocinas começou em 1925, com a 

descoberta das colicinas produzidas pela Escherichia coli. 

Devido ao seu potencial de aplicação como conservante 

biológico natural, as bacteriocinas têm sido identificadas 

e caracterizadas, principalmente aquelas produzidas por 

bactérias lácticas. 

[010] As bacteriocinas são empregadas na bioconservação 

de alimentos com o objetivo de controlar o desenvolvimento 

de microrganismos patogênicos e deteriorantes. Por serem 

descritas como um conservante natural, sua utilização em 

alimentos é muito promissora, já que os aditivos químicos 

têm sido vistos como vilões da indústria de alimentos, em 

virtude dos riscos de intoxicação que a ingestão constante 

dessas substâncias pode ocasionar. 

[011] Dentre as bacteriocinas, encontram-se as nisinas, 

pediocinas, lacticinas, lactococinas, leucocinas, 

plantaricinas, enterocinas, carnobacteriocinas e outras. Em 

geral, são catiônicas e exibem propriedades anfipáticas, 

sendo a membrana bacteriana, na maioria das vezes, o alvo 

de sua atividade, diferindo-se em tamanho, alvo microbiano, 

modo de ação, liberação e mecanismos de imunidade. 

[012] Pelo fato de as bactérias láticas produtoras de 

bacteriocinas ocorrerem naturalmente em alimentos 

fermentados, a adição de peptídeos antimicrobianos como 
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aditivos alimentares tende a ser mais facilmente aceita 

pelas autoridades de saúde e pelos consumidores. 

[013] Estudos demonstram que muitas bacteriocinas 

apresentam efeitos aditivos e sinérgicos em combinação com 

outros agentes antimicrobianos, incluindo preservativos 

químicos, compostos fenólicos naturais e outras proteínas 

antimicrobianas, dados relevantes quando a resistência 

microbiana é ressaltada. Consequentemente, a possibilidade 

de aplicação destes peptídeos antimicrobianos torna-se de 

grande interesse para a comunidade científica, já que são 

considerados seguros para a saúde humana e animal. 

[014] Neste contexto, há interesse no desenvolvimento 

de tecnologias associadas às bacteriocinas em substituição 

aos conservantes químicos, bem como técnicas de isolamento, 

análise, purificação, identificação e quantificação dos 

mesmos. 

[015] Sendo assim, a presente invenção provê um método 

de obtenção de bacteriocinas, em especial, a obtenção do 

peptídeo antimicrobiano LeuA1, bem como o referido peptídeo 

(aqui mostrado na Seq. Id. nº 2) e a aplicação deste como 

conservante biológico de alimentos de baixa toxicidade aos 

consumidores, a fim de controlar o desenvolvimento de 

microrganismos patogênicos e deteriorantes. 

[016] O uso de conservantes em alimentos é um tópico 

recorrente em discussão pública já que, ao falar sobre 

eles, muitos consumidores associam à presença de produtos 

químicos nocivos nos alimentos. No entanto, os conservantes 

tornaram-se indispensáveis na indústria de alimentos. 

Estado da técnica: 

[017] Alguns documentos do estado da técnica descrevem 
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a obtenção de peptídeos microbianos e seu uso. 

[018] O documento de anterioridade US5646014 descreve 

um agente antimicrobiano, o qual compreende um peptídeo 

obtido através da moricina isolada, sendo eficaz contra a 

ação de Staphylococcus aureus e Bacillus cereus. 

[019] Em CN101870986, é descrito um método de obtenção 

do peptídeo antimicrobiano plectasin através da fermentação 

laboratorial, sendo este eficaz como agente inibitório de 

Staphylococcus aureus e Streptococcus suis. 

[020] No PI0802371-9, é descrito um método de obtenção 

de bacteriocinas, mais especificamente nisina, a partir do 

cultivo de Lactococcus lactis em meio contendo soro de 

leite e / ou seus resíduos. 

[021] Diferentemente, esta invenção provê um método de 

obtenção de bacteriocinas, mais especificamente, do 

peptídeo antimicrobiano LeuA1, bem como o referido 

peptídeo. Ainda, é previsto o uso do referido peptídeo 

antimicrobiano LeuA1 como conservante biológico natural de 

alimentos, uma vez que são capazes de inibir o crescimento 

de bactérias Gram negativas e não apresentam citotoxicidade 

para células eucarióticas. 

Sumário da invenção: 

[022] A presente invenção descreve um método de 

obtenção de bacteriocinas, em especial o peptídeo 

antimicrobiano LeuA1, análogo à Leucocina A, bem como o 

referido peptídeo. 

[023] Ainda, esta invenção provê o uso do referido 

peptídeo antimicrobiano LeuA1 como conservante biológico 

natural de alimentos. 

Breve descrição das figuras: 
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[024] A figura 1 é um esquema ilustrativo do método de 

obtenção de bacteriocinas da presente invenção. 

[025] As Figuras 2A e 2B são uma predição da estrutura 

secundária da leucocina A e a estrutura primária do 

peptídeo sintetizado, em que o azul representa a cadeia β e 

o vermelho representa a α hélice. 

[026] As Figuras 3A e 3B mostram a inibição da 

atividade de superenovelamento do DNA pelo LeuA1, em que a 

linha A é o plasmídeo pBr322 relaxado controle; a linha B é 

o plasmídeo pBr322 relaxado e DNA girase (1U) na ausência 

de inibidor e a linha C é plasmídeo pBR322 relaxado, DNA 

girase (1U) e LeuA1 e os números 1, 2, 3 e 4 correspondem 

às concentrações ensaiadas 200, 100, 50 e 25 µmol.L-1, 

respectivamente. 

[027] A Figura 4 representa graficamente a porcentagem 

de hemólise para diferentes concentrações dos peptídeos. 

[028] A Figura 5 mostra a inibição enzimática com o 

LeuA1 em topoisomerase I humana, em que a linha A é o 

plasmídeo pBr322 superenovelado controle; a linha B é o 

plasmídeo pBr322 superenovelado e topoisomerase I (1U) na 

ausência de inibidor e a linha C é o plasmídeo pBR322 

superenovelado, topoisomerase I (1U) e LeuA1 e os números 

1, 2, 3 e 4 correspondem às concentrações ensaiadas 200, 

100, 50 e 25 µmol.L-1, respectivamente. 

Descrição detalhada da invenção: 

[029] A presente invenção descreve um método de 

obtenção de bacteriocinas, em especial o peptídeo 

antimicrobiano LeuA1, análogo à Leucocina A (indicado na 

Seq. Id. nº 1), bem como o referido peptídeo, indicado na 

Seq. Id. nº 2. 
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[030] O método de obtenção desta invenção está 

ilustrado esquematicamente na Figura 1 e consiste de uma 

síntese em fase sólida compreendendo as etapas de: 

a) Alongamento da sequência peptídica; 

b) Clivagem; e 

c) Caracterização. 

[031] A etapa (a) emprega o grupamento base-lábil Fmoc 

como protetor dos α-amino grupos para a proteção das 

cadeias laterais de resíduos de aminoácidos trifuncionais, 

usando resina Fmoc-Ala-Wang e DIC/HOBT como agentes de 

condensação. 

[032] Para o acoplamento dos aminoácidos, emprega-se 

excesso molar de 3 equivalentes para o Fmoc-aminoácido e 3 

equivalentes para os reagentes de condensação em DCM:DMF 

(1:1 v/v) por 1 hora e meia a 2 horas. A eficiência das 

etapas de acoplamento é monitorada pelo teste de ninidrina 

e, quando positivo, o processo é repetido com 50% da 

quantidade inicial dos reagentes. 

[033] Na etapa (b), a clivagem do peptídeo da resina e 

a desproteção dos grupos protetores das cadeias laterais é 

realizada com uma solução de clivagem (10 mL/g peptidil-

resina) contendo TFA (94,5 %), água deionizada (2,5 %), 

etanoditiol (2,5 %) e tri-isopropilsilano (0,5 %), a 25°C 

por 2 h. 

[034] O peptídeo in natura, cuja sequência está 

indicada na Seq, Id. nº 2, é precipitado com éter dietílico 

gelado e centrifugado por 4 vezes, em seguida, sendo 

liofilizado e purificado por cromatografia líquida de alta 

eficiência (HPLC). 

[035] Na etapa (c), a caracterização é realizada por 
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cromatografia líquida de alta eficiência (HPLC) – para 

análise dos aminoácidos - e por espectrometria de massa – 

para identificação dos peptídeos. 

[036] Os análogos das leucocinas possuem grande 

potencial como conservadores naturais de alimentos, pois 

agem especificamente em células bacterianas, não possuindo 

ação citotóxica para células humanas e por serem degradadas 

pelas enzimas do trato gastrointestinal, os mesmos não 

alteram a microbiota normal humana. 

Ensaios de Inibição Enzimática 

Ensaios de inibição do superenovelamento do DNA pela 

DNA girasse 

[037] Os estudos para avaliação da inibição da 

atividade de superenovelamento do DNA promovido pela DNA 

girase foram realizados de acordo com o seguinte protocolo: 

[038] Uma unidade (U) de DNA girase foi incubada com 

plasmídeo pBR322 relaxado contendo os análogos peptídicos 

sintetizados, em concentrações variadas, em tampão de 

ensaio. A reação foi interrompida pela adição de solução de 

proteinase K (2,5 mg/mL) e posterior incubação. 

[039] Em seguida, as amostras foram submetidas à 

análise por eletroforese em gel de agarose 1% em tampão 

TBE. As amostras foram aplicadas uma a uma nos poços do gel 

e submetidas à tensão constante de 24 V, à temperatura 

ambiente de 25 a 30ºC, por 2 horas a 2 horas e meia. Ao 

término da corrida, o gel foi corado em tampão de corrida, 

contendo brometo de etídio (50 mg/mL). O gel foi, então, 

examinado em transiluminador de luz UV e fotografado com 

luz UV incidente. 

[040] Os ensaios de eletroforese descritos 
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anteriormente foram realizados com o intuito de determinar 

as concentrações mínimas inibitórias de cada um dos 

peptídeos sintetizados, capaz de inibir a ação da DNA 

girase. 

Ensaios de inibição do relaxamento do DNA pela 

Topoisomerase IV 

[041] Em contraste à DNA girase, que possui atividade 

maior no superenovelamento negativo do DNA, a topoisomerase 

IV atua preferencialmente no relaxamento do DNA 

superenovelado positivamente, bem como no processo de 

desencadeamento do DNA. 

[042] Assim, torna-se evidente de que a topoisomerase 

IV desempenha também importante papel no processo de 

replicação e que a DNA girase não deve ser o único alvo 

intracelular efetivo para os diversos agentes terapêuticos. 

[043] Os ensaios para avaliação da inibição da 

atividade da topoisomerase IV, foram realizados incubando-

se 1 unidade (U) da enzima com plasmídeo pBR322 

superenovelado contendo cada um dos análogos peptídicos em 

concentrações variadas em tampão de ensaio. As amostras 

foram submetidas à análise por eletroforese em gel de 

agarose, nas mesmas condições descritas no item acima. 

Ensaios de inibição do crescimento bacteriano 

Ensaio de microdiluição em placas: 

[044] A atividade de inibição antimicrobiana foi 

determinada pela técnica de diluição em microplacas com 96 

orifícios, de acordo com a metodologia descrita na norma 

M7-A6 do Manual Clinical and Laboratory Standards Institute 

(CLSI, 2006). 

[045] Os orifícios das microplacas foram preenchidos 
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com CMH, acrescentados de 100μL das soluções do peptídeo 

nas concentrações de 50 µM a 200 µM. Adicionalmente, foram 

distribuídas suspensões dos microrganismos Salmonella 

sorovar Typhimurium (ATCC 6539), Staphylococcus aureus 

(ATCC 14458) e Listeria monocytogenes (ATCC 7644) em cada 

orifício das microplacas. 

[046] Como controle positivo, a ciprofloxacina 100 µM 

foi utilizada. Também foram realizados o controle do meio 

de cultura, o controle de crescimento bacteriano e o 

controle do peptídeo. 

[047] As microplacas foram incubadas em estufa por 20 a 

30 horas e os testes foram realizados em triplicata. Após o 

período de incubação, as microplacas foram submetidas à 

leitura de absorbância a 595 nm, em espectrofotômetro de 

microplacas. A partir da leitura espectrofotométrica, foi 

determinada a porcentagem de inibição microbiana para cada 

microrganismo. 

Ensaios de Toxicidade do Peptídeo 

Ensaios de inibição do relaxamento do DNA pela 

Topoisomerase humana I 

[048] A fim de verificar a possibilidade de ação tóxica 

do peptídeo desta invenção em células humanas, foram 

realizados ensaios de inibição enzimática com as enzimas 

topoisomerases humanas (topoisomerase I). 

[049] Assim como a topoisomerase IV bacteriana, a 

topoisomerase humana citada possui a função de relaxamento 

do DNA. Sendo assim, as condições dos ensaios realizados 

aqui foram semelhantes às descritas acima, porém com 

substituição das enzimas. 

Estudos de atividade hemolítica 
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[050] O teste de atividade hemolítica do peptídeo 

também foi realizado com o intuito de investigar a 

toxicidade dos mesmos em células eucarióticas. Para os 

testes, foram utilizadas hemácias de sangue humano 

separadas do plasma por centrifugação e lavadas com tampão 

PBS. Depois da incubação, os tubos foram centrifugados e 

alíquotas de sobrenadante foram pipetadas em microplacas de 

96 poços. 

[051] A absorbância a 405 nm foi determinada usando 

leitor de microplaca. O valor de 100% de hemólise foi 

determinado utilizando suspensão celular misturada com 

Triton X-100 1% (v/v), enquanto que o valor de 0% de 

hemólise foi obtido utilizando suspensão celular com tampão 

PBS. 

Design, síntese e caracterização dos análogos 

peptídicos das leucocinas 

[052] A sequência peptídica sintetizada foi projetada 

tendo como base a estrutura secundária de leucocinas A-, B- 

e C-TA33a, proposta por Papathanasopoulos et al. (1998), 

para estudos de inibição de diferentes espécies bacterianas 

de interesse em alimentos, principalmente por atuarem em 

alvos intracelulares a partir de mecanismos ainda pouco 

elucidados. 

[053] Para o design do peptídeo LeuA1, levou-se em 

consideração os aminoácidos que se estruturam em cadeia β 

da porção N-terminal e também os aminoácidos que se 

estruturam como a única α-hélice da leucocina A-TA33a 

(Figuras 2A-B). Acredita-se que este peptídeo tenha 

capacidade de interagir com as topoisomerases bacterianas, 

principalmente pela estrutura em α-hélice. 
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Resultados: 

[054] Os ensaios de inibição enzimática foram 

realizados com o intuito de avaliar a capacidade de 

inibição de cada peptídeo frente à DNA girase e 

Topoisomerase IV, as quais são excelentes alvos de ação 

para agentes antimicrobianos. O ensaio de eletroforese com 

DNA girase (Figura 3) revelou que o análogo LeuA1 não 

apresentou capacidade de inibição da enzima. 

[055] A partir destes resultados preliminares, 

observam-se indícios de que esse peptídeo análogo da 

Leucocina A tenha alvo intracelular podendo atuar em vias 

metabólicas, principalmente por ter inibido a enzima 

Topoisomerase IV. Os resultados referentes à atividade 

antimicrobiana (Tabela 1) mostraram-se eficazes na inibição 

de bactérias, principalmente para Staphylococcus aureus 

(96% de inibição), mas também para Listeria monocytogenes 

(79%) e Salmonella sorovar Typhimurium (69%). 

Tabela 1. Porcentagem de inibição. 

Concentração 

(µmol.L-1) 

Listeria 

monocytogenes 

Salmonella 

Tiphymurium 

Staphylococcus 

aureus 

50 19 + 0,19 7 + 0,07 14 + 0,14 

100 23 + 0,22 22 + 0,22 20 + 0,19 

150 74 + 0,74 63 + 0,63 89 + 0,89 

200 79 + 0,79 69 + 0,69 96 + 0,95 

[056] Como é possível observar, os valores de 

porcentagem de hemólise (Figura 4) para o peptídeo LeuA1, 

foi menor do que 10%, para as diversas concentrações 

testadas de 50 a 200 µM. Este valor porcentual é 

considerado mínimo, estando dentro do valor de segurança. 

[057] Além da citotoxicidade frente às hemácias, foi 
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investigada a influência dos peptídeos antimicrobianos na 

inibição das enzimas humanas topoisomerase I e 

topoisomerase II, mais um ponto de referência para a 

citotoxicidade em células eucarióticas. 

[058] Assim como a topoisomerase IV bacteriana, as 

topoisomerases humanas citadas possuem a função de 

relaxamento do DNA. Sendo assim, as enzimas em contato com 

um DNA superenovelado, tendem a torná-lo relaxado. 

[059] Na figura 5, observa-se que o análogo LeuA1 não 

apresentou atividade de inibição da ação da topoisomerase I 

humana em nenhuma das concentrações testadas. 

[060] De acordo com os resultados expostos acima, os 

análogos das leucocinas possuem grande potencial como 

conservadores naturais de alimentos, pois agem 

especificamente em células bacterianas, não possuindo ação 

citotóxica para células humanas. 

[061] Os versados na arte valorizarão os conhecimentos 

aqui apresentados e poderão reproduzir a invenção nas 

modalidades apresentadas e em outras variantes, abrangidas 

no escopo das reivindicações anexas. 
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REIVINDICAÇÕES 

1. Método de obtenção de bacteriocinas caracterizado 

por consistir de uma síntese em fase sólida compreendendo 

as etapas de: 

a) Alongamento da sequência peptídica; 

b) Clivagem; e 

c) Caracterização. 

2. Método, de acordo com a reivindicação 1, 

caracterizado pelo fato de, na etapa (a), o acoplamento dos 

aminoácidos ser realizado empregando excesso molar de 3 

equivalentes para o Fmoc-aminoácido e 3 equivalentes para 

os reagentes de condensação em DCM:DMF (1:1 v/v) por 1 hora 

e meia a 2 horas. 

3. Método, de acordo com a reivindicação 1 ou 2, 

caracterizado pelo fato de, na etapa (b), a clivagem do 

peptídeo da resina e a desproteção dos grupos protetores 

das cadeias laterais ser realizada com uma solução de 

clivagem contendo 94,5 % de TFA, 2,5% de água deionizada, 

2,5 % de etanoditiol e 0,5 % de tri-isopropilsilano a 25 °C 

por 2 h. 

4. Método, de acordo com a reivindicação 1 ou 2, 

caracterizado pelo fato de o peptídeo in natura ser 

precipitado com éter dietílico gelado e centrifugado por 4 

vezes, seguido de liofilização e purificação por HPLC. 

5. Método, de acordo com a reivindicação 1, 

caracterizado pelo fato de a caracterização ser realizada 

por HPLC e por espectrometria de massa. 

6. Bacteriocinas, obtidas conforme o método definido 

nas reivindicações 1 a 5, caracterizado por ser uma 

leucocina tal como definida na Seq. Id. nº 2. 
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7. Uso das bacteriocinas, conforme definidas na 

reivindicação 6 e obtidas conforme o método definido nas 

reivindicações 1 a 5, caracterizado por ser como 

conservadores naturais de alimentos. 
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FIGURA 5 
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Resumo 

MÉTODO DE OBTENÇÃO DE BACTERIOCINAS, BACTERIOCINAS E USO 

DAS MESMAS 

A presente invenção descreve um método de obtenção de 

bacteriocinas, mais especificamente, peptídeo 

antimicrobiano LeuA1, análogo à Leucocina A, bem como o 

referido peptídeo (conforme definido na Seq. Id. nº 2). 

Ainda, esta invenção provê o uso do referido peptídeo 

antimicrobiano LeuA1 como conservante biológico natural de 

alimentos. 
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Candida albicans is the most pathogenic fungal species, commonly colonizing on
human mucosal surfaces. As a polymorphic species, C. albicans is capable of switching
between yeast and hyphal forms, causing an array of mucosal and disseminated
infections with high mortality. While the yeast form is most commonly associated
with systemic disease, the hyphae are more adept at adhering to and penetrating
host tissue and are therefore frequently observed in mucosal fungal infections, most
commonly oral candidiasis. The formation of a saliva-derived protein pellicle on the
mucosa surface can provide protection against C. albicans on oral epithelial cells, and
narrow information is available on the mucosal pellicle composition. Histatins are one of
the most abundant salivary proteins and presents antifungal and antibacterial activities
against many species of the oral microbiota, however, its presence has never been
studied in oral mucosa pellicle. The objective of this study was to evaluate the potential
of histatin 5 to protect the Human Oral Epithelium against C. albicans adhesion. Human
Oral Epithelial Tissues (HOET) were incubated with PBS containing histatin 5 for 2 h,
followed by incubation with C. albicans for 1 h at 37◦C. The tissues were then washed
several times in PBS, transferred to fresh RPMI and incubated for 16 h at 37◦C at 5%
CO2. HOET were then prepared for histopathological analysis using light microscopy. In
addition, the TUNEL assay was employed to evaluate the apoptosis of epithelial cells
using fluorescent microscopy. HOET pre-incubated with histatin 5 showed a lower rate
of C. albicans growth and cell apoptosis when compared to the control groups (HOET
alone and HOET incubated with C. albicans). The data suggest that the coating with
histatin 5 is able to reduce C. albicans colonization on epithelial cell surfaces and also
protect the basal cell layers from undergoing apoptosis.

Keywords: histatins, salivary proteins, mucosal pellicle, oral mucosa, Candida albicans

Introduction

Removable dentures provide edentulous patients with the rehabilitation of masticatory and esthetic
functions (Dhir et al., 2007); however, one consequence of the continual use of dentures is
the adhesion of microorganisms and biofilm formation (Lazarin et al., 2014). Candida sp. are
opportunistic pathogens that are frequently isolated from the oral cavity, and its biofilms are often
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associated with candidiasis (Gomes et al., 2011; Hahnel et al.,
2012; Lazarin et al., 2014). These biofilms are extremely resistant
to antimicrobial agents compared to planktonic microorganisms
due to the presence of extracellular polymeric substance (EPS)
generated by microorganisms themselves, which acts as an
impervious and protective covering of biofilms. They are not
only resistant to the action of most of the available antifungal
substances, but they also resist the phagocytic action of our
immune cells (Chandra et al., 2001b). Salivary pellicle is a
thin, biological film of selective salivary proteins, lipids, and
carbohydrates which coats oral surfaces and acts as an interface
between the oral surface and the first layer of microorganisms.
When the salivary proteins adsorb on the tooth surface, it is
called acquired enamel pellicle (AEP). A mature AEP has more
than 130 different proteins, ranging from protein to peptide size
(Siqueira et al., 2007). The formation of a saliva-derived protein
pellicle on the mucosa surface can provide protection against the
colonization and invasion of Candida albicans on oral epithelial
cells, which leads to candidiasis. In the literature, narrow
information is available on the mucosal pellicle composition, and
few studies have reported the presence of salivary proteins such
as mucins, cystatins, IgA, amylase, and statherin (Bradway et al.,
1992; Gibbins et al., 2013) on the oral epithelial cell.

Histatins are one of the most abundant salivary proteins and
have been shown to be multifunctional in the oral cavity due to
their strong antifungal and antibacterial activities against many
species of the oral microbiota (Pollock et al., 1984). Histatin
5, for example, adsorbed as a protein integument on PMMA
and hydroxyapatite, effectively inhibits C. albicans colonization
(Vukosavljevic et al., 2012). Potentially, histatin 5 could be one of
the salivary components in mucosal pellicle that protects the oral
cavity against infections caused by pathogenic microorganisms.
The purpose of this study was to assess the potential effect of
histatin 5 human oral mucosa coating to protect epithelial cells
against C. albicans colonization.

Materials and Methods

Microorganisms and Growing Conditions
Stock culture of C. albicans (ATCC 90028) maintained at –80◦C
was used in each experiment. After recovery, C. albicans was
maintained on Sabouraud Dextrose Agar (SDA; BDTM Difco,
Franklin Lakes, NJ, USA), stored at 4◦C. A loopful of the stock
culture of C. albicans was streaked onto SDA and incubated
aerobically at 37◦C for 48 h to prepare the yeast inoculum. One
loopful of this young culture was then transferred to 20 mL of
YNB broth (BioShop R© , Canada Inc., Burlington, ON, Canada)
supplemented with 50 mM glucose and incubated at 37◦C for
21 h. Cells of the resultant culture were harvested, washed twice
with PBS at pH 7.4, and centrifuged at 4,000 × g for 10 min.
The final concentration was adjusted to 107 cells mL−1 (Chandra
et al., 2001a; Pereira-Cenci et al., 2008).

Candida albicans Killing Assay
A total of 50 µL from the suspension was added to 50 µL of
a 10-fold serial dilution of histatin 5 in a 96-well polystyrene

microtiter plate (Corning Inc., Corning, NY, USA) with an initial
concentration of 800 µg/mL. For the control group, 50 µL of
C. albicans suspension was added to 50 µL of PBS. After 1.5 h
of incubation at 37◦C, 50 µL of suspension from the selected
wells were diluted in 9 mL of PBS. After that, 25 µL aliquot of
the diluted suspension was plated on SDA and incubated at 30◦C
for 48 h (Helmerhorst et al., 2006). Colony counting was used to
assess cell viability (CFUmL−1). This experiment was carried out
in triplicate.

The Effect of Histatin 5 When Adsorpted on a
Microtiter Plate Prior C. albicans Biofilm
Formation
Prior to the C. albicans assay, histatin 5 (protein purity > 95%,
GenScript, Piscataway, NJ, USA) was re-suspended in distilled
water with a concentration of 15 µg/mL. A total volume of
200 µL of histatin 5 solution was added to each well of a 96-
well polystyrene microtiter plate, and the wells were incubated for
2 h at 37◦C under gentle agitation. The wells were then washed
with distilled water to remove the non-adsorbed histatin 5, and
subsequently used for the formation of C. albicans biofilm at
different time periods: 90 min, 24 h, 48 h, and 72 h. Non-adherent
C. albicans cells were removed by washing them with PBS. At
each time period, the adherent cells were harvested from the
microtiter plate and plated onto SDA as described above. This
experiment was carried out in triplicate.

Effect of Histatin 5 When Incubated Over a
48 h C. albicans Biofilm Formation
A 48 h C. albicans biofilm was developed as described above. The
only difference was the absence of histatin 5 as a solid surface.
After the C. albicans biofilms formation, histatin 5 was added
with different concentrations, ranging from 6.3 to 12,800 µg/mL.
After 24 h of contact with histatin 5, the C. albicans were washed
three times with PBS and the cells were harvested, which was
followed by 10-fold serial dilutions from 10−1 to 10−4 and plated
onto SDA. The experiment was carried out in triplicate.

For the three tests described above, the number of CFU mL−1

was calculated and the analyses of variance (ANOVA) follow by
the TukeyHonestly Significant Difference (HSD) post hoc test was
used to determine differences between means (a = 0.05).

Cell Culture
The cytotoxicity effect of histatin 5 was evaluated on gingival
fibroblasts grown in Dulbeccco’s Modified EagleMedium (gibco R©

by life technologies), supplemented with antibiotic–antimycotic
solution (Sigma–Aldrich) and 10% v/v fetal bovine serum (gibco R©

by life technologies). The culture was maintained at 37◦C in
an atmosphere of 5% CO2 in 95% air. (Thermo Scientific,
USA). Cells were cultured until reaching confluence (90%) and
removed with trypsin (0.05%)/EDTA (0.02%), (gibco R© by life
technologies) in 1X PBS. The trypsin was inactivated by the
addition of culture medium, and the cells were then subjected
to centrifugation at 2000 rpm for 5 min, resuspended and re-
plated. The medium was changed two to three times per week.
Total viable cell counts were made in a Neubauer chamber (New
Optics), and a suspension containing 2.0 × 104 cells/ml was

Frontiers in Microbiology | www.frontiersin.org 2 August 2015 | Volume 6 | Article 885

http://www.frontiersin.org/Microbiology/
http://www.frontiersin.org/
http://www.frontiersin.org/Microbiology/archive


Moffa et al. Histatin 5 oral mucosal pellicle

placed in 24 well plates (TPP) and incubated in a humidified
atmosphere containing 5% CO2 at 37◦C for 48 h. After the
incubation period, the culture medium was disposed, and
attached cells remained at the bottom of the plates. A serial
dilution of histatin 5 was performed using fresh culture medium,
and 1 mL was added to each well. The plates were maintained
at 37◦C in an atmosphere of 5% CO2 in 95% air for 24 h. Five
wells were used for each experimental group. Five wells received
only 1ml of culture mediumDulbeccco’s Modified EagleMedium
(gibco R© by life technologies), supplemented with antibiotic–
antimycotic solution (Sigma–Aldrich) and 10% v/v fetal bovine
serum (gibco R© by life technologies), which served as the negative
control.

Cytotoxicity Assay (MTT)
Mitochondrial dehydrogenase activity was measured using
the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] assay from Sigma–Aldrich. After 24 h of cell growth in
either control or test culture media, 100µl of MTT stock solution
(MTT, Sigma Chemical Co., St. Louis, MO, USA) was added to
each well. The plates were incubated for 4 h at 37◦C in 5% CO2.
After the incubation period, the cultures were removed from
the incubator, and the resulting formazan crystals were dissolved
by adding 100 µL of MTT solubilization solution (MTT, Sigma
Chemical Co., St. Louis, MO, USA). Plates were then shaken
until the crystals were completely dissolved and the absorbance
was spectrophotometrically measured at a wavelength of 570 nm
(Labsystems Multiscan Ascent, Thermo Labsystems, Vantaa,
Finland). All experiments were performed three times.

The results were submitted to ANOVA and Bonferroni tests.
In addition, the results were also evaluated in accordance with
ISO standard 10993-5:

0: not cytotoxic (inhibition below 25%)
1: slightly cytotoxic (inhibition between 25 and 50%)
2: moderately cytotoxic (inhibition between 50 and 75%)
3: intensely cytotoxic (inhibition higher than 75%).

Human Oral Epithelium Infection
Reconstructed human oral epithelium (HOE) tissues (SkinEthic
Laboratories, Lyon, France) were incubated overnight in 12-well
polystyrene microtiter plates containing 1.0 mL of Maintenance
Medium at 37◦C in a humidified atmosphere with 5% CO2.
After the incubation period, the tissues were washed three times
with PBS. Before the infection procedure, the HOE tissues were
divided into four experimental groups (n = 3), with G1 and G2
incubated with PBS, and G3 and G4 incubated with histatin 5
(50 µg mL−1). The incubation time was performed for 2 h at
37◦C under 5% CO2 (Vukosavljevic et al., 2012). Following, the
tissues were washed three times with PBS and then transferred to
a new microtiter plate containing 5 mL of RPMI-1640 medium
(gibco R© by life technologies) in eachwell. For G2 andG4, aliquots
of 50 µL of 107 mL−1 C. albicans cells were transferred into each
well and incubated for 60 min at 37◦C in an orbital shaker at
75 rev min−1 for the adhesion phase. Tissues were then washed
three times with PBS, transferred to a new microtiter plate filled
with fresh RPMI-1640 medium and incubated for 24 h at 37◦C

with 5% CO2. The same protocol was followed for G1 and G3 but
without adding the microorganism.

Histology and Light Microscopy
The HOE tissues were excised around the circumference with
a blade, fixed immediately in 4% buffered formalin, and
then embedded in paraffin wax. For each HOE tissue, 30 of
3 µm paraffin wax sections were prepared. After deparaffinized
in xylene, the sections were stained using hematoxylin and
eosin (H&E) technique, mounted in DPX mountant (VWR,
Lutterworth, UK), and examined by light microscopy with a
Leica DFC295 camera connected to a Leica DM1000 microscope
(Leica Microsystems, Wetzlar, Germany). To determine which
cells were in apoptosis, terminal deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL) was assayed fluorescently using
in situ cell death detection kit (Roche, West Sussex, UK) and
HOE sections were imaged under the fluorescent microscope
Zeiss Axio Imager M.1 Axio coupled with a Qimaging Retiga EXi
CCD camera (Zeiss, Jena, Germany). Histological changes during
infection were examined by microscopy at ×40 magnification.

Results

For the purposes of analysis, CFUmL−1 values were transformed
into logarithm values (log10). The results of number of
colony-forming units per milliliter (CFU mL−1) were evaluated
statistically by ANOVA. Tukey HSD post hoc test was used
to determine differences between means (a = 0.05). Figure 1
presents the mean (M) and standard deviation (SD) of the
logarithm cell count in CFU/mL for the killing assay test. There
were no statistically significant differences between the control
and the group treated with 12.5 µg/mL of histatin 5. Moreover,
the control and the group treated with 12.5 µg/mL of histatin
5 produced higher mean values of logarithm cell count. This
was statistically different (p = 0.00) when compared to the other
groups, which are statistically similar to each other (Figure 1).

The effect of histatin 5 when adsorbed to microtiter plate
prior C. albicans biofilm formation was summarized in Figure 2.
The logarithm cell counts in CFU/mL were compared with
the two groups (control and group coated with histatin 5) at
each time point. The results revealed that the group coated
with histatin 5 in a concentration of 15 µg/mL previous
to microorganisms colonization exhibited lower mean values
of C. albicans for all time points (90 min, 24 h, 48 h,
and 72 h) when compared with control group (p = 0.00).
On the other hand, according to the results presented in
Figure 3, when histatin 5 was incubated for 24 h over a
prior formed 48 h C. albicans biofilm, there was no difference
in cell counts in all tested concentrations of histatin 5
(6.3–12,800 µg/mL) when compared with each other and with
the control (p = 0.454).

The ANOVA followed by Bonferroni test shows statistically
significant differences between groups, where we can observe
that the concentrations of 12800, 6400, and 3200 ug/mL
are statistically similar and have the highest cytotoxicity
by reducing the viability of the fibroblasts to up to 94%.
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FIGURE 1 | Killing of Candida albicans by histatin 5. Cells were incubated for 1.5 h at 37◦C with a dilution series of histatin 5 or without histatin 5 (control
group). The dilutions were then plated in Sabouraud Dextrose Agar (SDA) media and the logarithm values of CFU/mL−1 were calculated.

FIGURE 2 | Logarithm values of CFU/mL−1 when histatin 5, in a concentration of 15 µg/mL, is adsorpted on a microtiter plate prior to C. albicans
biofilm formation in different stages of growth: 90 min, 24, 48 and 72 h, and their respective controls.

FIGURE 3 | Logarithm values of CFU/mL−1 when histatin 5 was in
different concentrations, ranged from 12,800 to 6.3 µg/mL, were
incubated for 24 h over a 48 h C. albicans biofilm.

The results show that concentrations ranging from 800 to
6.25 µg/mL have statistically similar values to the control
group, may be considered non-cytotoxicity to human cells
(Table 1).

After identifying the minimal concentration range needed
to coat a solid surface with histatin 5 in order to obtain a

significant inhibition effect on C. albicans biofilm, our approach
was to evaluate the effect of histatin 5 adsorbed to HOE cells
using a similar concentration. Figure 4 shows that untreated
HOE (G1) and the group treated with 50 µg/mL of histatin
5 (G3), both without C. albicans, exhibited a normal HOE
morphology (Figures 4A,C). Our results also demonstrated that
the epithelium cells treated according to G1 and G3 are not in
apoptotic stage (Figures 4E,G).

In order to assess the potential implications of histatin
5 as a protein that is able to protect the oral epithelium
against microorganism adhesion, the tissues from G2 and G4
were infected with C. albicans. As expected, examination of
H&E stained tissue sections demonstrated efficient adherence
of C. albicans on the outer layer of the reconstructed HOE
(Figures 4B,D). For G2, which was not treated with histatin 5,
a higher number of C. albicans in hyphae form (Figure 4B) was
observed. Interestingly, for the group treated with histatin 5 (G4),
we can observe that C. albicans cells are in the non-invasive
form. These images were consistent with those observed with
TUNEL assay, where the group treated with histatin 5 showed
that the presence of the apoptotic cells were restricted to the
outer layer (Figure 4H). In contrast, the group without histatin

Frontiers in Microbiology | www.frontiersin.org 4 August 2015 | Volume 6 | Article 885

http://www.frontiersin.org/Microbiology/
http://www.frontiersin.org/
http://www.frontiersin.org/Microbiology/archive


Moffa et al. Histatin 5 oral mucosal pellicle

TABLE 1 | Mitochondrial dehydrogenase activity of gingival fibroblast
exposed to histatin 5 solutions.

Group Mean SD % of inhibition

Control 0.230AB 0.043 0

12800 0.015C 0.002 94

6400 0.015C 0.001 94

3200 0.025C 0.003 89

1600 0.173B 0.008 25

800 0.199AB 0.013 14

400 0.220AB 0.021 4

200 0.211AB 0.025 8

100 0.231A 0.017 0

50 0.204AB 0.026 9

25 0.142AB 0.020 7

12.5 0.221AB 0.075 4

6.25 0.208AB 0.076 9

Cytotoxicity mean values designated with vertically identical capital letters were not
statistically different (P > 0.05).

5 clearly displays the presence of apoptotic cells in different
layers.

Discussion

The processes that lead to the development of oral infections
have been extensively studied. In the cases when there is balance
between the virulence of a microorganism and the host ability
to prevent microbial colonization, both host and microorganism
can leave in a commensal state. On the other hand, when there is
an imbalance, the oral cavity becomes an opportune environment
for the development of infection diseases such as candidiasis,
C. albicans being one of the most successful oral pathogens (Gow
et al., 2012).

The fungicidal activity of histatin 5 has been shown to
compromise residues 11–24 (Raj et al., 1990) where histatin 5
enters the C. albicans cell by involving specific receptors and/or
driven by the transmembrane potential causing mitochondrial
swelling, inhibiting the Krebs cycle, reducing the expression of
an ATPase complex, and leading to a decrease in ATP production
(Komatsu et al., 2011). The final result is the release of ATP and
other essential energy storage molecules from the cell and cellular
demise.

The data from killing assay (Figure 1) indicates that
C. albicans are highly susceptible to histatin 5 solutions
ranged from 800 to 25 µg/mL, leading to an approximated 2-
log reduction in CFU mL−1. Our results are in accordance
with Konopka et al. (2010), which treated different strains of
C. albicans with histatin 5, and concluded that in a concentration
of 4.8 µM, histatin 5 was able to reduce the yeast growth by 50%.
In addition, it was observed that there is no statistical significant
difference between the solutions ranged from 800 to 25 µg/mL.
This observation might be due to the fact that histatin precipitates
at > 64 µg/mL (Pettit et al., 2005). According to Jori et al. (2006),
the efficiency of a treatment can be expressed when it induces a 4-
log decrease in the survival of microorganisms; however, herein

is an in vitro study, and in the oral cavity histatin 5 is secreted
continuously.

The effect of histatin 5 when adsorpted to microtiter plate
prior C. albicans biofilm formation (90 min, 24, 48, and 72 h)
are summarized in Figure 2. The reduction of C. albicans
was significantly higher for the group treated with histatin 5,
irrespective of the evaluated time point (p = 0.00). Interestingly,
48 h histatin 5 coating resulted in a reduction of biofilm
development compared to the 24 and 72 h, suggesting that
histatin 5 is effective in reducing C. albicans growth during a later
stage. According to Pusateri et al. (2009), PMMA disks treated
with histatin 5 did not present an effect in reducing biofilm
until 72 h. Similar results showed that the amount of C. albicans
initially attached to PMMA surface was not significantly different
between the control group and a group treated with histatin
5 until after 24 h (Yoshinari et al., 2006). However, herein, in
the initial stage of C. albicans adhesion (90 min), a decrease
in the number of cells was observed, showing a clear effect
of histatin 5. In another study, histatin 5 adsorbed on PMMA
or hydroxyapatite effectively inhibited C. albicans adhesion in
initial stages and continued this inhibitory effect after 24 h
(Vukosavljevic et al., 2012).

When histatin 5 was incubated for 24 h over a prior formed
48 hC. albicans biofilm, evenwith high concentrations of histatin
5, no effect against the C. albicans was observed (Figure 3).
Development of C. albicans biofilms are associated with an
increasing presence of extracellular polysaccharides (EPS), which
is known to physically interact with antibiotics and contributes
to resistance against these drugs Hawser and Douglas (1995).
Moreover, Candida sp. EPS has a hydrophobic characteristic,
which can diminish the penetration of histatin 5 into C. albicans
biofilm (Chandra et al., 2001b).

Merely the presence of C. albicans cannot be related to the
candidiasis establishment. The change of yeast to hyphae is a
critical step for the host invasion by C. albicans and colonization
of host tissue (Berman and Sudbery, 2002). Interestingly, our
study demonstrated that pre exposition of histatin 5 to oral
epithelial cells diminished the adhesion of C. albicans to
the epithelium. In addition, a change to hyphae form was
significantly inhibited when histatin 5 was adsorbed to HOE.
This outcome suggests that histatin 5 interfere in the not totally
characterized mechanism of C. albicans adhesion on the oral
mucosa.

Candida albicans has the ability to invade and damage oral
epithelial cells, which is critical for infection establishment.
Indeed, oral epithelial cells after 18 h of candidal infection
demonstrate significant death prevalence. The invasion for
C. albicans stimulates oral epithelial signaling pathways and
causes early apoptotic cell death, which is followed by secondary
necrosis (Villar and Zhao, 2010). Our results verified that pre
incubation of histatin 5 to oral epithelium drastically decreased
the oral epithelium apoptosis caused by C. albicans, which was
restricted to the outer layer of HOE. This event can most
likely be explained by inhibition of hyphae formation when
histatin 5 is adsorbed to HOE. In addition, only histatin 5
in the tested concentration did not damage the epithelial cell,
which suggests a low cytotoxicity effect of this protein against
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FIGURE 4 | Histopathology analysis of reconstructed human oral
epithelium, exposed or not to histatin 5, both without C. albicans,
exhibited a normal morphology (A,C) and no apoptotic cells (E,G).
For the tissues exposed to C. albicans, hematoxylin and eosin (H&E)
stained sections demonstrated efficient adherence of C. albicans on the
outer layer of the reconstructed human oral epithelium (HOE; B,D). In the
group which was not treated with histatin 5, a higher number of C.
albicans in hyphae form (B) was observed. Interestingly, for the group

treated with histatin 5 (50 µg ml−1), we can observe that C. albicans
cells are in the non-invasive form (D). For the TUNEL assay, HOE treated
with histatin 5 showed presence of apoptotic cells restricted to the outer
layer (H). In contrast, the group without histatin 5 clearly displays the
presence of apoptotic cells in different layers (F). Scale bars = 50 µm.
All pictures were taken with ×40 magnification with exception of the
details presents in figure (B,D) that are ×100 magnification. HOE is
formed on polycarbonate filter (∗ ).
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host cell. Moreover, our cytotoxicity data showed that histatin 5
at the concentration of 50 µg/mL was able to cause an inhibition
of 9% on cell viability of gingival fibroblast, and according to
ISO standard 10993-5, a inhibition below 25% is considered not
cytotoxic.

In the present study, different assays were used to quantify the
activity of histatin 5 against C. albicans planktonic cells, biofilm
and an in vitro formation of a histatin 5 oral mucosal pellicle.
Histatin 5 in a physiological concentration was able to protect
the HOE against C. albicans colonization and, at the same time,
not interfere in the host cell homeostasis. This exciting outcome

prepares a base for clinical research where the protection of the
human oral mucosa against yeast infection could be evaluated by
using a native protein.
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Abstract
With recent progress in the analysis of the salivary proteome, the number of salivary pro-

teins identified has increased dramatically. However, the physiological functions of many of

the newly discovered proteins remain unclear. Closely related to the study of a protein’s

function is the identification of its interaction partners. Although in saliva some proteins may

act primarily as single monomeric units, a significant percentage of all salivary proteins, if

not the majority, appear to act in complexes with partners to execute their diverse functions.

Coimmunoprecipitation (Co-IP) and pull-down assays were used to identify the heterotypic

complexes between histatin 5, a potent natural antifungal protein, and other salivary pro-

teins in saliva. Classical protein–protein interaction methods in combination with high-

throughput mass spectrometric techniques were carried out. Co-IP using protein G mag-

netic Sepharose TM beads suspension was able to capture salivary complexes formed

between histatin 5 and its salivary protein partners. Pull-down assay was used to confirm

histatin 5 protein partners. A total of 52 different proteins were identified to interact with his-

tatin 5. The present study used proteomic approaches in conjunction with classical bio-

chemical methods to investigate protein–protein interaction in human saliva. Our study

demonstrated that when histatin 5 is complexed with salivary amylase, one of the 52 pro-

teins identified as a histatin 5 partner, the antifungal activity of histatin 5 is reduced. We

expected that our proteomic approach could serve as a basis for future studies on the mech-

anism and structural-characterization of those salivary protein interactions to understand

their clinical significance.

Introduction
Recent efforts in salivary research have resulted in the elucidation and characterization of the
proteomes of the major gland human salivary secretions and whole saliva [1–6] by classical
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biochemical methods [7–10] as well as more advanced approaches [1,5,6,11–14]. Saliva con-
tains a large array of proteins and peptides that have the potential to form complexes [15–19].
Biomolecular interactions play a critical role in the majority of cellular processes. Understand-
ing the consequences of protein interactions is a crucial role for the development of novel ther-
apeutics approaches [20]. The formation of complexes in biological systems involves ionic
forces, hydrogen bonding, and/or hydrophobic interactions that can result in altered protein
structure and can lead to new biological activities [21]. A previous study mapped protein inter-
actions for 338 human bait proteins that were selected based on known disease and functional
associations. Large-scale immunoprecipitation and mass spectrometry resulted in the identifi-
cation of 6463 interactions between 2235 distinct proteins [20]. Other studies used the same
approach to map protein-protein interactions in yeast, creating unique data sets for biology
and extrapolation into mammalian biology [22,23]. Based on available data in regard to pro-
tein-protein interaction, another study used literature-mining algorithms to recover fromMed-
line abstracts 6580 interactions among 3737 human proteins [24]. In saliva, salivary protein
complexes also are described [15–17] and a suitable biological function for these complexes is
to serve as a mechanism between salivary protein partners for protection from oral proteolysis;
and/or to play a role in the delivery of salivary proteins to different locations in the oral cavity.

Based on these potential biological functions related to the salivary protein complexes, a
comprehensive analysis of the salivary complexes present in saliva is needed to understand bet-
ter the physiology of the oral cavity. Recently, histatin 1 was used as a target protein for the
identification of salivary protein partners. In this study 43 proteins were identified as partners
of histatin 1. In addition, it was found that these protein-protein interactions protect complex
partners from oral proteolysis and modulates the biological activity of the proteins complexed
[4]. Now, to continue these studies, histatin 5 was selected as our target protein. Histatin 5 was
selected due to the abundance of this protein in saliva and its importance for maintaining oral
homeostasis. In spite of histatin 1 and histatin 5 belonging to the same protein family, those
proteins present significant differences in post-translational modification and biological activi-
ties. For example, histatin 1 is phosphorylated in the second amino acid residue while histatin
5 is un-phosphorylated. Histatin 5 is described as the major histatin related to the killing of an
opportunistic fungus called Candida albicans [25], while histatin 1 represents the strongest his-
tatin in relation to inhibition of enamel demineralization [26]. Based on this difference between
those two abundant salivary proteins, the aim of this study was to identify the heterotypic com-
plexes between histatin 5 and other salivary proteins in saliva by using classical protein-protein
interaction methods in combination with mass spectrometric analysis. Further, this study
aimed to evaluate the biological function of histatin 5 and some of its partners when com-
plexed. As a final outcome, the present study intends to develop a high-throughput platform
combining classical protein-protein interaction methods and mass spectrometry for rapid
identification of novel protein interactions with a “bait” protein (e.g. histatin 5) of interest.

Material and Methods

Ethics approval and human participants
This study was approved by the Research Human Ethics Board of The University of Western
Ontario (review number 16181E); moreover, all the volunteers signed consent forms. Saliva
samples were collected from four healthy, nonsmoking adult volunteers, ranging in age from
22 to 33 years old (two males and two females). These individuals did not exhibit signs of gingi-
vitis, periodontal disease, active dental caries, or any other oral or systemic condition that
could affect saliva composition.

Histatin 5 Interactome
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Parotid collection
To minimize circadian effects, saliva samples were collected between 9:00 and 11:00 A.M. A
total volume of 5 mL of saliva was collected [27]. Parotid saliva was stimulated with sugar-free
sour candy and collected with a Carlson–Crittenden device and kept on ice during the collec-
tion procedure. A pool of parotid saliva from the four subjects was used in all experiments. The
total protein concentration was measured by the bicinchoninic acid assay (Pierce Chemical,
Rockford, IL, USA) using BSA as a protein standard.

Coimmunoprecipitation assay using magnetic beads
Fifty microliters of PureProteome™ protein G magnetic beads suspension (Millipore, Billerica,
MA, USA) was mixed with 500 μL of binding buffer (PBS, pH 7.5) for 5 min. Binding buffer
was removed using the magnetic MagRack6™ leaving only the magnetic beads in the polypro-
pylene microcentrifuge tube. Next, 20 μL of mouse anti-histatin 3/5 monoclonal antibody (cat-
alogue number: CABT-15413MH, Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA),
which presents specificity for common region of histatin 3 and histatin 5 [28,29], in 200 μL of
binding buffer was added onto the beads and incubated at 4°C for 60 min, allowing binding of
the antibodies to the beads. After incubation, the beads were washed three times with 500 μL of
binding buffer to remove unbound antibodies. To identify the histatin 5 complexes with sali-
vary proteins, the beads were previous incubated at 4°C for 24 h with 100 μg of histatin 5 (Syn-
Peptide Co., Ltd, Shanghai, China) in 400 μL of binding buffer which assure only histatin 5
present in the reaction antigen-antibody. After incubation the beads were washed wit h PBS.
Finally, histatin 5- coated beads were incubated with 300 μg of dried parotid saliva resuspended
in 400 μL of binding buffer at 4°C for 24 h. After incubation, the supernatant containing the
nonbound fraction was removed and kept on ice for further analysis. Nonspecific proteins
were washed with 500 μL of wash buffer (PBS, pH 7.5). This procedure was repeated three
times. Each time, the supernatant was collected and kept on ice. Coimmunoprecipitated pro-
teins were eluted with 50 μL of elution buffer (2.5% acetic acid) added onto the beads and incu-
bated at 4°C for 15 min. This procedure was also repeated three times. The protein
concentration of elution fractions was subsequently determined using the bicinchoninic acid
protein concentration assay. Negative control experiments were carried out in the same man-
ner, replacing antibodies with 200 μL of binding buffer. Positive control experiments were car-
ried out in the same manner except 300 μg of parotid saliva protein was replaced with 100 μg
of histatin 5.

Pull-down assay
For pull-down experiments, immunopure immobilized streptavidin beads in 50 μL of 50% aga-
rose slurry (Pierce Biotechnology–Thermo Scientific, Rockford, IL, USA) was incubated with
50 μg biotinylated histatin 5 (200 μL) for 2 h on ice with gentle agitation followed by centrifu-
gation at 1250 × g for 1 min. Next, 300 μg of lyophilized parotid saliva dissolved in pH 7.0
binding buffer was added to the beads and incubated for 4 h at 4°C, with gentle agitation.
Beads containing histatin 5 protein complexes were centrifuged at 1250 × g for 1 min and
washed four times with 250 μL phosphate-buffered saline containing 75 mMNaCl, pH 5.0.
This was followed by adding 200 μL of elution buffer (phosphate-buffered saline containing 75
mMNaCl, pH 2.8) incubated for 10 min and centrifuged at 1250 × g for 1 min. This last step
was repeated five times to release histatin 5 protein complex. The 1 mL eluate sample was dried
in a rotary evaporator (Eppendorf, Waltham, MA, USA), tryptic digested and subjected to MS
analysis. Control experiments were carried out in the same manner excluding biotinylated his-
tatin 5 or 300 μg of parotid saliva.

Histatin 5 Interactome

PLOSONE | DOI:10.1371/journal.pone.0142517 November 6, 2015 3 / 13



SDS-PAGE and In-Gel protein digestion
A total of 10 μg of histatin 5 complex samples was dissolved with 20 μL of sample buffer (0.125
M Tris−HCl, 4% SDS, 2% glycerol, 10% 2-mercaptoethanol). After boiling for 5 min, the sam-
ples were placed directly in one of the 18 wells of a precast 12% SDS-PAGE lane (Bio-Rad, Her-
cules, CA). Gel electrophoresis was carried out to optimize the separation of individual
proteins. During electrophoresis, the voltage was kept constant at 80 V. As a control 10 μg of
histatin 5 and parotid saliva were used and 5 μL of high and lower MW standard (Precision
Plus protein standard, Bio-Rad, Hercules, CA) were directly loaded on the gel. After the gel
staining procedure (Pierce1 Color Silver Stain Kit), gel bands were excised with a razor blade
and subsequently cut in three parts. Excised gel slices were each cut into three approximately 1
mm pieces. Gel pieces were then subjected to a modified in-gel trypsin digestion procedure
[30]. The trypsinization was carried out in 25 mM ammonium bicarbonate solution containing
12.5 ng/μL of modified sequencing-grade trypsin (Promega, Madison, WI). Peptide extraction
was achieved by multiples wash and hydration steps.

In-solution digestion
Eluate samples from both experimental methods were dried in a rotary evaporator, denatured
and reduced for 2 h by the addition of 200 μL of 4 M urea, 10 mM DTT, and 50 mM
NH4HCO3, pH 7.8. After four-fold dilution with 50 mMNH4HCO3, pH 7.8, tryptic digestion
was carried out for 16 h at 37°C, after the addition of 2% w/w sequencing-grade trypsin (Pro-
mega, Madison, WI, USA).

MS analyses
Mass spectrometric analyses were carried out with a LTQ-Velos (Thermo Scientific, San Jose,
CA, USA), which allows in-line LC with the capillary-fused silica C18 column (column length
10 mm, column id 75 μm, 3-μm spherical beads, and 100 Å pore size) linked to a mass spec-
trometer using an ESI in a survey scan in the range of m/z values 390–2000 MS/MS. All sam-
ples either obtained by coimmunoprecipitation or pull-down assay were dried by rotary
evaporator and resuspended in 15 μL of 97.5% H2O/2.4% ACN/0.1% formic acid and then sub-
jected to RP LC-ESI-MS/MS. The nanoflow RP-HPLC was developed with a linear 65-min gra-
dient ranging from 5 to 55% of solvent B (97.5% ACN, 0.1% formic acid) at a flow rate of 300
nL/min with a maximum pressure of 280 bar. Electrospray voltage and the temperature of the
ion-transfer capillary were 1.8 kV and 250°C, respectively. Each survey scan (MS) was followed
by automated sequential selection of seven peptides for CID, with dynamic exclusion of the
previously selected ions. The obtained MS/MS spectra were searched against human protein
databases (Swiss Prot and TrEMBL, Swiss Institute of Bioinformatics, Geneva, Switzerland,
http://ca.expasy.org/sprot/) using SEQUEST algorithm in Proteome Discoverer 1.3 software
(Thermo Scientific). Tryptic and nontryptic peptides were considered. An additional inclusion
criterion for positive identification and characterization of proteins was that the same constitu-
ent was found inboth methods, coimmunoprecipitation and pull-down assay.

Histatin 5 heterotypic complex reconstitution
A total of 40 nmol/mL of synthetic histatin 5, was added to 40 nmol/mL of salivary amylase
(MP Biomedicals, Solon, OH, USA) prepared in 50 mMNaCl, pH 7.0 to mimic the ionic
strength of saliva, and incubated at 37°C for 2 h with gentle agitation. In vitro histatin 5/amy-
lase salivary complex was recovered using a disposable PD-10 desalting Sephadex column (GE

Histatin 5 Interactome

PLOSONE | DOI:10.1371/journal.pone.0142517 November 6, 2015 4 / 13

http://ca.expasy.org/sprot/


Healthcare). After recovery, the salivary complex was electrophoresed under 12% native PAGE
conditions to confirm histatin 5/amylase salivary complex formation.

Hydrolysis of starch by in vitro histatin 5/amylase complex
Amylase activity was determined as described previously [4]. An equivalent of 40 nmol/mL his-
tatin 5/amylase complex was incubated with 1% starch solution in 20 mM phosphate buffer,
pH 7.0, for 5 min at 30°C. The reaction was interrupted by the addition of an alkaline solution
of 1% dinitrosalicylic acid, and the mixture was maintained in boiling water for 5 min. The
mixture was diluted with distilled water and the absorbance at 530 nm was determined with a
microplate reader (Bio-Rad, Inc., USA). Histatin 5 and amylase were also assessed separately.
All experiments were carried out in triplicate.

Fungal-killing assay of in vitro histatin 5/amylase complex
Candida albicans (ATCC 10231) colonies were picked from a Sabouraud Dextrose Agar (SDA;
Difco Laboratories, Detroit, MI, USA) plate (<1 week old) and suspended in 5 mM potassium
phosphate buffer, pH 7.0, to a final OD 620 nm of approximately 0.55. From this suspension,
50 μL was added to 50 μL of a serial dilution series of histatin 5, histatin 5/amylase complex
(see histatin 5 heterotypic complex reconstitution session for details), and amylase in a 96-well
polypropylene microtiter plate followed by serial dilution and incubation again with Candida
albicans. The initial concentration during the dilution series of isolated histatin 5 or complexed
with amylase was 66 μmol/mL. In addition, to mimic the in vivo complex formation, a second
histatin 5/amylase complex was formed in direct contact with C. albicans, using an initial con-
centration of 66 μmol/mL. This experiment mimics the formation of the salivary complex in
the presence of C. albicans. All wells were incubated for 1.5 h at 37°C. Afterwards, 50 μL from
selected wells was diluted in 9 mL PBS, pH 7.0 and a 25 μL aliquot of the diluted suspension
was plated on SDA. After 48 h of incubation at 30°C, cell viability was assessed by colony
counting, using comparisons with the number of cells in a control sample incubated without
the presence of salivary proteins, complexed or not [31]. This experiment was carried out in
triplicate.

Results

Histatin 5 protein partner’s identification
Our first goal was to identify the salivary proteins that complex with histatin 5 and two pro-
tein-protein interaction methods were used. In addition, in-gel and in-solution trypsinization
followed by mass spectrometry protein identification were carried out. The results obtained by
in-gel and in-solution trypsinization are shown in Table 1.

The LC-ESI-MS/MS analysis of those potential histatin 5 protein partners obtained by both
Co-IP and pull-down techniques resulted in the identification of 83 different proteins that
came from the “in-solution” and “in-gel” experiments. However, from the total of 83 proteins
only 52 were present in both methods and were considered real partners from histatin 5. More-
over, those 52 different proteins displayed molecular weights ranging from 6.1 kDa to 3711.4
kDa (Table 1). The identified proteins were also grouped according to their isoelectric points
(Fig 1). Clearly, more than 50% of all these proteins have isoelectric points above 7.2 and there-
fore exhibit a positive charge at a pH ranging between 6.8 to 7.2, the pH conditions that largely
prevail in the oral cavity. Only one-third of the identified histatin 5 protein partners exhibited
acidic characteristics ranging in pI between 5.0 to 6.7 (Fig 1).
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Table 1. In-Solution and In-Gel salivary protein identification when complexed with histatin 5.

Accession Description In-Solution In-Gel calc. pI M.W. (KDa)

Q9HBU2 Lim-homeobox transcription factor LHX3 X 8.94 43.6

Q8TAX7 Mucin-7 X X 8.78 39.1

Q8N355 IGL@ protein X 6.37 24.8

Q8IXZ2 Zinc finger CCCH domain-containing protein 3 X 10.95 101.9

Q6ZUJ8 Phosphoinositide 3-kinase adapter protein 1 X 5.40 90.3

Q6ZSZ6 Teashirt homolog 1 X 7.06 117.8

Q53F69 MUF1 protein variant (Fragment) X 8.22 66.5

Q19KS2 Lactoferrin (Fragment) X X 9.03 39.1

P61626 Lysozyme C X X 9.16 16.5

P23280 Carbonic anhydrase 6 X 7.02 35.3

P20930 Filaggrin X 9.25 434.9

P15516 Histatin-3 X 10.10 6.1

P15515 Histatin-1 X 9.13 7.0

P12273 Prolactin-inducible protein X 8.05 16.6

P08493 Matrix Gla protein X X 9.67 12.3

P04745 Alpha-amylase 1 X X 6.93 57.7

P02812 Basic salivary proline-rich protein 2 (Fragment) X 12.18 37.3

P01876 Ig alpha-1 chain C region X X 6.51 37.6

P00451 Coagulation factor VIII X 7.36 266.8

H7BYZ0 Mucin-5B X 6.80 574.3

H0Y8I1 Probable cation-transporting ATPase 13A2 (Fragment) X 8.60 28.1

H0Y818 DNA mismatch repair protein Mlh1 (Fragment) X 6.13 75.8

F8WBZ4 Unconventional myosin-VIIb X 8.34 107.7

D3DSS6 Dedicator of cytokinesis 5, isoform CRA_a X 7.90 213.9

C6KXN3 Lambda light chain of human immunoglobulin surface antigen-related protein (Fragment) X X 5.54 24.7

C3PTT6 Pancreatic adenocarcinoma upregulated factor X X 7.39 21.6

C0JYZ2 Titin X 6.52 3711.4

B6DP75 Estrogen receptor alpha splice variant (Fragment) X 9.85 4.8

B5MDS5 Adenomatous polyposis coli protein 2 X 9.38 213.7

B4DVE1 Galectin-3-binding protein X 5.47 64.1

B1AME9 Ubiquitin-conjugating enzyme E2, J2 (UBC6 homolog, yeast) (Fragment) X 9.70 32.5

P02808 Statherin X 8.47 7.3

B7Z4X2 Lactoferroxin-C X 7.85 39.1

Q9NPP6 Immunoglobulin heavy chain variant (Fragment) X 6.13 44.8

Q4G0R1 PIBF1 protein X 5.53 83.1

P22079 Lactoperoxidase X 8.62 80.2

Q5DT20 Hornerin X 10.02 282.2

P08123 Collagen alpha-2(I) chain X 8.95 129.2

D6W625 Chromatin assembly factor 1, subunit A (P150), isoform CRA_a X 5.94 106.9

Q4KWH8 1-phosphatidylinositol 4,5-bisphosphate phosphodiesterase eta-1 X 7.74 189.1

H0YG08 Dedicator of cytokinesis protein 4 X 7.91 127.3

Q59EE7 Pro-alpha-1 type V collagen variant (Fragment) X 5.00 178.4

P02788 Lactotransferrin X 8.12 78.1

Q8N5K4 IGHA1 protein X 6.68 53.3

P01877 Ig alpha-2 chain C region X 6.10 36.5

Q8N5F4 IGL@ protein X 5.34 24.9

Q8TDL5 Long palate, lung and nasal epithelium carcinoma-associated protein 1 X 7.23 52.4

(Continued)
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Biological activities of in vitro histatin 5/amylase complex
Among the 52 salivary proteins that complex with histatin 5, salivary amylase was selected to
test the hypothesis that complexed proteins could have their biological role modified. First, his-
tatin 5/amylase complex was subject to a Candida albicans killing assay, since histatin 5 is the
most potent antifungal protein from the histatin family. Isolated histatin 5 and amylase were
also tested in the same experiment. As expected, amylase alone, in the same tested concentra-
tions as histatin 5/amylase complex and histatin 5 alone, showed no antifungal activity (Fig 2,
p>0.05) while histatin 5 showed the higher antifungal activity in all tested concentrations (Fig
2, p<0.05). Moreover, the histatin 5/amylase complex formed in the presence of C. albicans,
which tried to mimic the complex formation in the oral cavity, demonstrated killing activity
similar to that of the histatin 5/amylase complex formed prior to incubation with C. albicans
(Fig 2, p>0.05).

Since amylase was selected to test the hypothesis that complexed proteins could have their
biological role modified, a second functional assay, hydrolysis of starch, related to the biochem-
ical properties of amylase in saliva was also carried out. Amylase activity was measured when

Table 1. (Continued)

Accession Description In-Solution In-Gel calc. pI M.W. (KDa)

F8VV32 Lysozyme C X 9.07 16.5

F5GWP8 Junction plakoglobin X 5.19 66.3

Q9UGM3 Deleted in malignant brain tumors 1 protein X X 5.44 260.7

Q96DR5 BPI fold-containing family A member 2 X 5.59 27.0

H0YMM1 Annexin (Fragment) X 5.91 16.4

Note. Proteins described listed were identified in both, Co-IP and Pull-Down assay methods.

doi:10.1371/journal.pone.0142517.t001

Fig 1. Percentage of histatin 5 protein partners according to Isoelectric Point (pI). The histatin 5 protein
partners were divided according to the pI ranging from 5.0 to 6.7, 6.8 to 7.2 or above 7.2.

doi:10.1371/journal.pone.0142517.g001
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amylase was complexed or not with histatin 5. Our results showed no statistical difference
between histatin 5/amylase complex and amylase alone (p>0.05). As expected, histatin 5 alone
showed negligible starch hydrolysis activity (Fig 3, p<0.05).

Fig 2. C. albicans killing Assay. C. albicans killing activity of histatin 5, amylase, histatin5/amylase complex
prior incubate with C. albicans and histatin 5/amylase incubation with C. albicans. X-axis represents the
concentration of histatin 5 complexed (or not). The complex was made based on 1:1 number of molecules
from histatin 5 and amylase. Bars represent standard deviation of the mean, calculated from three
independent experiments.

doi:10.1371/journal.pone.0142517.g002

Fig 3. Hydrolysis of Starch.Hydrolysis of starch by histatin 5, amylase and histatin 5/amylase complex.
Different lower case letters denote statistical difference according to Tukey’s test. Bars represent standard
deviation of the mean, calculated from three independent experiments.

doi:10.1371/journal.pone.0142517.g003
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Discussion
The histatins are transcription products of two gene loci on chromosome 4 [32]. Histatin 1 is
generated from HIS 1 gene while histatin 5 is a degradation product from histatin 3 that is gen-
erated from the HIS2 gene [33]. It should be noted that histatin 1, a neutral molecule, is a phos-
phorylated protein with 38 amino acids while histatin 5 is not phosphorylated and has only 24
amino acids. It seems that histatin 1 has affinity for anion exchangers due to the strong negative
charge contributed by the serine phosphate at residue 2; in contrast histatin 5 has a net positive
charge of 5, is basic in nature, and is not retained on anion exchangers [32]. In addition, several
short and linear proteins do not have a folded structure in solution but after binding to a spe-
cific receptor on host cells, they may assume a secondary structure [34]. The structural flexibil-
ity of histatins may permit them to maintain an unordered state in the aqueous environment of
the oral cavity, but adopt a helical conformation in a hydrophobic environment. Histatin 5 in a
non-aqueous solvent assumes a largely alpha-helix conformation, but when in water or phos-
phate buffer (pH 7.4) the predominant form is a random coil shape [35]. The postulated in
vivo functions for histatins include modulation of mineral formation (Histatin 1), as well as
potent antifungal activities, where histatin 5 is the strongest one following by histatin 3 and 1,
respectively [13,36]. In addition, our approach to study of a complex is based on future drug
delivery for oral therapeutics, where histatin 5, a degradation product of histatin 3 and a small
protein, could easily be incorporated into a drug delivery system, when compared with more
structured proteins such as histatin 1 (phosphorylated and with 38 aminoacids). It is also
known that even after early degradation, fragments of histatin 5 exhibit considerable antifungal
activity [37,38].

Other groups have studied potential salivary protein–protein interaction [15–19]. For
example, they have shown interaction of mucin 5B (MG1) or mucin 7 (MG2), high- and low-
molecular weight salivary mucins, respectively, with such classical salivary proteins as amylase,
acidic PRP 2, basic PRP 3, statherin, SIgA, lactoferrin, and histatin 1 by using a yeast two-
hybrid system or far-Western blots [4,15–17,19].

Histatin 1 interactome has been recently explored, demonstrating that it is able to interact
with 43 different proteins that influence different biological functions such as immune
response, antimicrobial and metabolic processes, biomineralization and others. Among the 43
identified proteins, just 6 had been reported in previous studies using classical protein-protein
interaction methods [7,39,40] leading to a discovery of 37 new proteins that interact with hista-
tin 1 [4]. In our new exploration, it was possible to identify that histatin 5 may complex 52 dif-
ferent proteins present in saliva (Table 1). It is important to highlight that the total number of
proteins came from the in-solution and in-gel digestion, improving the sensitivity and provid-
ing a more comprehensive identification, since gel digestion alone will not provide all the pro-
teins/peptides from the gel bands [30]. In addition, co-immunoprecipitation was used as a
primary method followed by mass spectrometry to identify putative histatin 5 complexes.
Since it is well recognized that false positives can occur in any protein-protein interaction
methods, pull-down assay was used as a second and validated method to identify proteins that
complex histatin 5. The 52 proteins listed in Table 1 were identified with these two different
methods. When a detailed analysis of the potential biological function of these proteins in the
oral cavity was made based on information from protein annotation databases (e.g. Swissport;
Uniprot), more than 50% of the identified proteins as partners of histatin 5 are proteins related
to the metabolism process. The major source of these metabolic proteins is the host cells from
the oral mucosa. Also significant was the number of antimicrobial proteins (20%) as histatin 5
complex partners. These include lysozyme C, carbonic anhydrase 6, histatin 3 and lactoperoxi-
dase. These findings open avenues for a potential synergism effect on antimicrobial properties
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in the oral cavity. However, studies are required to investigate it further. When we compared
the salivary proteins that complex with histatin 1 [4] with the identified proteins that complex
with histatin 5, a total of 14 proteins were common for both. To our surprise the common pro-
teins binding to histatin 1 and 5 are not the abundant salivary proteins such as alpha-amylase,
mucin 7, mucin 5B, lysozyme C, carbonic anhydrase 6, histatin 3, histatin 1, prolactin-induc-
ible protein, basic salivary proline-rich protein, Ig alpha-1 chain C region, statherin, lactoper-
oxidase, lysozyme C, deleted in malignant brain tumors 1 protein (G340) [41]. It is important
to highlight that even using a Carlson–Crittenden device to avoid the parotid saliva contamina-
tion; The presence of mucin in our experiments could be related to a contamination from oral
mucosa. Previous studies have reported that MUC7 and MUC5B are strongly retained on buc-
cal cells thereby showing its crucial role in pellicle formation on soft oral tissues [42–44]. Pro-
tein-protein interaction is a common fact that occurs both within tissues and cells and in some
body fluids, such as saliva [18,19]. In our study, despite the identification of these new proteins
that complex with histatin 5, a limitation of the study is identification of the site for the com-
plex formation (i.e. inside the salivary glands or in the oral cavity). Nevertheless, we can specu-
late that these salivary complexes are formed inside the salivary glands and also in the oral
cavity. Our hypothesis here is based on the dynamic process of saliva output. In our experi-
mental approaches, both pull-down and co-IP, the complexes were formed when the bait pro-
tein (histatin 5) was first linked to the antibody (co-IP experiment) or to the streptavidin-
biotin (pull-down). Thus, all potential complexes formed inside the parotid gland were not
analysed in this study.

A major unresolved question in oral biology is the discrepancy between the presence of sali-
vary proteins in glandular secretions (salivary gland) and the absence of most of these proteins
in their intact form from freshly collected whole saliva [45]. For example, histatins form a
major portion of the glandular proteins but they disappear rapidly as soon as they are mixed
with whole saliva [45]. Consequently, some of the biological properties linked to these proteins
also disappear [45]. Logically, proteolysis has been the major focus of investigations aimed at
explaining these differences [45]. On the other hand, although histatins are highly susceptible
to proteolysis, we have observed that histatin 1 remains intact in the whole saliva environment
when combined with other salivary proteins, and retains its partial antimicrobial activity [4].
In addition, we have shown that binding to tooth enamel (hydroxyapatite) confers intact hista-
tin 1 with resistance to proteolytic degradation, increasing their lifespan in the oral cavity [46].
The discovery of these two physiological protective approaches for susceptible salivary proteins
can guide the development of external mechanisms that can achieve delivery to the target tissue
(tooth enamel and/or oral biofilm) with significant increase of the lifetime of these proteins.
Thus, the investigation of biological functions of these complexes is extremely relevant to the
area of biotechnology applied to the oral cavity. The interaction between proteins can modulate
or alter (increase or diminish) their functions in saliva. Herein, we have observed that when
histatin 5 is complexed with amylase (prior to or in the presence of C. albicans) its antifungal
effect is significantly diminished when compared with histatin 5 alone. These data suggest a
real antimicrobial effect for histatin 5 in the oral cavity, meaning that histatin 5 is an important
antifungal salivary protein but due to the complex formation with other salivary proteins, there
is a diminished antifungal effect. In spite of this limited antifungal effect, for therapeutic appli-
cations and/or a drug delivery system, it is common to use concentrations well above the physi-
ological range (50–100 fold higher) to reach the same biological activity as the protein alone.
On the other hand, amylase enzyme activity related to hydrolysis of starch was not significant
different when amylase was complexed with histatin 5. Again, we can speculate that these
observations could be related to the molecular structure of the salivary proteins tested where
amylase (60 kD) is significantly larger compared with histatin 5 (3 kD). Atomic scale molecular
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dynamics simulations can be used to explore the binding amino acid chain position between
histatin 5 and amylase which in vitro promotes a modulation of the antifungal activity of hista-
tin 5 (Fig 2) but did not alter amylase enzyme activity (Fig 3).

In summary, despite the limitations of our in vitro experiment, the described approach
mimics the real situation for the salivary proteins in the oral cavity. Our results provide a basis
for future studies on the mechanism and functional significance of those salivary protein inter-
actions which can lead to the development of an external protein delivery system; one that can
reach the target tissue (tooth enamel and/or oral biofilm) with significant increase of the pro-
tein resistance to proteolytic degradation and maintenance of biological function.
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Currently 75–88% of fungal infections are caused by Candida species, and Candida 
albicans is the main microorganism that causes these infections, especially oral candidiasis. 
An option for treatment involves the use of the antifungal peptide Histatin 5 (Hst 5), which 
is naturally found in human saliva but undergoes rapid degradation when present in the 
oral cavity, its site of action. For this reason, it is important to develop a way of applying 
this peptide to the oral lesions, which promotes the gradual release of the peptide. In the 
present study, we  have evaluated the development of liposomes of different lipid 
compositions, loaded with the peptide as a way to promote its release slowly and gradually, 
preserving its antifungal potential. For this, the peptide 0WHistatin 5, an analog of the 
peptide Hst 5, was synthesized, which contains the amino acid tryptophan in its sequence. 
The solid phase synthesis method was used, followed by cleavage and purification. The 
liposomes were produced by thin film hydration technique in three different lipid 
compositions, F1, F2, and F3 and were submitted to an extrusion and sonication process 
to standardize the size and study the best technique for their production. The liposomes 
were characterized by dynamic light scattering, and tests were performed to determine 
the encapsulation efficiency, release kinetics, stability, and evaluation of antifungal activity. 
The extruded liposomes presented average size in the range of 100 nm, while sonicated 
liposomes presented a smaller size in the range of 80 nm. The encapsulation efficiency 
was higher for the sonicated liposomes, being 34.5% for F1. The sonicated F3 presented 
better stability when stored for 60 days at 4°C. The liposomes showed the ability to release 
the peptide for the total time of 96 h, with the first peak after 5 h, and a further increase 
of the released after 30 h. Time-kill assay showed that the liposomes were able to control 
yeast growth for 72 h. The data suggest that the liposomes loaded with 0WHistatin 5 
maintained the action of the peptide and were able to limit the growth of C. albicans, 
being a suitable system for use in the treatment of oral candidiasis.

Keywords: antifungal system, oral candidiasis, Candida albicans, Histatin 5, liposomes
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INTRODUCTION

In recent decades, there has been an increase in mortality 
caused by fungal infections which have gone from isolated 
and rare cases to one of the greatest global public health 
problems especially among immunocompromised individuals 
(Robbins et al., 2016). This fact is related to medical interventions 
such as chemotherapy for cancer treatment, immunosuppression 
for transplantation, and the high prevalence of HIV infections 
(Berkow and Lockhart, 2017). This has allowed the appearance 
of prevalent fungal infections among which the main pathogens 
are Candida albicans, Cryptococcus neoformans, and Aspergillus 
fumigatus (Robbins et  al., 2016). These pathogens cause the 
death of more than 1 million people annually in the world 
with 75–88% of fungal infections being caused by Candida 
species, which generated a cost of $ 1.7 billion for public 
health in the US and the increase of severe cases of hospital 
infections (Berkow and Lockhart, 2017).

C. albicans exists as a commensal microorganism of the 
skin, mouth, and gastrointestinal tract. Its spread is controlled 
by coexistence with the normal human microbiota and also 
by the processes of defense related to immune system. However, 
when there is suppression of the immune response against 
C. albicans, colonization of the tissue occurs establishing the 
infection, more commonly manifested as candidiasis and 
oropharyngeal candidiasis (Robbins et  al., 2016).

Because it is a polymorphic microorganism, C. albicans is 
able to transition between the yeast and hypha lifestyles. The 
hypha has greater resistance and greater invasive capacity in 
tissues compared to the yeast. For this reason, this species 
demonstrates resistance to the most common antifungals, such 
as polyenes (nystatin and amphotericin B) or azoles (itraconazole, 
miconazole, and fluconazole) (Hawser and Douglas, 1995).

An alternative treatment is the use of fluconazole and 
amphotericin B, which are more effective but have higher levels 
of toxicity and should not be  used in constant or routine 
doses (Johnson et  al., 1995; Cannon et  al., 2007). For this 
reason, the search for new treatment options and new drugs 
are constantly developing mainly in the biotechnology field. 
An example of this is the biologically active peptides naturally 
found in living organisms such as the antimicrobial peptides 
(AMPs) of Histatin class.

One of these AMPs, that is, the focus of this data is Histatin 5 
(Hst 5), one of the peptides of the Histatin class naturally 
present in human saliva and potentially active against pathogenic 
yeast such as C. albicans (Helmerhorst et  al., 1999; Baev et  al., 
2002). Hst 5 is a peptide of about 3  kDa composed of a 
linear sequence of 24 amino acid residues, has a positive charge 
at physiological pH, assumes α-helix structure in DMSO 
(dimethylsulfoxide) and TFE (trifluorethanol)/water, and in 
water preferably takes on a random structure (Seo et al., 2012).

Recent studies have demonstrated that Hst 5 is able to 
inhibit C. albicans growth in concentrations ranging from 25 
to 800  μg  ml−1 (Moffa et  al., 2015b) with MIC of 25  μg  ml−1 
(Konopka et  al., 2010). Another feature of this peptide is its 
ability to protect the oral epithelium from C. albicans infection, 
proven in in vitro studies with gingival fibroblast cells, in which 

at a concentration of 50  μg  ml−1, there was no invasion of 
the cells by the microorganism (Moffa et  al., 2015b).

However, we  have reported that Hst 5 undergoes rapid 
degradation, and the proteolysis has been the major focus 
aimed at explaining that degradation causes the reduction or 
even loss of its antifungal activity (Moffa et al., 2015a). Another 
problem observed was that Hst 5 can interact with other 
proteins present in saliva, such as amylase, resulting in a 
complex free of antifungal activity (Moffa et  al., 2015a).

One way to overcome this problem would be  the use of 
nanocarriers, such as liposomes, that can incorporate the peptide 
and increase its availability at the site of action. Liposomes 
have been used in therapeutics for more than 40 years, presenting 
many advantages, including biocompatibility, because they are 
constituted by phospholipids, such as the biological membranes 
of the cells (Chorilli et  al., 2013).

The liposome advantage is related to a longer duration of 
the therapeutic effect of the drug (De Araújo et  al., 2003), 
prolonging its action and allowing larger doses to be administered 
without the risks of toxicity (Frézard et  al., 2005). Thus, there 
are a lower number of drug administrations throughout the 
treatment, as demonstrated by studies with liposome-encapsulated 
LL-37 peptide which showed improved bioactivity and reduced 
toxicity for treatment of HSV-1. The studies carried out indicated 
the LL-37 liposomal formulation as an effective system for 
carrying and delivering the peptide to the action target 
(Ron-Doitch et  al., 2016).

Liposomes are also effective in promoting protection against 
external degradation by enzymes or by proteolytic degradation 
(Voltan et  al., 2016). For this reason, they are used for 
encapsulation of peptides and proteins. Liposomes encapsulated 
with peptide ghrelin, used to treat cachexia, characterized as 
extreme weakness in patients afflicted with chronic diseases, 
showed that liposomes were able to protect the peptide from 
the attack of trypsin and carboxylesterase enzymes by 20 and 
81%, respectively (Salade et  al., 2017).

Thus, these positive aspects about the use of liposomes 
motivated us to elaborate a system to apply Histatin 5, with 
the main interest in increasing peptide availability at the site 
of action, causing its fungicidal effect to be  preserved and 
intensified over a longer period, thus optimizing treatment 
against C. albicans.

MATERIALS AND METHODS

Chemicals and Microorganisms
Reagents N-α-fluorenylmethyloxycarbonyl-amino acids (Fmoc-
amino acid) and Fmoc-tyr-wang resin were purchased from 
Novabiochem®. N-hydroxybenzotriazole (HOBt), N,N′-
diisopropylcarbodiimide (DIC), dichloromethane (DCM), 
dimethylformamide (DMF), and trifluoroacetic acid (TFA) were 
purchased from Fluka®. Ethanedithiol (EDT), glacial acetic 
acid, dimethylformamide (DMF), dimethyl sulfoxide (DMSO), 
chloroform, and grade HPLC acetonitrile (ACN) were purchased 
from Merck®. The microorganism C. albicans (ATCC 90028) 
was donated by the National Institute of Quality Control in 
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Health (INCQS – Fundação Oswaldo Cruz Brazil). All lipids 
were purchased from Sigma®.

Peptide Synthesis
The peptide was synthesized manually according to the Fmoc 
chemistry (Merrifield, 1963). In each synthetic cycle, the 
deprotection of the α-amino group deprotection was performed 
with 20% piperidine in DMF for 20  min. The coupling 
reactions were performed with a threefold excess of DIC 
component and HoBt in DMF/DCM (1:1, v:v). After 
approximately 2  h of coupling, the ninhydrin test was 
performed to confirm the occurrence of the reaction. Final 
cleavage of the peptide from the resins and the deprotection 
of the side-chain protector groups were done by treatment 
with a solution containing TFA (94.5%), deionized water 
(2.5%), EDT (2.5%), and TIS (0.5%) at 25°C for 3  h. After 
the cleavage procedure, the crude peptides were precipitated 
with ethyl ether, separated from the soluble non-peptidic 
contents by centrifugation, extracted into 10% acetic acid 
in water and lyophilized.

The analog peptide 0WHistatin 5 (0WHst 5) was synthesized 
with the addition of the amino acid tryptophan (W) in amino 
terminal extremity, as can be  seen in Table 1. Because it is 
a fluorescent amino acid, with excitation at the wavelength of 
280  nm and emission of fluorescence at the wavelength of 
360  nm, its addition allowed its monitoring by fluorescence 
technique, with greater sensitivity as can be  seen in the 
following sections.

The purification process of the crude peptides was performed 
in semi-preparative HPLC with a Zorbax Eclipse XDB C18 
reverse phase column (9.4 mm  ×  250  mm and 5  μm). The 
qualitative analysis was performed analytically using a Shimadzu 
LC-10A/C-47A separation system coupled to a Shimadzu 
LC-10A/C-47A UV/Vis detector with a Waters Symmetry 
C18 column (2.1 mm  ×  150  mm and 5  μm). The 
chromatographic conditions in the semi-preparative mode 
were: solvents A (0.045% TFA.H2O) and B (0.036% TFA.
ACN), gradient of 0.33%/min solvent B over 90  min, flow 
rate of 5  ml/min, and detection wavelength at 220  nm. For 
the analytical mode, the conditions were: solvents A (0.045% 
TFA.H2O) and B (0.036% TFA.ACN), gradient from 5 to 
95% solvent B in 30  min, flow rate of 0.6  ml/min, and 
detection wavelength at 220  nm. After the purification 
procedure of the peptide, the molecule characterization was 
done using mass spectrometry. The analysis of pure peptides 
was performed by HPLC coupled to mass spectrometer 
operated in electrospray positive mode (LC/ESI-MS+) in a 

Bruker® type Ion Trap Amazon SL mass spectrometer. This 
procedure allowed to determine the quality and identity of 
the sample simultaneously.

Preparation of Liposomes
Three different liposome formulations were produced by the 
thin film hydration technique. The lipid film was composed 
of soy dipalmitoyl phosphatidylcholine (DPPC), cholesterol 
(Chol), polyethylene glycol (PEG), and 1-palmitoyl-2-oleoyl-
sn-glycero-3-phospho-rac-1-glycerol (POPG). The lipid mixtures 
were dissolved in chloroform and then were evaporated under 
nitrogen flow, to form a thin lipid film in tube wall. For 
resuspension of the lipid film, solutions with or without the 
peptides solubilized in a 10  mM Tris HCl buffer, pH 7.4, was 
used. A suspension of large multilamellar vesicles (MLV’s) was 
obtained and submitted to two different techniques for 
homogenization: extrusion, using Avanti Polar Lipids® extruder 
equipped with Nuclepore® polycarbonate membrane, GE 
Healthcare Life Science, with pores of 100 nm, and sonication, 
using titanium tip sonicator (QSonica® Q700).

Physical Characterization of Liposomes
Determination of the Mean Hydrodynamic 
Diameter, Polydispersity Index, and Zeta Potential
The mean hydrodynamic diameter (Z-Ave or d.nm) and 
polydispersity index (PDI) were determined by dynamic light 
scattering (DLS, Zetasizer Nano NS, Malvern Instruments®, 
Malvern, UK). The zeta potential (ZP) of the liposomes was 
evaluated by the electrophoretic mobility of the particles according 
to the Helmholtz-Smoluchowski equation and processed using 
the Zetasizer Nano NS equipment software (Malvern 
Instruments). The suspensions of empty and loaded liposomes 
were diluted in 10  mM Tris HCl buffer, pH 7.4, in a 1:10 
ratio. All experiments were run in triplicate at 25°C.

Encapsulation Efficiency
The unencapsulated peptide separation was performed by 
molecular exclusion chromatography technique, using a 
Sephadex® G-50 column, with 10 mM Tris HCl buffer, 150 mM 
NaCl, pH 7.4.

The fractions with liposomes were frozen in liquid nitrogen 
and lyophilized for 48  h. Then 3  ml of methanol were added 
to the samples, an aliquot of this solution was diluted in 
methanol and analyzed in spectrofluorometer to quantify the 
encapsulated peptide. Once the encapsulated peptide 
concentration was determined, the encapsulation efficiency, EE, 
was calculated using Equation 1.

 EE
Encapsulated peptide

Total added peptide
%( ) = ´100  (1)

Formulation Stability
The produced formulations, F1, F2, and F3, were stored at 
8°C and at 37°C. The mean size, polydispersity index, and 
zeta potential were analyzed after 1, 5, 10, 15, 30, 45, and 
60  days of storage.

TABLE 1 | Amino acid sequence of Histatin 5 and the synthesized 0WHistatin 5 
analog peptide.

Peptide Amino acid sequence

Histatin 5 D S H A K R H H G Y K R K F H E K H 
H S H R G Y

0WHistatin 5 W D S H A K R H H G Y K R K F H E K 
H H S H R G Y
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In vitro Release Study
The release kinetics of the encapsulated peptide was performed 
using the fluorescence technique, since the inserted tryptophan 
(W) provides fluorescence to the molecule. Spectrofluorometer 
Varian® CaryEclipse coupled to a circulation system of the 
solution 10  mM Tris HCl, pH 7.4, was used. About 1  ml 
of the solution of liposome and 0WHst 5 was added to a 
cellulose acetate dialysis membrane (Sigma-Aldrich® cut-off 
14,000  kDa).

The peptide that permeated the dialysis tube and exited 
into the buffer solution was monitored by the Kinetics Varian® 
CaryEclipse software, with maximum fluorescence emission at 
360  nm for 96  h. The maximum fluorescence was plotted 
against the time and, by the use of the standard curve, the 
total peptide released by the system was evaluated by the plot 
of the maximum released concentration against the time.

Time-Kill Curve Studies
For the preparation of the standardized suspensions of C. albicans 
(ATCC 90028), an inoculum size of 1.105  CFU  ml−1 was used. 
Nine milliliters of Sabouraud Dextrose Broth (SDB) prepared 
with the microorganism were added in an Erlenmeyer for the 
growth control, 512  μg  ml−1 of fluconazole was used for the 
positive control (cell death) and for testing the systems produced 
1  ml of the liposomal system encapsulated or not with 0WHst 
5 was added. The Erlenmeyers were then incubated at 37°C, 
under constant stirring, and aliquots of 100 μl were withdrawn 
and serially diluted every 3  h for 12  h. After this period, the 
aliquots were withdrawn and serial diluted every 12  h for 
60  h. About 100  μl of each dilution were transferred to a 
plate with SDA and incubated for 48  h. The colonies in each 
plate were then counted.

Statistical Analysis
t-Student test was used to verify the statistical difference between 
the last points of the time kill test curves. The level of significance 
was 90%. The growth control and fluconazole curves were 
performed in duplicate.

RESULTS AND DISCUSSION

Preparation of Liposomes
In this work, three liposomal formulations were used according 
to the amounts shown in Table 2. The amounts are represented 
in mass. The peptide used was successfully obtained with high 
purity (>95%) and loaded into the liposomes as described in 
the methodology section.

To determine the amount of extrusion cycles and sonication 
time required for the formation of the liposomes, periodic 
measurements were made in a spectrophotometer (Chorilli 
et  al., 2013). The results shown in Figure 1 indicates that 
there is a decrease in absorbance at 410  nm as a function of 
sonication time and amount of extrusion cycles, respectively, 
for all formulations developed.

All the formulations produced required 15 extrusion cycles 
to be  formed, thus, the addition of PEG in F2 and POPG in 
F3 did not promote differences in the number of extrusion 
cycles observed for F1 which does not have any of these 
components. When PEG and POPG were added to the 
formulation of these liposomes, the main objective was to 
promote better features like fluidity and stability to vesicles. 
For the sonication technique, monitoring was performed after 
every 2  min, as seen in Figure 1B, and the stabilization of 
the absorbance values was achieved in the time of 4  min for 
all formulations. As in the extrusion, the addition of PEG 
and POPG in F2 and F3 did not affect the minimum time 
of 2  min of sonication observed for formulation F1 that does 
not contain these components.

Physical Characterization of Liposomal 
Formulation
The mean size, zeta potential, and polydispersity index (PDI) 
for empty and loaded liposomes with 0WHst 5, can be  seen 
in Tables 3 and 4.

The mean size of the empty and sonicated liposomes was 
lower than for the empty liposomes obtained by extrusion. This 
can be observed by comparing the sizes for the empty liposomes 
obtained by extrusion and sonication seen in Tables  3 and 4.

This fact is related to the technique of obtaining the liposomes. 
The 100 nm pores of the polycarbonate membrane used in the 
extruder, ensures final sizes closer to 100  nm. In sonication, 
there is no way to control or predict the final mean size 
of the liposomes, which may vary as the amplitude, sonication 
time, and potency of the equipment change.

There was an increase in the mean size of loaded liposomes 
when compared to empty liposomes and this was observed 
for all formulations obtained by both techniques. According 
to Table 3, the empty F2 size was 97.2  nm, and after the 
addition of 0WHst 5, it had a size of 119.2  nm. For sonicated 
F3, the mean size before loading of the peptide was 82.2  nm, 
rising to 133.6  nm with 0WHst 5. The same can be  observed 
sonicated F1, which after addition of 0WHst 5 presented a 
144.3 nm, against 88.1 nm when empty. We observed an increase 
in size for liposomes after peptides had been encapsulated, 
and this indicates that 0WHst 5 was incorporated into the 
liposomes, probably in the inner aqueous compartment because 
it is a water-soluble molecule (Nii and Ishii, 2005; Mohan et al., 
2016). These data are interesting from the point of view of 
the intended application, which aims to stabilize the peptide 
and promote a better availability of it at the site of action.

The zeta potential of the produced liposomes is negative 
for all formulations prepared. The zeta potential value became 
less negative for all sonicated formulations after incorporation 
of the peptide. 0WHst 5 is a positively charged peptide  

TABLE 2 | Lipid composition of the liposomes.

Formulation DPPC Chol PEG POPG

F1 40 2 – –
F2 40 2 1 –
F3 40 2 – 1
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(net charge at pH 7: +5.7) that interferes with the final 
charge of the liposomes, making them less negative. The 
POPG lipid used in the F3 formulation is anionic and confers 
a greater amount of negative charges to the external lipid 
bilayer which may be  less influenced by the positive charge 
of 0WHst 5. The standard zeta potential value used for this 
is ±30  mV (Ebrahimi et  al., 2015; Berbel Manaia et  al., 
2017; Sato et  al., 2017). The sonicated and extruded 
encapsulated F1, F2, and F3 formulations have zeta potential 
in the range of −30 to −50 mV, indicating that all formulations 
are stable.

PDI values in the range of 0.07 to 0.09 were found for all 
extruded formulations containing 0WHst 5, as can be  seen in 
Table 3. Thus, it can be  stated that there is a monodispersion. 
For sonication, PDI values of 0.371, 0.382, and 0.287 were 
found for empty F1, F2, and F3, respectively, indicating 
homogeneity of the analyzed sample. However, there are vesicles 
in other size ranges, characterizing a polydispersity.

The PDI values fell to 0.255, 0.124, and 0.241, respectively, 
when 0WHst 5 was loaded into the liposomes prepared by 
sonication. Addition of the peptide to the formulations made 
them more homogeneous. The same effect was also observed 
for the liposomes obtained by extrusion, with 0.128 of PDI 
for empty and 0.081 for loaded F1 formulation.

Encapsulation Efficiency
The encapsulation efficiency (EE) for the 0WHst 5 is below 
40%, as seen in Table 5. Addition of cholesterol to all 
formulations may have hindered encapsulation. This component 
prevents the phase transition of the lipid bilayers and always 
maintains them in a state of intermediate fluidity, tending to 
be  more rigid, which hinders the incorporation of molecules 
(Roy et  al., 2016).

However, EE was higher for formulations produced by 
sonication, with the highest value of 34.5% for F1. This 
formulation also showed the highest efficiency among the 
formulations obtained by extrusion, with a value of 17.7%. F1 
is composed of DPPC and cholesterol, DPPC has Tm (phase 
transition temperature) of 42°C, with a room temperature of 
25°C bilayer is in its gel phase and rigid. Even so, it is the 
formulation that incorporated the largest amount of the peptide 
for the two techniques used.

The absence of other components contributed to the 
incorporation of the peptide according to this methodology. 
The presence of PEG in F2 and POPG in F3 made it difficult 
to incorporate 0WHst 5 into the liposomes. The encapsulation 
efficiency for F3 was little higher when compared to F2. The 
presence of POPG in this formulation aims to favor the 
crystalline liquid phase of the bilayer and grant more fluidity, 
since this lipid has Tm of −2°C, contributing the incorporation 
of the peptide. The lower EE was for F2, which has PEG in 
its composition. However, the presence of this component 
increases the physical-chemical stability of the liposomes, as 
will be  seen in the following results. The increase in stability 

A B

FIGURE 1 | Effect of the amount of extrusion cycles on different liposome compositions (A) and effect of sonication time on different liposome compositions (B).

TABLE 4 | Size, PDI, and zeta potential for empty and loaded F1, F2, and F3 
liposomes, obtained by sonication.

Formulation Size (nm) PDI Zeta potential 
(mV)

F1 88.1 ± 8.03 0.371 ± 0.01 −51.4 ± 8.94
F1/0WHst 5 144.3 ± 0.35 0.255 ± 0.01 −48.6 ± 0.21
F2 96.4 ± 10.41 0.382 ± 0.05 −56.4 ± 2.28
F2/0WHst 5 147.4 ± 1.45 0.124 ± 0.09 −51.5 ± 1.79
F3 82.2 ± 4.77 0.287 ± 0.02 −56.5 ± 3.78
F3/0WHst 5 133.6 ± 0.82 0.241 ± 0.01 −52.3 ± 8.17

TABLE 3 | Size, PDI, and zeta potential for empty and loaded F1, F2, and F3 
liposomes, obtained by extrusion.

Formulation Size (nm) PDI Zeta potential 
(mV)

F1 106.1 ± 1.70 0.128 ± 0.06 −49.8 ± 1.17
F1/0WHst 5 116.6 ± 0.30 0.081 ± 0.10 −43.0 ± 0.50
F2 97.1 ± 1.77 0.099 ± 0.04 −38.5 ± 2.29
F2/0WHst 5 119.2 ± 0.80 0.087 ± 0.08 −42.2 ± 0.90
F3 105.1 ± 0.70 0.113 ± 0.06 −42.7 ± 1.89
F3/0WHst 5 112.6 ± 0.50 0.068 ± 0.08 −47.4 ± 0.50

TABLE 5 | Efficiency of encapsulation for the formulations F1, F2, and F3.

Formulation Extrusion (%) Sonication (%)

F1 17.7 34.5
F2 9.5 12.2
F3 12.7 14.2
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A

B

FIGURE 2 | Mean size and polydispersity index (PDI) for F1, F2, and F3 obtained by sonication stored at 4°C (A) and at 37°C (B).

prolongs their presence in the human organism, by decreasing 
the uptake of the vesicles by the cells of the immune system 
and favors adherence in mucous membranes (Ron-Doitch et al., 
2016; Jøraholmen et  al., 2017), which may be  a desirable 
characteristic for the intended application.

Stability Studies
According to Figure 2A, there were slight changes in average 
size and PDI for the sonicated F1 stored at 4°C. For this 
reason, sonication produced liposomes with better stability than 
the extrusion, maintaining the formulation stable during 60 days 
at 4°C. Storage at 37°C was more damaging to all formulations, 
providing many variations on mean size and PDI over time, 
which was also observed by Çelik et  al. (2017).

The temperature of 4°C favors the storage of liposomes 
obtained by both techniques. It can be  observed that for F2 
(Figures 2A,B) up to 30  days, the average size and PDI did 
not show great variations, and after 45  days, a small variation 

of average size, from approximately 160 to 130 nm for sonication 
and from 160 to 110  nm for extrusion, with increase of PDI. 
Sonicated F1 and F2 presented better parameters and better 
stability when stored at 4°C. F2 has PEG in its composition, 
which according to some studies favors the maintenance of 
vesicle stability as also observed by Rai et  al. (2008). Even 
though it does not favor encapsulation efficiency, as discussed 
previously, this component helps to maintain the stability of 
the formulation, which remains intact for longer when stored 
at 4°C.

Sonicated F3 is the most stable formulation compared to 
F1 and F2, according to the graphs of Figures 2A and 3A.

In general, the best storage temperature is 4°C for all 
formulations. The technique that presents better stability is 
sonication. The lipids used in the liposomes may influence 
the stability, since the best stability was for F3, which has 
POPG in its composition. This component provides a more 
fluidity to the lipid bilayer, which can generate better adaptation 
throughout the storage period. POPG also confers a greater 
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amount of negative charges to the bilayer, which difficult the 
aggregation of the liposomes. F2, which contains PEG, also 
showed better stability than F1, which has only DPPC and 
cholesterol. The addition of different lipids to the liposomes 
has made peptide encapsulation more difficult as previously 
seen, but may improve stability, as seen in these results.

In vitro Release Study
Graph A of Figure 4 represents the crossing of the unencapsulated 
peptide over the dialysis membrane. This test was performed 
as a control for the release experiments of the developed 
liposomal system. Thus, it was possible to know the time 
required for the non-encapsulated peptide to leave the dialysis 
membrane, once the peptide encapsulated in the liposomes 
would only come out after its rupture, which would take a 
longer time. The total crossing over of the unencapsulated 
peptide occurs after 5  h. For F1, F2, and F3 (Figures 4B–D), 
a 5-h time release peak is observed, similar to the unencapsulated 
peptide release profile.

The release profile indicates the occurrence of burst effect, 
which is characterized by the large amount of drug that is 
released in the first 24  h (Huang and Brazel, 2001). This effect 
is advantageous since the release of a large amount of 0WHst 
5  in a short period of time can be  used as the dose of attack 
to inhibit the growth of microorganisms moments after its 
application at the site of action. Because it is a release system 
that is intended for topical application for the treatment of 
oral lesions caused by C. albicans, a rapid release directly at 
the site of action would rapidly inhibit the proliferation of 
the microorganism (Huang and Brazel, 2001).

For all formulations, the profiles observed for extrusion and 
sonication were similar, and the use of distinct techniques for 
the production of liposomes does not interfere with their release 
kinetics. The burst effect observed in the first 5  h indicates that 
the released content is not encapsulated in the liposomes, or 
that it may be  interacting with its outer surface, as also observed 
by Calienni et  al. (2017). Thus, the release process for these 
liposomes occurs in two steps, initially there is a rapid release, 

A

B

FIGURE 3 | Mean size and polydispersity index (PDI) for F1, F2, and F3 obtained by extrusion stored at 4°C (A) and at 37°C (B).
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A B

C D

FIGURE 4 | Release profile for: free 0WHistatin 5 (A); F1 (B); F2 (C); and F3 (D), loaded with 0WHistatin 5.

followed by a drop indicating the dialysis system’s equilibrium 
due to osmotic forces. In a second moment, release of the 
remaining amount of the peptide occurs slowly for 80  h. The 
slow release step is related to disruption of the liposomes, which 
thereby releases the peptide contained therein (Lopes et al., 2012).

The release kinetics for nanocarriers is related to their 
encapsulation efficiency (EE) and stability. A higher EE will 
certainly result in a higher release peak, especially if burst 
effect occurs (Luan et al., 2006). Thus, in general, the formulations 
obtained by sonication, which have higher EE, also show greater 
increase in their second moment in the release profile.

Killing Curve Studies
The experimental points shown in the graphs were calculated 
according to Equation 2, where F is the dilution factor, C is 
the colony forming unit count, and V is the volume of the 
portion used in the final dilution. The uncertainty of each 
experimental point was calculated from the standard uncertainty 
values and expanded uncertainty according to Corry et  al. 
(2007) and Niemi and Niemelä (2001). The error bars do not 
appear in the graphs presented, since the expanded uncertainties 
presented results of one to two orders of magnitude lower 
than the experimental values.

  y UFC ml F
C

V
/( ) = ·       (2)

ATCC 90028 was used in this test because it is considered 
a standard strain for screening tests for new antifungal agents. 
Besides, this study is based on the proposal of developing a 
liposomal system capable of prolonging the release of the anti-
fungal peptide Histatin 5. The idea emerged from two studies 
of our research group involving this peptide for the treatment 
and prevention of oral candidiasis, mainly caused by C. albicans 
(Moffa et  al., 2015a,b).

Previously, MIC assay was performed, and the values found 
for this strain were 128 μg ml−1 for fluconazole and 257.8 μg ml−1 
for Histatin 5, as well as for the analog peptide 0WHistatin 5. 
The concentration of 512  μg  ml−1 for fluconazole in the time 
kill assay represents four times the MIC value, since the intention 
was to visualize the cell death caused by the drug, which was 
used as a positive control. For the peptide, the MIC value 
was used since it was also the value used to prepare the 
liposomes and perform the encapsulation efficiency tests.

MIC assay was performed following the M27-A3 methodology 
of the Clinical and Laboratory Standards Institute Manual with 
the peptides 0WHistatin 5 and Histatin 5 using SB medium. 
This medium was chosen to provide enough nutrients to the 
microorganism during the 72  h of the time kill assay. It was 
necessary that there was enough amount of nutrients in the 
medium to promote the microorganism growth for the total 
time, because the developed system showed release for more 
than 60 h. Therefore, the observed death effect would be caused 
by the action of the peptide 0WHistatin 5 and not due to 
lack of nutrients.

The obtained result is consistent with the literature, and 
the MIC value for Histatin 5 and 0WHistatin 5 was 64.45 μg ml−1. 
Thus, the use of the SB medium did not interfere with the 
antifungal activity of the peptide and indicated that it can 
be  used to perform time kill assays.

To determine MIC for the liposomal preparations is not 
possible, because the encapsulated peptide is in the liposome 
internal aqueous compartment, and, when serial dilutions are 
made, only the number of liposomes present in solution is 
diluted, while their internal concentration is not.

The internal concentration was determined by calculating 
the encapsulation efficiency. Therefore, performing a serial 
dilution test, such as the MIC, would not give us an enlightening 
result regarding the concentration of liposomal system to 
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be  used. Thus, it was determined 1  ml of liposomal system 
for use in the tests to make it possible to apply the value 
obtained in the encapsulation efficiency tests to estimate the 
concentration of the encapsulated peptide.

Data of the time-kill assay (Figure 5) show that for 12  h 
the peptide inhibited the growth of the microorganism the 
same way that fluconazole. A dose of 257.8  μg  ml−1 of 0WHst 
5 and a dose of 512  μg  ml−1 of fluconazole were used, 
demonstrating that 0WHst 5  in a lower dosage is capable of 
performing the same inhibition. This result is in agreement 
with Moffa et  al. (2015b), which found inhibition in the range 
of 800–25  μg ml−1 for Hst 5. When incubating the peptide 
with C. albicans for only 1.5  h, Moffa et  al. (2015b) obtained 
an approximate 2-log reduction in the CFU ml−1. As shown 
in the graph of Figure 5, after 12  h at 4-log reduction in 
CFU ml−1 was observed.

The t-student test showed that the means of the last point 
of the growth control curve and the last point of the curves 
F1  +  0WHistatin 5, F2  +  0WHistatin 5, F3  +  0WHistatin 5, 
and 0WHistatin 5 were statistically different, at the level of 
significance of 90%. This occurred for the systems produced 
by extrusion and sonication and showed that the produced 
liposomal system was effective in controlling the growth of 
C. albicans. This demonstrates that with prolonged treatment 
with 0WHst 5, it is possible to further reduce the growth of 
the microorganism.

However, Moffa et al. (2015a) proves that Hst 5 undergoes 
proteolytic action when present in human saliva, in addition 
to complexing with the enzyme salivary amylase, which leads 
to a decrease in the antifungal action of the peptide. These 
two effects occur rapidly as soon as the peptide is mixed 
with the total human saliva content. Encapsulating this 
peptide in liposomes is an attempt to protect it from these 
actions, allowing it to act for an extended period when 
added to its site of action. The data for the liposomal systems 
developed in this work (Figures 5 and 6) demonstrated 
prolonged activity for all the produced formulations, as well 
as the peptide 0WHistatin 5. This proves that the encapsulated 
peptide does not lose its action and maintains its antifungal 
potential. In addition, encapsulating the peptide in the 

FIGURE 5 | Time-kill curves for C. albicans (ATCC 90028) treated with 
extruded F1, F2, and F3 loaded with 0WHistatin 5. The lines referring to 
F1 + 0WHistatin 5, F2 + 0WHistatin 5, and F3 + 0WHistatin 5 systems are 
overlapping because the number of counted colonies were close.

FIGURE 6 | Time-kill curves for C. albicans (ATCC 90028) treated with 
sonicated F1, F2, and F3 loaded with 0WHistatin 5. The lines referring to 
F2 + 0WHistatin 5and F3 + 0WHistatin 5 systems are overlapping because 
the number of counted colonies was close.

FIGURE 8 | Time-kill curves for C. albicans (ATCC 90028) treated with 
extruded and empty F1, F2, and F3.

FIGURE 7 | Time-kill curves for C. albicans (ATCC 90028) treated with 
sonicated and empty F1, F2, and F3.
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liposomes improves the growth limitation, as it becomes 
more stable than for the non-encapsulated peptide. In Figure 5, 
after 24  h of incubation, there was a 3-log reduction in 
CFU ml−1, which remained constant during the 72-h test, 
reaching a reduction of 4 logs in CFU ml−1 at the end. For 
liposomes obtained by sonication (Figure 6), after 24  h 
incubation, the reduction was 4 logs for F2 and F3 and 2 
logs for F1. This reduction was also maintained over the 
72-h test period. For F2 and F3, the reduction was 6 logs 
at 72  h.

Han et  al. (2016) inhibited close to 100% of C. albicans 
cells by treating them with 16  μg  ml−1 Hst 5, after a total 
time of 1  h. This demonstrates that this peptide acts very 
well in the first few moments after addition to the medium. 
Thus, this study demonstrates that the use of a nanocarrier, 
such as liposomes, is able to prolong the time of peptide 
action, inhibiting the growth of the microorganism for 72  h.

The t-student test was applied to compare the last points 
of the F1, F2, and F3 curves with the last point of the growth 
control curve. For F1, the means compared are statistically 
equal. For F2 and F3, the means are statistically different. 
However, it can be  noted from Figure 8 that there is no 
pronounced cell death as in Figures 5 and 6.

In Figure 7, the means of the last points of F1, F2, F3, 
and growth control are statistically different. There is also no 
pronounced cell death, as in Figure 8. This demonstrates that 
the liposomal system without the peptide 0WHst 5 does not 
affect the growth of C. albicans, with 0WHst 5 being responsible 
for the effect discussed above.

CONCLUSION

The results obtained in this work indicate that the extruded 
liposomes are more homogeneous while the sonicated liposomes 
have a greater polydispersity. However, encapsulation efficiency 
values were higher for sonicated liposomes, which also produced 
more stable liposomes during storage at 4°C, among which 
F3 was the most stable. The results observed in the release 

kinetics studies indicate that there is a relationship between 
the stability of the liposome formulation and the release profile 
over time, the liposomes exhibit good stability, which controlled 
and prolonged release of the peptide. The time-kill results 
using ATCC 90028 showed that the liposomal systems preserved 
the antifungal activity of the peptide and were able to limit 
yeast growth for 72  h. As the results were promising and 
demonstrated to limit the growth of this microorganism, the 
intent of the research group is testing the systems for other 
strains, including clinical isolates and resistant strains of 
C. albicans. We can conclude that the liposomal system produced 
has the potential to limit the growth of the microorganism. 
Complementary tests, such as system degradation in human 
saliva and in vivo tests are the future steps off this work.
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