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Caracterizacio do perfil e atividade biolégica de peptideos de cavalo marinho
Hippocampus reidi

RESUMO: A biodiversidade encontrada no ambiente marinho e a sua diversidade quimica ¢é
uma fonte ilimitada para a bioprospecgdo de substancias com potencial para o
desenvolvimento de novos farmacos. O cavalo marinho ¢ um peixe teledsteo, reconhecido na
Medicina Tradicional Chinesa por possuir propriedades medicinais. Nos ultimos anos, o uso
de metodologias especificas em modelos experimentais e linhagens celulares revelaram a
presenca de um conjunto de peptideos provenientes do metabolismo intracelular e que podem
atuar na comunicacao celular. Neste contexto o objetivo deste trabalho foi caracterizar o perfil
de peptideos naturais encontrados em tecidos de cavalo marinho Hippocampus reidi, através
de um protocolo de rapida inativagdo da protedlise pelo calor e espectrometria de massas,
além de uma investigagdo inicial da atividade biologica de algumas sequéncias identificadas
através de um ensaio para verificar um efeito antioxidante. Os resultados obtidos durante o
desenvolvimento deste estudo sdo apresentados em trés capitulos. No capitulo 1, a analise do
peptidoma de branquias permitiu a identificagdo de 1080 peptideos em branquias. Os
fragmentos variaram de 5 a 38 aminoacidos e a principal localiza¢do subcelular da proteina
precursora foi o citoplasma (58%) seguido pelo nucleo (22%) e mitocondria (5%).
Fragmentos N e C-terminal foram 18% e 15% respectivamente, resultados semelhantes a
outros estudos de peptidoma. O mais frequente residuo de aminoacido na posi¢ao N-terminal
foi alanina, seguido por serina, na posi¢do P1 o residuo de aminoacido mais encontrado foi
arginina, seguido por lisina. Entre as proteinas precursoras com maior numero de peptideos
identificados estdo proteinas ribossomais, histona e hemoglobina cadeia alfa. Fragmentos de
Moronecidin-like, descrito como peptideo antimicrobiano, também foram identificados em
todas as amostras de branquias analisadas. Analises de predi¢do revelaram peptideos com
caracteristicas importantes de peptideos antimicrobianos. No capitulo 2, um ensaio de
atividade antioxidante foi realizado para dois peptideos identificados. Os peptideos CNC1 e
CNC2 ndo atingiram 50% de inibi¢cdo de radicais com 30 minutos de rea¢do no ensaio de
DPPH, com 24 horas de reacdo o peptideos CNC1 atingiu 69,61% de inibi¢ao de radicais na
concentragdo de 100 uM. No capitulo 3 ¢ apresentado um protocolo de marcagdo isotopica
para realizacdo de peptidomica quantitativa. A caracterizagdo realizada neste estudo abre
novas perspectivas para investigagao do potencial terapéutico de peptideos naturais.

Palavras chave: peptidomica, espectrometria de massas, cavalo marinho, branquias, peptideos
bioativos.



UNIVERSIDADE ESTADUAL PAULISTA Runesp

UneSp ’ “JULIO DE MESQUITA FILHO” L"'ﬁ IB-CLP

Instituto de Biociéncias
Campus do Litoral Paulista

Profile of natural peptides and biological activity of seahorse Hippocampus reidi

ABSTRACT: The biodiversity found in the marine environment and its chemical diversity is
an unlimited source for the bioprospecting of substances with potential for the development
of new drugs. Among the classes of molecules, bioactive peptides with antioxidant,
antimicrobial, antihypertensive or anticancer action were characterized through the
preparation of protein hydrolysates from a variety of marine organisms. The seahorse is a
teleost fish, recognized in Traditional Chinese Medicine for having medicinal properties. In
recent years, the use of specific methodologies in experimental models and cell lines have
revealed the presence of a set of peptides from intracellular metabolism that can act in cell
communication. In this context, the objective of this work was the characterization in tissues
of seahorse Hippocampus reidi the profile of natural peptides through a protocol of rapid
inactivation of proteolysis by heat and mass spectrometry, in addition to an initial
investigation of the biological activity of some identified sequences through an assay to verify
an antioxidant effect. The results obtained during the development of this study are presented
in three chapters. In chapter 1, analysis of the gill peptidome allowed the identification of
1080 peptides in gills. The fragments ranged from 5 to 38 amino acids and the main
subcellular location of the precursor protein was the cytoplasm (58%) followed by the
nucleus (22%) and mitochondria (5%). N- and C-terminal fragments were 18% and 15%
respectively, results similar to other peptidomic studies. The most frequent amino acid residue
in the N-terminal position was alanine, followed by serine, leucine and lysine, in the P1
position the most found amino acid residue was arginine, followed by lysine. Among the
precursor proteins with the highest number of identified peptides are ribosomal proteins,
histone and hemoglobin alpha chain. Moronecidin-like fragments, described as an
antimicrobial peptide, were also identified in all gill samples analyzed. Predictive analysis
also revealed peptides with important characteristics of antimicrobial peptides. In chapter 2,
an antioxidant activity assay was performed for two identified peptides. The CNCI1 and
CNC2 peptides did not reach 50% of radical inhibition with 30 minutes of reaction in the
DPPH assay, with 24 hours of reaction, the CNCI1 peptide reached 69.61% of radical
inhibition at the concentration of 100 uM. Chapter 3 presents an isotopic labeling protocol
for performing quantitative peptidomics. The characterization performed in this study opens
new perspectives for investigating the therapeutic potential of natural peptides.

Keywords: peptidomic, mass spectrometry, seahorse, gills, bioactive peptides.
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1. Introduciao
1.1 Organismos marinhos como fonte de compostos bioativos

Cerca de 70% da biosfera terrestre é composta por d4gua, com 0s mares € oceanos
representando mais de 95% desta superficie (GLEICK; D., 1993). Estima-se que existam
cerca de 2,2 milhdes de espécies marinhas e que apenas 10% sdo conhecidas atualmente
(MORA et al., 2011). Os ambientes aquaticos por abrigar essa biodiversidade sdo locais
interessantes para descobertas de novos compostos medicinais e produtos de interesse
biotecnologico (BLUNT et al.,, 2016). No entanto, informacdes sobre a maioria dos
organismos potencialmente uteis que habitam esses ambientes permanecem inexploradas.
Assim, a descoberta de moléculas naturais nesta vasta fonte pode ser utilizada no

desenvolvimento de novos fairmacos, produtos cosméticos e suplementos alimentares.

Devido as suas caracteristicas fisico-quimicas, os mares e oceanos podem ser
considerados ambientes extremamente exigentes € hostis. Deste modo, ao longo de milhares
de anos, organismos marinhos desenvolveram aspectos morfofisioldgicos e varios metabolitos
secundarios que garantiram sua adaptacdo e sobrevivéncia. Parte das moléculas encontradas
ndo tém analogos em organismos terrestres, além de unicas em termos de estrutura quimica e
atividade biologica (JASPARS et al, 2016). Estes compostos bioativos incluem:
polissacarideos (ex. agar, alginato), pigmentos (ex. clorofila, carotenoides), acidos graxos

polinsaturados, polifendis, proteinas e peptideos, entre outros (PANGESTUTI; KIM, 2017).

1.2 Cavalos Marinhos: Caracteristicas gerais do género, usos na medicina tradicional

chinesa

Os cavalos marinhos sdo peixes teledsteos, pertencentes a familia Syngnathidae.
Possuem uma morfologia especial caracterizada pela presenca de uma boca tubular, sem
dentes, perda da nadadeira caudal, cauda preénsil e eixo corpdreo vertical (LIN et al., 2016).
Outra caracteristica interessante ¢ que as fémeas de cavalo marinho depositam os ovos em
uma bolsa incubadora nos machos, onde os ovos sao fecundados, e os embrides sao providos

de nutri¢do, oxigénio e um ambiente controlado até o nascimento. Vivem em habitats como

13
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ervas marinhas, manguezais, recifes de corais, estudrios e macroalgas, os quais estao sujeitos
a intensa agdo antropica o que acarreta danos fisicos ao habitat, poluicdo quimica,
eutrofiza¢do, mudancas na qualidade da agua, invasdo de espécies e mudangas climaticas

(VINCENT; FOSTER; KOLDEWEY, 2011).

Apds o nascimento, os cavalos marinhos sofrem uma série de modificagdes
morfoldgicas, de comportamento e alimentagdo. Muitos sistemas, como o digestdrio,
necessitam de maturagdo celular e funcional, fato que pode ser responsavel pela alta
mortalidade até o periodo juvenil (18-20 dias apdés o nascimento) em criagdes de

Hippocampus reidi (NOVELLI et al., 2015).

Cavalos marinhos sdo utilizados na Medicina Tradicional Chinesa e suas derivadas,
particularmente no sudoeste da Asia, e reconhecidos por possuirem importincia medicinal.
Na Medicina Tradicional Chinesa acredita-se que possuem papel no aumento e balanco do
fluxo de energia vital, doengas como asma, aterosclerose, colesterol alto, doencas renais,
infertilidade, disfun¢do erétil, incontinéncia e doengas cutaneas como acne e nodulos

persistentes (VINCENT; FOSTER; KOLDEWEY, 2011).

Estes animais sdo geralmente comercializados inteiros secos ou em p6. Cerca de 95%
do comércio de cavalos marinhos ¢ destinado ao abastecimento de mercados de espécies da
Medicina Tradicional Chinesa e a maior parte dos cavalos marinhos capturados vem da pesca
do camardo com rede de arrasto. O género Hippocampus estéa relacionado no apéndice II do
CITES (Convention on International Trade in Endangered Species of Wild Fauna and Flora)
onde estdo espécies que podem se tornar ameacadas de extingcdo caso o comércio ndo seja
controlado. A superexploracdo ¢ a mais significativa ameaga aos cavalos marinhos e a
populacdo marinha como um todo. Devido a caracteristicas da espécie como poucos filhotes,
necessidade de cuidado parenteral por longo tempo e baixa habilidade de dispersdo, os
cavalos marinhos s3o mais susceptiveis a superexploragdo (VINCENT, FOSTER;

KOLDEWEY, 2011).

No Brasil as espécies de cavalo marinho Hippocampus reidi e Hippocampus erectus
também sao utilizados na medicina tradicional, sendo a espécie H. reidi uma das 3 espécies de

peixes mais utilizadas para fins terapéuticos. Principalmente em estados da regido Nordeste, ¢

14
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indicado para o tratamento de doencas como a asma, gastrite, doengas cardiocirculatorias, do

sistema reprodutivo e cancer (EL-DEIR et al., 2012).

Fig. 1 - Exemplares de cavalo marinho da espécie Hippocampus reidi. (MAI & ROSA, 2009)

1.3 Cavalo marinho: fonte de bioprospecc¢io de moléculas bioativas

Compostos bioativos descritos no género Hippocampus incluem esterdides, acidos
graxos insaturados, proteinas, peptideos e minerais. Atualmente diversos estudos
farmacologicos revelam grande ntimero de aplicagdes biologicas para peptideos bioativos
identificados em cavalo marinho (MUTHURAMALINGAM et al., 2019; OH et al., 2018;
RYU; QIAN; KIM, 2010a, 2010b).

Extratos de cavalos marinhos derivados de hidrolisados obtidos com diferentes tipos
de enzimas proteoliticas in vitro, como alcalase, papaina, tripsina, o- chymotripisina,
flavourzyme, neutrase, pepsina, protamase e Protamex®™ sdo estratégias utilizadas para a
caracterizacdo de moléculas bioativas (JE et al., 2020; OH et al., 2018; RYU; QIAN; KIM,
2010a, 2010b). Esta abordagem de gerar moléculas in vitro, depende de condic¢des
fisico-quimicas especificas para cada tipo de enzima (PANGESTUTI et al., 2013), e

produzem uma mistura de peptideos ativos e inativos que variam em tamanho, composi¢ao e
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sequéncia de aminoacidos, separados e purificados por técnicas cromatograficas e
identificados por espectrometria de massas. Por exemplo, o hidrolisado de Hippocampus
abdominalis, utilizando alcalase, mostrou significativa atividade antioxidante nos ensaios de
DPPH e ABTS in vitro, assim como diminui¢ao na geragao de espécies reativas de oxigénio e
diminui¢do na expressao de genes relacionados com a apoptose celular como p53 e caspase 3.
Esses resultados evidenciam uma capacidade de diminui¢cdo do estresse oxidativo mediado

pela injuria celular, importante fator na patogénese da aterosclerose (OH et al., 2018).

Recentemente peptideos isolados de Hippocampus abdominalis apresentaram
potencial efeito na diferenciacdo e resisténcia muscular via super regulagdo de proteinas
miogénicas (MyoD, fator de transcri¢do miogénica; MyoG, miogenina; MyHC, cadeia pesada
de miosina). Ensaios in vivo em zebrafish demonstraram um aprimoramento da performance
de resisténcia em oposi¢do ao fluxo de agua quando os animais foram tratados com o
peptideo P6 de sequéncia QIGFIW. Este peptideo se mostra promissor candidato a utilizagao
como suplemento nutricional para aprimoramento da diferencia¢do de células musculares e na

capacidade de resisténcia muscular (MUTHURAMALINGAM et al., 2019).

A sequéncia de aminoacidos AGD, isolado da fracdo <5 KDa e produzido por
hidrdlise enzimatica (alcalose) do extrato de Hippocampus abdominalis mostrou atividade
antioxidante, apresentando atividade de remog¢ao de radicais peroxil, diminui¢ao de espécies
reativas de oxigénio, possuindo um efeito protetor ao estresse oxidativo e aumentando a

viabilidade celular (KIM et al., 2019).

A inibi¢do da atividade da enzima conversora de angiotensina (ECA), que integra o
sistema renina angiotensina, possui importante papel na regulagdo da pressdo sanguinea. A
inibi¢do de ECA foi observada in vitro e in vivo em fragcdes do extrato hidrolisado por
Protamex® de Hippocampus abdominalis, as fragdes foram separadas por peso molecular. A
fragdo de menor peso molecular (<5 KDa) aumentou, de maneira dose dependente, a
producdo de 6xido nitrico (ON) em culturas de células assim como a expressdo de eNOS
responsavel pela producdo de ON. Desta fragdo foram identificados 3 peptideos, APTL (m/z
401,240), CNVPLSP (m/z 729,397) e PWTPL (m/z 613,390). O peptideo CNVPLSP
apresentou maior inibicdo da ECA e menor IC50 (0,088 + 0,002 mg/ml). Analise de tracao
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molecular mostrou que a ligagdo ECA-CNVPLSP ¢ uma ligagdo estavel, mostrando que o
peptideo CNVPLSP pode ser um promissor peptideo bioativo contra a hipertensao (JE et al.,
2020).

Na patogenia da artrite, condrocitos e osteoblastos degradam e restringem a sintese de
componentes da matriz extracelular da cartilagem (principalmente fibras colagenas tipo II) e
h4 inflamagdo sinovial. Entre os fatores responsdveis pelo desencadeamento da patogenia
estdo metaloproteases (MMP), e citocinas inflamatorias como  TPA
(12-O-tetradecanoylphorbol-13-acetate), IL-1 (interleucina 1) e LPS (lipopolissacarideos).
Esses fatores aumentam a degradac¢do da cartilagem em articulagdes, induzem a sintese de
oxido nitrico e desencadeiam uma série de sinais intracelulares como MAPKSs (proteinas
kinases mitogeno ativadoras) e a via NF-kB (fator nuclear kB). O extrato hidrolisado de
cavalo marinho (Hippocampus kuda) apresentou atividade em mediadores inflamatérios
caracteristicos do processo inflamatorio da artrite reumatdide e osteoartrite. Os resultados
demonstraram que o hidrolisado ndo afetou a viabilidade das duas linhagens celulares, MG —
63 e SW — 1353, assim como contribuiu para a diminuicdo de mediadores inflamatorios in
vitro, como MMP 1 e MMP 13, ON e menor ativacdo da via NF-xB. O peptideo SHP-1 de
sequéncia LEDPFDKDDWDNWKS e peso molecular 1909 Da foi isolado (RYU; QIAN;
KIM, 2010a, 2010b). Este peptideo de cavalo marinho também apresentou correspondéncia
de mais de 90% com a enzima a-enolase humana. Esta enzima atua como receptor e ativador
de plasminogénio que participa de varios processos fisiologicos e fisiopatologicos como a
degradacao de matriz extracelular, remodelamento tecidual, embriogénese, cicatrizagao de
feridas, migragdo e invasdo celular, angiogénese e metastase celular tumoral. A
superexpressdo de a-enolase é considerada como marcador diagnostico de varios tumores.
Resultados in vitro demonstraram que este peptideo de cavalo marinho reduziu a ligagao de
a-enolase e plasminogénio, diminuindo sua ativagdo, afetou seus niveis de expressao e inibiu
a migracdo invasiva em células de fibrossarcoma HT1080, possuindo assim potencial para um

novo agente antitumoral (KIM et al., 2014).

Peptideos antimicrobianos (PAMs) possuem amplo espectro de atividade, em geral

sdo cationicos e hidrofobicos. A alta atividade hemolitica, sensibilidade a presenca de sais e
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susceptibilidade a protedlise muitas vezes impedem o uso clinico destes peptideos. Através de
analises gendmicas em Hippocampus comes, um peptideo semelhante a moronecidin,
peptideo antimicrobiano da familia Piscidin foi encontrado e testado, apresentando atividade
antimicrobiana de amplo espectro contra bactérias Gram positivas, Gram negativas e fungos,
mesmo na presenca de sais. Este peptideo também mostrou atividade contra a formacao de
biofilme, importante fator de viruléncia bacteriana, assim como menor atividade hemolitica e
citotoxica quando comparado ao peptideo moronecidin de morone saxatilis (MOHAMMADI
et al., 2018). A busca de PAMs na espécie Hippocampus erectus, também realizada por
analise gendmica, encontrou 290 possiveis PAMs derivados de grandes proteinas
intracelulares. Trombina apareceu como o principal grupo de proteinas precursoras de PAMs

seguido por Histona e Lecitina (CHEN et al., 2020).

Foi verificada a atividade neuroprotetora de extratos hidrolisados de Hippocampus
trimaculatus produzidos com varias enzimas proteoliticas. Na doenga de Alzheimer ocorre
uma neurodegeneragdo progressiva, com perda da fungdo cognitiva. Esta doenga ¢
caracterizada pelo acimulo de substancia B-amiloide (AP) em placas, sendo a substancia
AB42 a mais produzida. Microglias também participam da patogénese da doenca de
Alzheimer eliminando agregados AP via fagocitose, porém podem causar a morte de
neurdnios adjacentes devido a inflamacdo e liberagdo de substancias neurotoxicas. O extrato
produzido com pronase E apresentou alta porcentagem de proteinas (75,75 + 0,13%) e
promoveu maior viabilidade celular quando comparado a outras enzimas. Para a otimizagao,
isolamento e identificacdo do peptideo bioativo este extrato foi separado por FPLC
(cromatografia liquida de proteina rapida) em fracdes e avaliada a atividade neuroprotetora
em células PC12 contra a neurotoxicidade induzida por AB42. A fragdo V-2 apresentou maior
atividade neuroprotetora. Para a identificacao do peptideo ativo foi utilizado espectrometro de
massas Q-TOF, com fonte de ionizagao ESI. O peptideo foi identificado como HTP-1, com
sequéncia GTEDLDK (PANGESTUTI et al., 2013). Também foi utilizada a co-cultura de
células PC12 e BV2, que simulam a patogenicidade da doenca de Alzheimer quando
estimuladas com AB42. O peptideo HTP-1 mostrou efeito neuroprotetor contra AB42 pela
atenuacao de mediadores neurotdxicos liberados por células BV2 (células da microglias de

roedores) como PGE 2 (prostaglandina 2), TNF-a (Fator de necrose tumoral-a) e IL-1p
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(interleucina 1P) e pela ativagdo da via de sinalizacdo PI3K/Akt nas células PC12 o que
previne a morte celular. Este peptideo também apresenta as caracteristicas estruturais
identificadas como desejaveis para efeitos neuroprotetores como alto grau de hidrofobicidade,
composi¢do entre 3 a 15 aminodcidos e peso molecular < 1 KDa (PANGESTUTI; KIM,
2015).

1.4 Peptideos intracelulares, formacao, funcio e identificagio.

Peptideos sdo polimeros de aminoacidos, com menos de 10.000 Da, que possuem
papel importante como moléculas bioativas atuando como neurotransmissores, hormonios,
antigenos e agentes antimicrobianos. Em geral, a sintese de peptideos, principalmente
neuropeptideos e peptideos hormonios, se inicia com a expressao de uma proteina precursora
inativa, que apresenta em sua por¢ao N-terminal um peptideo sinal e direciona a proteina para
o limen do reticulo endoplasmatico e posteriormente complexo de Golgi, onde sofre a agdo
de endoproteases, processo que continua em vesiculas secretorias até a liberacdo, por

exocitose, para o meio extracelular (CASTRO, 2013).

Além da protedlise limitada em compartimentos da via secretoria, proteinas
intracelulares sdo constantemente degradadas em peptideos e aminodcidos para serem
reutilizados na sintese de novas proteinas. Este processo ¢ altamente seletivo e precisamente
regulado o que previne o acumulo de proteinas ndo funcionais ou potencialmente toxicas

(GOLDBERG, 2003).

O complexo proteolitico proteassomo constitui o maior sistema de degradacdo
proteolitica extralisossomal, com atividade de clivagem especifica em aminoacidos
hidrofobicos, acidos e basicos (ORLOWSKI, 1990). O nucleo do complexo proteassomo,
chamado de 20S, ¢ conservado entre as espécies e possui 4 anéis concéntricos empilhados,
formando um tubo onde as proteinas sdo clivadas em peptideos menores. Os dois anéis
externos sdo compostos por subunidades a e dois anéis internos formados por subunidades f3.
As subunidades [ apresentam trés sitios de clivagem, subunidade B1 com atividade
semelhante a caspase, clivam proteinas apds residuos acidos, subunidade PS5 de clivagem
semelhante a quimotripsina, clivam proteinas apos um residuo hidrofobico ¢ subunidade 2,

com sitio de clivagem de atividade semelhante a tripsina e clivam proteinas apds residuos
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basicos (GELMAN et al., 2011; HABIB ef al., 2022; LYAPINA; IVANOV; FESENKO,
2021). O complexo também possui uma ou duas subunidades 19S, que fazem o
reconhecimento e direcionam as proteinas para o interior do complexo proteolitico
(GOLDBERG, 2003). Em células eucaridticas, muitas proteinas destinadas a degradagao sao
marcadas com uma cadeia de poliubiquitina, num processo dependente de energia, € entdo
digeridas em peptideos com 2 a 20 aminoacidos pelo complexo proteassomo 26S. A
degradagdo mediada pela ubiquitina regula positivamente ¢ negativamente uma variedade de
processos celulares como o controle da divisdo celular, sinal de transdugdo, regulagdo
transcricional, resposta inflamatdria e imune, desenvolvimento embrionario, apoptose ¢ ciclo

circadiano, garantindo a homeostase celular (HERSHKO, 2005).

A andlise e identificacdo deste conjunto de peptideos pode ser dificultada pela
degradacao enzimadtica post-mortem do tecido. A irradiagdo por micro-ondas, logo apos a
eutanasia dos animais, bloqueia a degradacdo de moléculas instaveis, pelo principio da
inativagdo térmica de proteases (CHE et al., 2005). Apos a inativacdo de proteases, a extracao
acidificada a frio também reduz a clivagem em ligagdes acido aspartico e prolina (FRICKER,

2010).

Inicialmente, acreditava-se que apenas uma parte dos peptideos escapavam da
degradagcdo completa a aminodcidos, porém metandlises de peptidomas em cérebro de
camundongos, cérebro de zebrafish e culturas de linhagens celulares humanas identificaram
muitos fragmentos de proteinas citosélicas, nucleares ou mitocondriais, com muitos
fragmentos N ou C-terminal (FRICKER, 2010; GELMAN et al., 2011; TEIXEIRA et al.,
2019). A super-representacdo de peptideos N e C-terminal no peptidoma intracelular pode
sugerir que ou estes peptideos sdo mais estaveis que outros peptideos ou estes peptideos sao
seletivamente gerados, possivelmente pela limitada protedlise ao invés de completa
degradacao de proteinas em peptideos (FRICKER, 2010). Esses achados sugerem que
peptideos intracelulares podem possuir papel na comunicacdo celular e ndo serem somente
simples produtos da degradagdo proteica. A espectrometria de massas conferiu um avango

no estudo destas moléculas, pois possibilitou o sequenciamento de peptideos provenientes de
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misturas complexas e a identificagdo de moléculas com mudangas pds-translacionais

(FRICKER, 2010).

2. Objetivos
Objetivo geral:

Caracterizagdo dos peptideos que existem naturalmente em tecidos de cavalo marinho
Hippocampus reidi, contribuindo para o preenchimento da lacuna de dados moleculares desta

espécie.
Objetivos especificos:
Avaliagdo da atividade antioxidante de peptideos identificados selecionados

Descrigcdo de método de quantificagdo relativa de peptideos por marcagao isotopica

3. Organizacao da Tese

A Tese esta organizada em capitulos

3.1 Capitulo I

No primeiro capitulo apresentamos o trabalho publicado na revista Biomolecules
“Revealing natural intracellular peptides in gills of seahorse Hippocampus reidi”, onde
descrevemos os peptideos encontrados naturalmente em branquias do cavalo marinho

Hippocampus reidi.
3.2 Capitulo IT

No segundo capitulo descrevemos a avaliacdo antioxidante de dois peptideos

identificados em tecidos de cavalo marinho Hippocampus reidi.
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3.3 Capitulo IIT

No capitulo 3 apresentamos o trabalho publicado na revista Jove, onde descrevemos a
metodologia para a marcagdo de peptideos com formas leves e deuteradas de formaldeido e

cianoborohidreto, para a realizagdo de quantificacdo relativa de peptideos.
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Capitulo I

Revealing natural intracellular peptides in gills of seahorse Hippocampus
reidi

Claudia Neves Correa'?, Louise Oliveira Fiametti', Gabriel Marques de Barros” and Leandro

Mantovani de Castro'?

1. Sao Paulo State University (UNESP), Bioscience Institute, Sao Vicente, Brazil

2. Biodiversity of Coastal Environments Postgraduate Program, Sao Paulo State University
(UNESP), Bioscience Institute, Sao Vicente, Brazil

*Corresponding author. E-mail address: leandro.mantovani@unesp.br
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Abstract

The seahorse is a marine teleost fish member of the Syngnathidae family that displays a
complex array of morphological and reproductive behavior innovations and has been
recognized for their medicinal importance. In the Brazilian ichthyofauna the seahorse
Hippocampus reidi are among the three fish species most used by the population in traditional
medicine. In this study a protocol was performed based on fast heat inactivation of proteases
plus liquid chromatography coupled to mass spectrometry to identify native peptides in gills
of seahorse H. reidi. The MS/MS spectra obtained from gills allowed the identification of
1080 peptides, of which 1013 peptides were present in all samples and 67 peptide sequences
were identified in an additional LC-MS/MS run from an alkylated and reduced pool of
samples. The majority of peptides were fragments of the internal region of the amino acid
sequence of the precursor proteins (67%), N- and C-terminal represented 18% and 15%
respectively. Ribosomal proteins, Histones, and Hemoglobin were the precursor proteins
which present many peptide sequences. In addition, peptide fragments from Moronecidin-like
protein, described with antimicrobial activity, were found in all gill samples of H. reidi. The

identified sequences may reveal new bioactive peptides.

Keywords: peptidomics; seahorse; mass spectrometry; gills
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1. Introduction

Fish are the major component of aquatic fauna, living in a microbe-rich environment [1].
The seahorse is a marine teleost fish member of the Syngnathidae family that displays a
complex variety of morphological and reproductive behavior innovations. It has been used in
Traditional Chinese Medicine. It is believed that seahorse extract plays a role in diseases such
as asthma, atherosclerosis, kidney diseases, infertility, erectile dysfunction, incontinence and

skin diseases such as acne and persistent nodules [2,3].

Several studies have used dried seahorse powder hydrolyzed by proteases to obtain
peptide extracts. Pharmacological investigation has revealed biological applications of these
extracts. Antioxidant activity of enzymatic hydrolysates from the seahorse Hippocampus
abdominalis has been reported in vitro and in vivo [4,5]. Although some protocols based on
protein digestion are successful for the identification of bioactive peptides, in these

preparations, the molecules are generated artificially in vitro.

A peptidome can be defined as the analysis of the peptides naturally generated in cells
and tissues. It usually includes the following steps: sample collection, peptide extraction,
fractionation, LC-MS/MS analysis, peptide identification and data mining [6]. Recently, with
improvement in mass spectrometry and related proteomics analyses, it has become possible to
sequence large numbers of peptides from complex mixtures. Peptides secreted from cells play
roles in important physiological processes as signaling molecules (neuropeptides, hormones,
growth factors), defense mechanisms (antimicrobial peptides, venoms and toxins) and
modulating protein-protein interaction within cells [7]. Furthermore, fast protease inactivation
techniques by heating, mainly microwave radiation, followed by molecular weight exclusion
filters associated with LC-MS/MS, have revealed a constant set of peptides from cytosolic,
mitochondrial and nuclear protein fragments in tissues of mice [7-9], zebrafish [10], human
cell lines [11] and fungi [12] which has been termed intracellular peptides. Most of these
peptides are intermediate products of protein metabolism and appear to be generated by

proteasome complex [13,14], that owns caspase-like (B1), trypsin-like (f2) and
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chymotrypsin-like (B5) proteolytic activities [15,6]. In addition, these intracellular peptides
can play signaling roles after release from their parent proteins. Most bioactive peptides may
be hidden in the sequences of functional proteins, such as hemoglobin and histone [16]. For
example, Pep-H, a peptide derived from histone found in human brain tissue altered in

schizophrenia patients, has shown protection from cell death [17].

The gills are organs that are constantly exposed to the surrounding water and are
responsible for breathing, osmoregulation and excretion of nitrogenous waste products
[18,19]. Furthermore, the gills are an immunocompetent organ due to the constant exposure to
environmental challenges such as pathogens, pollutants and toxins. Several studies have
demonstrated the presence of cells and molecules related to the innate immunity in gills, such
as antimicrobial peptides (AMPs) and immunoglobulins, which play an important role in

inhibiting pathogen invasion [20].

Antimicrobial peptides (AMPs) are related to the innate immune system of various
organisms including humans, fish and plants [6,21]. AMPs usually consist of less than 100
amino acid residues, have a positive net charge and contain a hydrophobic region [22]. AMPs
can kill bacteria, viruses and fungi by either disrupting their membrane integrity or inhibiting
a cellular function. The contact of AMPs is initially due to an electrostatic and hydrophobic
interaction with plasma membranes, usually involving pore-forming and non-pore-forming
models [22]. Fish AMPs include -cathelicidins, B-defensins, hepcidins, piscidins and
histone-derived peptides [23].

Here we performed a protocol based on fast heat inactivation of proteases to identify
native peptides in gills of the seahorse Hippocampus reidi. A study of the Brazilian
ichthyofauna showed that the seahorse of this species is one of the three fish species most
commonly used by the population for medicinal purposes [24]. Peptide fragmentation data
obtained by mass spectrometry were analyzed using a genome database of the recently
characterized species Hippocampus comes [25], which allowed the identification of peptide
sequences. In addition, the protein classes with the highest number of fragments found were

discussed in relation to the antimicrobial potential of the peptide sequences.
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2. Materials and Methods

2.1 Animals

Three Hippocampus reidi adult specimens were obtained by hand in Ubatuba, Sao Paulo,
Brazil (23° 27 01.41" S - 45° 02’ 09.00” O) while SCUBA diving and kept in the Laboratory
of Marine Proteins and Peptides of the Bioscience Institute of Sao Paulo State University.
Artificial seawater was prepared using commercial sea salt and mixed according to
manufacturer's instructions. Animals were housed in aquaria using artificial seawater (water
temperature 25°C) and fed twice a day.

This study followed the guidelines of National Council for Animal Experimentation
Control (CONCEA), permission of SISBIO (Protocol Number 78669-1) and was approved by
the Ethics Commission for Animal Use (CEUA) at Bioscience Institute of Sao Paulo State
University (Sao Vicente, Brazil; Protocol Number 02/2021-CEUA).

2.2 Peptide extraction

Seahorse peptide extracts were prepared as previously described [10]. Adult male
seahorses were anesthetized with a lethal dose of MS 222 (100 mg/L) and taken to the
microwave for 10 seconds to inactivate peptidase and proteases. Next, gills were collected in
centrifuge tubes. Ten one-second sonication pulses (4 Hz) were applied to homogenize each
sample in 1 milliliter of deionized water, which were then maintained at 80°C for 20 minutes.
After cooling in ice, HCl was added to a final concentration of 10 mM. The homogenates
were centrifuged at 5000 g for 40 minutes at 4°C. A Millipore centrifugal filter unit with a
molecular weight cut-off of 10.000 Da was used to filter the supernatants. C-18-like Oasis
columns (Waters) were then used to purify and concentrate peptides contained in the samples,
which were then dried in a vacuum centrifuge. The extract obtained was stored at -80°C for a
subsequent peptidomic analysis.

In addition to identifying peptides with cysteine residues, 100 pg from a pool of gill

samples were submitted to a reduction and alkylation reaction in order to identify cysteine
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residues in samples. For the reduction reaction, 5 mM of final concentration of DTT
(Dithiothreitol) was added to the sample and incubated for 25 minutes at 56°C. The alkylation
reaction was performed with the addition of IAA (Iodoacetamide) at final concentration of 14
mM and incubated for 30 minutes at room temperature and in the dark. After incubation, a
quench of free IAA was performed by adding at 5 mM final concentration, being incubated

for another 15 minutes at room temperature and in the dark.

2.3 Fluorescamine

Fluorescamine was used to determine peptide concentration at pH 6.8. The reaction was
performed at pH 6.8 to ensure that only the amino groups of the peptides react with the
fluorescamine, avoiding that free amino acids react with it. In short, 2.5 uL of the sample was
mixed with 25 pL of 0.2 M phosphate buffer (pH 6.8) and 12.5 uL of a 0.3 mg/mL acetone
fluorescamine solution, then vortexed for 1 minute. Next, 110 pL of water was added, and a
SpectraMax M2e plate reader (Molecular Devices, Sunnyvale, CA) was used to measure the
fluorescence at an excitation wavelength of 370 nm and an emission wavelength of 480 nm.
The standard reference for the determination of the peptide concentration was the peptide SA

(LTLRTKL), which has a known composition and concentration.

2.4 Liquid chromatography and mass spectrometry

The peptide mixture was suspended in 0.1% formic acid and analyzed as follows. An
UltiMate 3000 Basic Automated System (Thermo Fisher®) was set up and connected online
with a Fusion Lumos Orbitrap mass spectrometer (Thermo Fisher®) at the mass spectrometry
facility RPTO2H/Carlos Chagas Institute - Fiocruz, Parana. The peptide mixture was
chromatographically separated on a column (15 cm in length with an internal diameter of
75 um) packed in-house with ReproSil-Pur C18-AQ 3 um resin (Dr. Maisch GmbH HPLC)
with a flow rate of 250 nL/min of 5% to 38% ACN in 0.1% formic acid on a 120 min
gradient. The Fusion Lumos Orbitrap was placed in data-dependent acquisition (DDA) mode
to automatically turn between full-scan MS and MS/MS acquisition with 60s dynamic

exclusion. Survey scans (300-1500m/z) were acquired in the Orbitrap system with a

28



UNIVERSIDADE ESTADUAL PAULISTA jRrunesp

unesp ’ “JULIO DE MESQUITA FILHO” [ 'ﬁ IB-CLP

Instituto de Biociéncias
Campus do Litoral Paulista

resolution of 120,000 at m/z 200. The most intense ions captured in a 2 s cycle time were
chosen, excluding those which were unassigned or had a 1+ charge state. The selected ions
were then isolated in sequence and fragmented using HCD (higher-energy collisional
dissociation) with normalized collision energy of 30%. The fragment ions were analyzed with
a resolution of 50,000 at 200 m/z. The general mass spectrometric conditions were as follows:
2.3 kV spray voltage, no sheath or auxiliary gas flow, heated capillary temperature of 175°C,
predictive automatic gain control (AGC) enabled, and an S-lens RF level of 30%. Mass
spectrometer scan functions and nLC solvent gradients were regulated using the Xcalibur 4.1

data system (Thermo Fisher®).

2.5 Peptide identification

The raw data files were submitted to search against the NCBI database filtered for
taxonomie: Hippocampus comes using the software PEAKS Studio (version 8.5;
Bioinformatics Solution, Waterloo, Canada). The decoy-fusion method was used to search a
decoy database in order to calculate false discovery rate (FDR).The following search
parameters were considered: a) precursor mass tolerance to =30 ppm; b) fragment ion mass
(tolerance of #0.5 Da); c)variable modifications: oxidized methionine (+15.99 Da),
acetylation (+42.01 Da); d)No enzyme specificity. The identified peptides were then sorted by
their average of local confidence to select the best spectra for annotation, and they were

filtered by FDR <0.1%.

3. Results

The MS/MS spectra obtained of H. reidi gills extracts allowed the identification of 1080
peptides from 396 proteins, of which 1013 peptides were present in all samples initially
analyzed (Supplementary Table 1). Sixty-seven peptide sequences were identified in an
additional LC-MS/MS run from an alkylated and reduced pool of gill samples. This run was
performed to improve the detection of peptides containing cysteine residues (Supplementary

Table 2).
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Regarding the general characteristics of these peptides, the fragments ranged from 5 to 38
amino acid residues, with 80% having a length between 8 and 18 amino acid residues (Figure
1A). The precursor proteins of these intracellular peptides are mainly located in the cytosol
(58%), nucleus (22%) and mitochondria (5%) (Figure 1B). In addition, most of the peptides
found in the gills originated from ribosomal proteins (32%), histones (11%), protein related to
cytoskeleton (9%) and hemoglobin fragments (5%) (Figure 1C).

In order to investigate aspects related to proteolytic processing, the amino acid
sequence of the precursor proteins and the peptides generated were analyzed. Most of them
were fragments of the internal region of the amino acid sequence of the precursor proteins
(67%). N- and C-terminal regions represented 18% and 15% respectively (Figure 2A). About
70% of the N-terminal fragments found have an N-terminal acetyl group. The most frequent
amino acid in the N-terminal region of the identified peptides was alanine, followed by
serine, leucine and lysine (Figure 2B). Rare cleavage sites include tryptophan and glutamine.
In addition, arginine is the most common residue in the P1 position (60,19%) followed by
lysine (21,12%) (Figure 2C).

The quantification data for each peptide sequence found in all gill samples was
performed and is shown in Supplementary table 1. The ratio of each peptide detected in one
sample was calculated in relation to the average of the two other samples and the average
ratios shown in Figure 3A. Of the 1013 quantified peptides, 72.8% had an average ratio
between 1.0 and 2.0, 16.1% between 2.0 and 4.0 and the remaining (11.1%) distributed in
different ratio ranges above 6 (Figure 3B).
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Figure 1. General features of peptide sequences found in gills of seahorse H. reidi. In A,
peptide distribution by length (amino acid residues). In B, subcellular location of precursor

proteins of peptides. In C, classes of precursor proteins.
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peptides; a total number of times each amino acid was present on the N-terminus of the 1080
identified peptides. In C, analysis of the cleavage sites required to generate the observed

intracellular peptides. The number of times each amino acid occurred in the P1 position of the

cleavage site is indicated for both upstream and downstream sites.
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Figure 3. Average ratio of each peptide found in H. reidi gills (A). Percentage of peptides in
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4. Discussion

The main result shown here was the characterization of the peptide profile naturally
present in the gills of the seahorse H. reidi. Most studies involving peptide extract from
seahorses have used enzymes for the preparation of hydrolysates, generating sequences
artificially. Specific sample preparation methods and LC-MS/MS analysis can contribute to
the predominant identification of peptides with distinct physicochemical properties [6].
Peptides in seahorse gills were extracted after microwave irradiation for rapid inactivation of
proteases by heat, followed by extraction in cold acidic deionized water to avoid postmortem
artifacts [7]. The features of peptides identified in this study, such as the fragments size, their
subcellular distribution and protein classes showed similarities with other peptidome studies
that applied the same extraction protocol [10,12].

Most peptides within cells are generated during protein degradation by the large complex
proteolytic proteasome that generates fragments within 5 to 22 amino acids [6,15]. This range
of the sequences represented more than 90% of peptides found in gills of H. reidi. The three
major catalytic activities associated with proteasomes are caspase-like, trypsin-like and
chymotrypsin-like activities that cleave after acid, basic and hydrophobic residues
respectively [15]. Despite the similarities with other peptidome studies, with respect to the
general characteristics mentioned previously, differences related to proteolytic processing
were observed. Our findings show strong trypsin-like activity in peptides, with predominance
of basic amino acids in the P1 position of the cleavage site, in addition to the fragments being
mostly from the internal region of the precursor proteins. These differences could be related
to the functional aspects of the gills, as an organ that has contact with the external
environment. A meta-analysis of human fluid peptidome demonstrated that, at least for serum
and tears, there is a preference for and Lys, positively charged amino acids, in the P1
position [26]. The presence of basic amino acid residues in the P1 position is common in
peptides generated during the classical secretory pathway, such as neuropeptides and
hormones [27]. The proteasome is well known for its role in generating antigenic fragments
during adaptive immunity [28,29]. However, it has been suggested that proteasome also

produces antimicrobial peptides as part of the innate immune response, as shown with the
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intermediate filament keratin 6a (K6a), which is constitutively processed into antimicrobial
fragments in corneal epithelial cells [30]. Thus, trypsin-like protease activity seems to have a
significant contribution to the shape of peptides in gills of seahorse.

Quantitatively, most peptides (72,8%) showed an average ratio between samples of 1 to
2%. In a zebrafish brain peptidome study without treatments, variations in the average ratio of
peptides were also observed, with some intracellular peptides showing a greater variation than
the neuropeptides [10]. Furthermore, in our analyses peptide fragments from the same protein
that presented different ratios were observed, which may indicate a distinct proteolytic
processing.

Mucosal barriers, such as the skin, gills and gut epithelia, provide a first line of defense
against infection [31]. Antimicrobial peptides (AMPs) have been identified in gills of several
species of fish [1,32-34]. Moronecidin is an AMP member of the piscidin family that has
high salt tolerance and a broad spectrum of activity against microorganisms. The membrane
disruption of moronecidin in microbes is due to the formation of a pore [31]. The alignment
of moronecidin-like peptide, originally identified in H. comes, with other piscidins shows that
the signal peptide is conserved, whereas the sequences of the mature peptide are variable
[35]. A total of fifteen fragments from the Moronecidin-like peptide were found in gill
samples of H.reidi (Figure 4A). Among these sequences identified here, the fragments
FFRNLWKGAK, KGAKAAFR, GAKAAFR and NLWKGAKAAFR, are part of a peptide
selected by in silico analysis of the H. comes genome and recently characterized as an
antimicrobial peptide [35]. The sequence FFRNLWKGAK (Figure 4B) preserves amphipathic
characteristics, such as a-helix formation, with hydrophobic residues on the same surface and
also positively charged amino acid residues (Figure 4C), as described for Piscidins [23,36].

Ribosomal proteins, Histones, and Hemoglobin were the intracellular proteins that had
most sequences found in the gill peptidome. Antimicrobial activity was demonstrated for
peptides from these intracellular proteins in many different species [16].

Peptide sequences from ribosomal proteins represented 32% of the fragments in the gills
of the seahorse H. reidi, with many fragments of the different ribosomal proteins that
constitute the 40S small subunit and the 60S large subunit of eukaryotic ribosomes. Of the 78

described ribosomal proteins that constitute these two subunits, 61 were detected in our data,
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of which 36 proteins belonged to the 60S subunit and 25 proteins to the 40S subunit. In figure
5, the number of fragments found for each ribosomal protein is shown. Ribosomal protein
L13 was the one with the highest number of fragments. Hurtado-Rios and collaborators [37]
have recently discussed the role of ribosomal proteins as moonlighting proteins, which are
those capable of performing more than one biochemical or biophysical function within the
same polypeptide chain, highlighting them as natural antimicrobials [37-39]. Recently, a
C-terminal fragment of 60S ribosomal protein L.27 was isolated from the skin of S. asotus and
identified as AMP [40]. In another study, antimicrobial activity against Bacillus megaterium,
Escherichia coli, and Candida albicans was detected in an extract from the epidermal mucus
of Atlantic cod (Gadus morhua). Ribosomal proteins L40, L36A and L35 were identified in
fractions prepared by weak cation exchange chromatography together with reversed-phase
chromatography and mass spectrometry [41]. In addition, in oyster gills from Cassostrea
gigas, a fragment of 60S ribosomal protein L29, with 54 amino acid residues, was identified
as AMP. Table 1 lists some identified sequences of ribosomal proteins with similar properties

of antimicrobial peptides.
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Figure 4. Moronecidin-like found in H. reidi gills. In A, location of peptide fragments in
the precursor protein sequence. In B, MS/MS spectrum of the sequence peptide
FFRNLWKGAK. In C, presence of hydrophobic (yellow) and basic (red) residues, performed
using the online tool NetWheels (https:/netwheels.herokuapp.com/) and alpha helix
prediction analysis builtusing I-Tasser ( https://zhanggroup.org/I-TASSER/).
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Tablel. Sequences of ribosomal proteins with similar characteristics to antimicrobial peptides

Sequence Protein H.R. Net Charge GRAVY H.R (same suface)
TVGVQPAADGKGVVVVIKKR 60S ribosomal protein L28 45% 3 0,33 0
SQGTRDLDRIAGQVAAANKKSA 40S ribosomal protein 519 36% 2 -0,72 5
AGRGFTLEELKAAGIHKKTAR 60S ribosomal protein L13 38% 3,25 -0,54 5
VRKLYDIDVSKVNTLIRPDGEKKAYVR 60S ribosomal protein L23a  33% 3 -0,64 6
NFGIGQDIQPKRDLTRFVKWPR 60S ribosomal protein L7a 32% 3 -0,99 3
PKGKKAKGKKVAPAPVVAK 60S ribosomal protein L7a 37% 7 -0,68 0
SANRAVVGVVAGGGRIDKPILK 60S ribosomal protein L8 45% 3 0,32 8

H.R.= Hydrophobic Residues

Histones are evolutionary conserved basic proteins, present in all eukaryotic cells. They
are known to function in chromatin structure formation, nuclear targeting and regulation of
gene expression [42]. Histone-derived AMPs have been identified in a number of fish species,
with broad-spectrum activity against both human and fish pathogens, suggesting that
complete sequences, N-terminal or C-terminal fragments are part of an ancient innate immune
mechanism [43,44].

Histones H2A and H2B have been found in microsomes from gill epithelium of five
species of primitive to advanced teleost fish, indicating that these proteins might be secreted
to the extracellular environment [45]. In addition, histone H2A has been shown to be
synthesized in excess, in amounts required for DNA packaging, and accumulates in
cytoplasmic granules in gastric gland cells. Upon secretion into the gastric lumen, it is
processed by pepsin C isozymes to yield buforin I [46,47] and proteasomal degradation of
histone proteins increase after oxidative damage [48]. The peptide Buforin II
(TRSSRAGLQFPVGRVHRLLRK) derived from Buforin I, demonstrates a potent
antimicrobial activity, killing the bacteria without cell lise and has affinity with nucleic acids,
apparently inhibiting the cellular function by binding to DNA and/or RNA [49]. A similar
sequence TRSSRAGLQFPVGRVLR, identified as Histone H2A-like found here, presents
hydrophobic ratio 35%, total net charge +4, four hydrophobic residues on the same surface
and has 80,75% of similarity with buforin II. Here, most of the peptide sequences found for

H2A and H2B represented fragments of the N- and C-terminal of these proteins (Figure 6).
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Figure 6. Histone-like derived peptides identified in gills of H. reidi. Location of peptide
fragments (underlined in blue) in the amino acid sequence of the predicted Histone H2A-like
(A) and Histone H2B-like protein (B).
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Figure 7. Hemoglobin alpha chain derived peptides identified in gills of H. reidi. In A,
location of peptide fragments (underlined in blue) in the amino acid sequence of the precursor
protein. In B, Sequence alignment of a peptide sequence found in the gills of Hippocampus
reidi (H.r) and a peptide sequence described with antibacterial action in the liver of Anguilla

japonica (A.j.).

Peptide sequences derived from hemoglobin were 5% of fragments present in seahorse
gills. Hemoglobin is an essential protein for maintaining cellular homeostasis due to its ability
to bind and transport oxygen to the tissues. This protein has also been associated with
immune response modulation, signal transduction and antimicrobial activity [50].
Hemoglobin has been known as a source of endogenous bioactive peptides that present
several different functions [51-53]. Regarding innate immunity, the presence of antimicrobial
peptides fragments of hemoglobin isolated from tissues such as skin, branchial epithelium and
liver has been shown in fish. For example, an antiparasitic effect of hemoglobin-derived
AMPs has been identified from the epithelium catfish Ictalurus punctatus, with changes in
both HbBP-1 sequence transcribed and translated in skin and gill epithelium against infection
of Ichthyophthirius multifiliis, where the hemoglobin concentration expressed in vivo

appeared to be similar with the antiparasitic concentrations measured in vitro [54].
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Furthermore, a study in sea bass detected changes in Hb-LP gene expression by real-time
RT-PCR in the gills and skin in acute crowding stress, but not in other tissues [55]. Also,
among the various fragments of the hemoglobin alpha chain found in H. reidi gill samples
(Figure 7A), fifteen sequences were from a similar region corresponding to the peptide
FAHWPDLGPGSPSVKKHGKVIM, derived from hemoglobin alpha in the liver of Japanese
eel, Anguilla japonica, with strong antibacterial activities against Gram-positive or negative
bacteria [56]. One of these fragments showed 56% similarity with this previously described
peptide (Figure 7 B).

Our study also verified the presence of peptides containing cysteines through an
additional experiment with reduction and alkylation without trypsinization, because some
classes of antimicrobial peptides, such as defensins, that are small, amphiphilic and cationic
peptides, are usually rich in cysteines [57]. Of the sixty-seven peptides with cysteine residues
found, 10 sequences contained two residues and the others only one. However, vertebrate
defensins are cationic antimicrobial peptides and have 3 pairs of disulfide bonds forming 3
intramolecular disulfide bonds [58]. Future investigations will be necessary to verify the
antimicrobial activity of these sequences.

Taken together, it was possible to identify the presence of fragments similar to peptides
with described antimicrobial activity and here only this aspect was explored. However, other
intracellular peptide fragments identified in this study may be related to other distinct

biological functions, as it has been shown in the last years [52,59,60].

5. Conclusions

The gill peptidome of seahorse H. reidi obtained through fast heat inactivation of
proteases revealed a set of peptides consisting of many fragments from intracellular proteins
residing in compartments such as the cytosol, nucleus and mitochondria. Our data bring
relevant information on the levels of these molecules, showing a particular behavior for each
peptide, that presents variations from animal to animal, even before being submitted to an
experimental condition. Most of the sequences found showed size and properties similar to

peptidomes from tissues of other organisms, where the same protocol was used. However, the
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proteolytic processing analysis showed differences, such as the prevalence of internal
fragments of precursor proteins and the predominance of basic residues such as arginine and
lysine in the P1 position of the cleavage site. These differences may be related to some
functions of gills, such as innate immune response, which may generate possible peptide
sequences with antimicrobial action. Furthermore, our results confirm data from the literature
that demonstrate antimicrobial activity of peptide fragments of intracellular proteins.
Recognition of patterns and identifying key peptides in seahorse gills could lead to a better
understanding of processes such as immune response and proteolysis dynamics. The
identified sequences could yield new therapeutic peptides as an alternative to the resistance

presented by many pathogenic microorganisms to antibiotics available as treatment.
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Capitulo 11

Avaliacio da atividade antioxidante de peptideos identificados em tecidos de cavalo

marinho H.reidi
1.Introducio

O metabolismo aerdbico produz subprodutos como radicais livres e outros oxidantes e
nitrosantes altamente reativos no interior das células. Radicais livres e espécies reativas de
oxigénio incluem radicais superdxido anionico (0O2°), hidroxila (OH), peréxido de hidrogénio
(H,0,) entre outros. Estas moléculas sdo produzidas em condigdes normais e removidas por
mecanismos de defesa antioxidante. Ha um balanco entre a geragcdo de espécies reativas de
oxigénio (ERO) e o sistema antioxidante dos organismos (BACHI; DALLE-DONNE;
SCALONI, 2013).

A eficiéncia do sistema de defesa antioxidante ¢ alterada em condi¢des de patologias e
a inefetiva limpeza e/ou superproducao de radicais livres leva ao estresse oxidativo e pode
determinar modificagdes oxidativas de macromoléculas celulares, modificando sua fungao e
eventualmente promovendo a morte celular. O estresse oxidativo estd envolvido em diversas
condicdes patologicas como cancer, doencas neurodegenerativas, diabetes mellitus e
aterosclerose, assim como envelhecimento (BACHI; DALLE-DONNE; SCALONI, 2013). O
acumulo excessivo de radicais livres leva a peroxidagdo lipidica da membrana plasmatica e
destruicdo de estruturas naturais de proteinas intracelulares e acidos nucleicos, diminuindo a
permeabilidade da membrana interna mitocondrial e causando a fadiga oxidativa (GUO et al.,

2017).

Para neutralizar o estresse oxidativo, o organismo envolve respostas enzimaticas € ndo
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enzimaticas que removem ERO diretamente ou reparam o dano oxidativo. Estas defesas
incluem enzimas antioxidantes como superoxido dismutase, catalase e glutationa peroxidase e

pequenas moléculas como glutationa e vitaminas C e E (QIAN et al., 2008).

A reacdo de oxidacdo também ¢ uma das maiores causas de deterioragdo dos
alimentos. Afeta lipideos, carboidratos e proteinas, porém a oxidacdo de lipideos € a principal
causa de perda da qualidade dos alimentos, levando a rancidez, diminuicdo da validade,
comprometimento do valor nutricional, alteragdo do sabor ¢ formagdo de derivados téxicos
(CHALI et al., 2017; LI, YU, 2015). Nos alimentos, compostos antioxidantes sdo aptos a

retardar ou prevenir o processo de oxidagao.

Alguns antioxidantes artificiais como n-propil galato, BHT (butylated
hydroxytoluene) e BHA (butylated hydroxyanisole) sdo comumente usados contra radicais
livres em alimentos e sistemas biologicos, entretanto o uso destes antioxidantes artificiais ¢
estritamente regulamentado devido ao risco a saide de alguns compostos (WANG et al.,
2013). Assim, atualmente hd um grande interesse na descoberta de compostos antioxidantes
naturais como alternativa aos sintéticos para aplicacdo na conservacdo de alimentos,
desenvolvimento de dietas funcionais, formulagdes cosméticas e terapias (CHAI et al., 2017).
A principal estratégia para reduzir o dano oxidativo ¢ identificar e prover moléculas

antioxidantes exogenas que possam induzir o sistema de defesa antioxidante nas células.

Peptideos com atividade antioxidante foram descritos em diversas espécies marinhas
(CHALI et al., 2017, SENEVIRATHNE; KIM, 2012; WANG et al., 2013). Grande parte dos
peptideos com atividade antioxidante possuem peso molecular entre 500 a 1800 Da, de 2 a 20
residuos de aminoécidos e a presenca de aminoacidos hidrofébicos (A, L ou P) ou aromaticos
(Y, H ou F) (CHAI et al., 2017; LI; YU, 2015; WANG et al., 2013). Alguns residuos de
aminoacidos possuem atividades antioxidantes. A metionina por exemplo, pode ser oxidada a
metionina sulfoxido e depois desoxidada pela enzima metionina sulféxido redutase
novamente a metionina, que retoma a capacidade antioxidante inicial. A atividade
antioxidante de um residuo de aminoacido sozinho ¢ muito menor do que a de um peptideo

contendo esse residuo (LI; YU, 2015). A hidrélise enzimatica ¢ o método mais utilizado para
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a liberacdo de peptideos bioativos de véarias fontes (CHAI et al., 2017). Um estudo realizado
em residuos do peixe marinho Nemipterus japonicus mostrou que quanto maior o grau de
hidrolise proteica, maior € a porcentagem de limpeza de radicais livres no ensaio de DPPH, a
inibicdo da peroxidacdo lipidica, o poder de reducdo antioxidante do ferro (FRAP) e a
atividade inibitoria da enzima conversora de angiotensina (ECA)(GAJANAN;
ELAVARASAN, 2016).

Peptideos com atividade antioxidante ja foram isolados de cavalos marinhos.
Hidrolisados do género Hippocampus podem limpar radicais livres e quelar metais,
suportando assim sua atividade como agente antioxidante. Guo e colaboradores (2017)
observaram que peptideo isolado de Hippocampus apresentou alta atividade antioxidante e
inibiu a geracao de radicais livres. Adicionalmente, este peptideo foi habil em limpar radicais
livres produzidos durante o exercicio excessivo e reduzir a producao de lactato (GUO et al.,

2017).

Os peptideos HGSH, KGPSW e a combinacdo de ambos, isolados de cavalo marinho
Hippocampus abdominalis, inibiram significativamente a injuria mediada por H,O, em
c¢lulas HUVEC. Estes peptideos aumentaram a expressao de heme oxigenase (HOI1) que
cataboliza heme em monoxido de carbono, ferro livre e biliverdina. Biliverdina e bilirrubina
sdo potentes moléculas antioxidantes que provém efeito de protecdo celular pela limpeza de
radicais livres. Mondxido de carbono possui acdo antiinflamatdria e anti-apoptotica em
células endoteliais. Esses peptideos também aumentaram a expressdao no nucleo e a
translocagcdo do fator nuclear eritroide 2 (NRF2), responsavel pela ativagao do sistema de
defesa endogeno contra o estresse oxidativo, e diminuiram a razdo das proteinas Bax, BCI2 e
caspase 3, diminuindo a apoptose celular. Porém ndo apresentaram resultados no ensaio de

DPPH (OH; AHN; JE, 2021).

Um dos ensaios mais utilizados para avaliar a capacidade antioxidante ¢ o de DPPH
(2,2-difenil-1-picril-hidrazil). Este ¢ um ensaio rapido e eficiente em predizer a atividade
antioxidante de proteinas hidrolisadas, fracdes e peptideos purificados. Tem sido usado para

testar a capacidade de compostos de atuar como sequestradores de radicais livres ou doadores
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de hidrogénio e assim avaliar a capacidade antioxidante (WANG et al., 2013). Neste ensaio,
ocorre uma reagao de oxirreducao, onde o radical DPPH, de coloragdo violeta, ¢ reduzido
para DPPH-H, de coloragdo amarela. A variacdo colorimétrica pode ser medida em

espectrofotometro no comprimento de 517 nm.
2. Materiais e métodos

Foram sintetizados para avaliacdo da atividade antioxidante o peptideo CNCI1, de
sequéncia DKATVKAFWDKVAPKVEDIGVQALSR, identificado em todas as amostras de
branquias de  Hippocampus reidi e o peptideo CNC2 de sequéncia
LRLPLALPLDEITGLTPFDDLADKVRY, identificado no rim de H. reidi.

A atividade antioxidante dos peptideos CNCI1, CNC2 e o padrao (quercetina) foi
avaliada pelo ensaio de limpeza de radicais utilizando 2,2 diphenyl-1-picrylhydrazil (DPPH)
de acordo com a metodologia descrita em (SCHERER; GODOY, 2009) com algumas
modifica¢des. Resumidamente 10 pl de quercetina nas concentragdes final de 25, 50, 100 e
150 uM, preparadas utilizando etanol 80% como diluente foram colocadas em triplicata em
placa de 96 pogos. Da mesma forma, 10 pul do peptideo CNC1 (2872,29 PM) e CNC2
(3055,57 PM) com 10, 25, 50 e 100 uM de concentracao final, utilizando etanol 80% como
diluente, foram colocados em triplicata em placa de 96 pocos. 10 pul de etanol 80% foi

colocado em triplicata na placa como controle negativo.

O DPPH foi preparado com etanol 80% como diluente na concentragdo final de 0,08
mM e 190 pl foram aplicados em todos os pocos contendo quercetina e os peptideos CNC1 e
CNC2. A leitura foi realizada em espectrofotometro modelo VersaMax (Absorbance
Microplate Reader), comprimento de onda 517 nm, ap6s 30 minutos e 24 horas de reagdo, em

temperatura ambiente no escuro.

A atividade antioxidante foi calculada pela férmula: % de inibigdo de radicais livres =
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[(Absorbancia controle — absorbancia da amostra)/absorbancia controle] x 100 (SCHERER;

GODOY, 2009).
3. Resultados e Discussao

A capacidade antioxidante ¢ utilizada para avaliar a eficiéncia de antioxidantes
naturais e pode ocorrer por uma série de mecanismos. Peptideos podem diretamente eliminar
os radicais livres (pela transferéncia de um atomo de hidrogénio ou elétron) ou na prevengao
de formacao de radicais livres através da quelagdo de ions metais. Antioxidantes também
podem interromper as reagdes em cadeias da peroxidagdo lipidica retardando sua progressao
(CANABADY-ROCHELLE et al., 2015; CHAI et al., 2017; ZOU et al., 2016). O peptideo
denominado CNCIl, isolado de todas as amostras de branquias analisadas, ¢ derivado da
proteina hemoglobina alpha, possui 26 residuos de aminoacidos, peso molecular de 2872,29
Da e apresenta caracteristicas de peptideo bioativo como carga +1, 46 % de residuos
hidrofébicos, 7 residuos hidroféobicos na mesma superficie e a presenca de um residuo de
triptofano em sua formacdo. O peptideo denominado CNC2 possui 27 residuos de
aminoacidos, ¢ derivado da proteina vitelogenina, possui 44% de residuos hidrofobicos, € rico
em lisina e possui peso molecular de 3055,57 Da. Estas caracteristicas sdo compativeis com
peptideos antioxidantes, a presenca de residuos hidrofobicos permite ao peptideo antioxidante
interagir com radicais livres soliveis em lipidios e retardar a peroxidacdo lipidica e
aminoacidos aromaticos podem exercer sua atividade antioxidante pela doagdo de um préton

a um radical livre elétron-deficiente (CHAI et al., 2017).

Com 30 minutos de reagdo, a quercetina, utilizada como padrao, apresentou indice de
inibicao de radicais variando de 74,36 % na concentragdo de 25 uM a 77,23 % a 150 uM, o
peptideo CNCI1 apresentou indice de inibi¢do de radicais variando de 43,63 % na
concentragcdo de 100 uM a 26,74 % na concentracao de 10 uM e o peptideo CNC2 apresentou
indice de inibicdo de radicais de 22,85% na concentracdo de 10 puM e 24,72% na
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concentracdo de 100 uM (Figura 1A). Apds 24 horas, a inibi¢do de radicais da quercetina
(150uM) variou para 73,81%, o peptideo CNC1 aumentou a inibi¢do de radicais para 69,61%
na concentragdo de 100 uM e o peptideo CNC2 chegou a 33,71% em 100 uM (Figura 1B). A
variacdo da quercetina na maior concentracdo testada no intervalo de 30 minutos para 24
horas foi de um decréscimo de 3,42% da inibi¢do de radicais livres. Neste mesmo periodo o
peptideo CNCI1 apresentou uma variacdo de 25,98% a mais de inibicdo de radicais e o
peptideo CNC2 10,86%. Essa variacdo pode indicar que ou os peptideos continuam
exercendo uma taxa de inibicdo de radicais pelo periodo de tempo testado ou ocorre uma
degradacdo do reagente durante este periodo, porém no caso de haver uma degradacao, esta

ndo ocorre igualmente entre os compostos testados.

O EC50, definido como a concentragdo efetiva da amostra requerida para alcangar
50% de atividade, pode variar significativamente mesmo nas moléculas antioxidantes
comumente usadas como referéncia (CANABADY-ROCHELLE ef al., 2015). A maioria dos
trabalhos utiliza o tempo de 30 minutos para a avaliacdo da capacidade antioxidante dos
compostos (GUO et al., 2017; MA et al., 2022; OH; AHN; JE, 2021). Nos primeiros 30
minutos o indice de inibicdo de radicais dos peptideos escolhidos ndo atingiu 50% de
inibi¢do, o peptideo CNCI1 atingiu 69,61% de inibi¢do apenas com 24 horas de reacdo.
Devido aos diferentes mecanismos subjacentes aos ensaios de avaliagdo antioxidante, uma
mesma sequéncia de aminodacidos pode apresentar diferentes resultados antioxidantes, a
depender do ensaio escolhido para a avaliacao, assim, peptideos podem apresentar resultados
antioxidantes satisfatorios em um ensaio € nao em outro. Por exemplo, peptideos isolados de
cavalo marinho foram eficientes na protecdo contra a injiria provocada por perdxido de
hidrogénio em células HUVEC pelo ensaio de MTT, porém ndo apresentaram resultados no
ensaio de DPPH (OH; AHN; JE, 2021). Em nossas analises os peptideos sintetizados nao
apresentaram resultados satisfatorios no ensaio de atividade antioxidante de limpeza de
radicais DPPH em 30 minutos de reag@o, porém outros ensaios antioxidantes sdo necessarios

para assegurar que o peptideo realmente ndo possui atividade antioxidante efetiva.
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Figura 1. Porcentagem de inibicido de radicais em ensaio DPPH. A- Inibi¢do de radicais

livres de quercetina, CNC1 e CNC2 em diferentes concentracdes apos 30 minutos. B-

Inibicao de radicais livres de quercetina, CNC1 e CNC2 em diferentes concentracdes apos 24

horas de reagao.

4. Conclusao

A andlise da capacidade antioxidante dos peptideos CNC1 e CNC2 ndo atingiram

50% de inibi¢do de radicais livres no ensaio de DPPH com 30 minutos de rea¢do, porém o

peptideo CNC1 atingiu 69,61% de indice de inibi¢do de radicais livres apds 24 horas de

reacdo na concentracdo de 100 uM.
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Abstract

Peptidomics can be defined as the qualitative and quantitative analysis of peptides in a
biological sample. Its main applications include identifying the peptide biomarkers of disease
or environmental stress, identifying neuropeptides, hormones, and bioactive intracellular
peptides, discovering antimicrobial and nutraceutical peptides from protein hydrolysates, and
can be used in studies to understand the proteolytic processes. The recent advance in sample
preparation, separation methods, mass spectrometry techniques, and computational tools
related to protein sequencing has contributed to the increase of the identified peptides number
and peptidomes characterized. Peptidomic studies frequently analyze peptides that are
naturally generated in cells. Here, a sample preparation protocol based on heat-inactivation is
described, which eliminates protease activity, and extraction with mild conditions, so there is
no peptide bonds cleavage. In addition, the relative quantitation of peptides using stable
isotope labeling by reductive methylation of amines is also shown. This labeling method has
some advantages as the reagents are commercially available, inexpensive compared to others,

chemically stable, and allows the analysis of up to five samples in a single LC-MS run.

Introduction

Omics sciences are characterized by the deep analysis of a molecule set, such as DNA, RNA,
proteins, peptides, metabolites, etc. These generated large-scale datasets (genomics,
transcriptomics, proteomics, peptidomics, metabolomics, etc.) have revolutionized biology
and led to an advanced understanding of biological processes'. The term peptidomics began
to be introduced in the early 20th century, and some authors have referred to it as a branch of
proteomics®. However, peptidomics has distinct particularities, where the main interest is to
investigate the naturally generated peptides content during cellular processes, as well as the

characterization of biological activity of these molecules®*.
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Initially, bioactive peptide studies were restricted to the neuropeptides and hormone peptides
through Edman degradation and radioimmunoassay. However, these techniques do not allow
a global analysis, depending on the isolation of each peptide in high concentrations, time for
the generation of antibodies, besides cross-reactivity possibility’.

Peptidomics analysis was only made possible after several advances in Liquid
chromatography coupled mass spectrometry (LC-MS) and genome projects that delivered
comprehensive data pools for proteomics/peptidomics studies®’. Moreover, a specific peptide
extraction protocol for peptidomes needed to be established because the first studies that
analyzed neuropeptides globally in brain samples showed that detection was affected by the
massive degradation of proteins, which occur mainly in this tissue after 1 min post-mortem.
The presence of these peptide fragments masked the neuropeptide signal and did not represent
the peptidome in vivo. This problem was solved mainly with the application of fast heating
inactivation of proteases using microwave irradiation, which drastically reduced the presence
of these artifact fragments and allowed not only the identification of neuropeptide fragments
but revealed the presence of a set of peptides from cytosolic, mitochondrial, and nuclear
proteins, different of degradome®*”.

These methodological procedures allowed an expansion of the peptidome beyond the
well-known neuropeptides, where hundreds of intracellular peptides generated mainly by the
action of proteasomes have been identified in yeast'’, zebrafish", rodent tissues'?, and human
cells”. Dozens of these intracellular peptides have been extensively shown to have both

1415 Furthermore, these peptides can be used as

biological and pharmacological activities
disease biomarkers and possibly have clinical significance, as demonstrated in cerebrospinal
fluid from patients with intracranial saccular aneurysms'®,

Currently, in addition to the identification of peptide sequences, it is possible through mass

spectrometry to obtain data of absolute and relative quantitation. In the absolute quantitation,

the peptide levels in a biological sample are compared to synthetic standards, while in the
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relative quantitation, the peptide levels are compared among two or more samples'’. Relative
quantitation can be performed using the following approaches: 1) "label free"'®; 2) in vivo
metabolic labeling or 3) chemical labeling. The last two are based on the use of stable
isotopic forms incorporated into peptides'*. In label-free analysis, the peptide levels are
estimated by considering the signal strength (spectral counts) during the LC-MS'®. However,
isotopic labeling can obtain more accurate relative levels of peptides.

Many peptidomic studies used trimethylammonium butyrate (TMAB) labeling reagents as
chemical labeling, and more recently, Reductive Methylation of Amines (RMA) with
deuterated and non-deuterated forms of formaldehyde and sodium cyanoborohydride reagents
have been used''?"*2. However, the TMAB labels are not commercially available, and the
synthesis process is very laborious. On the other hand, in the RMA, the reagents are
commercially available, inexpensive compared to other labels, the procedure is simple to
perform, and the labeled peptides are stable™*,

The use of RMA involves forming a Schiftf base by allowing the peptides to react with
formaldehyde, followed by a reduction reaction through the cyanoborohydride. This reaction
causes dimethylation of free amino groups on N-terminals and lysine side chains and
monomethylates N-terminal prolines. How proline residues are often rare on the N-terminal,
practically all peptides with free amines on the N-terminus are labeled with two methyl

groupS23,24,25

Protocol

The following procedure for peptide extraction and reductive methylation was adapted from
previously published procedures***2%?7, This protocol followed the guidelines of the National
Council for Animal Experimentation Control (CONCEA) and was approved by the Ethics
Commission for Animal Use (CEUA) at Bioscience Institute of Sao Paulo State University.

The protocol steps are shown in Figure 1.
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NOTE: Prepare all aqueous solutions in ultrapure water.

1. Peptide extraction

1. Cell culture

1.

Cultivate SHSYSY cells in a 15 cm dish at 37 °C under 5%
CO2 in Dulbecco's modified Eagle's medium containing 15%

fetal bovine serum and 1% Penicillin-Streptomycin.

. Use 2-3 plates for each sample. Grow the cells to 100%

confluence.

. After treatment intended, wash the cells twice with

phosphate-buffered  saline. Next, add 10 mL of
Phosphate-buffered saline, scrape the cells and collect into a 15
mL tube.

Centrifugate at 800 x g for 5 min and remove the supernatant.
Resuspend the pellet in 1 mL of ultra-purified deionized water
at 80 °C.

Transfer the contents of the tube (cellular lysate) to a 2 mL

microfuge tube.

2. Animal tissues (mainly nervous tissue):

1.

Anesthetize wild-type male adult Danio rerio (zebrafish) with
a lethal dose of MS 222 (100 mg/L) and immediately subject it
to 8 s of microwave radiation to inactivate peptidase and
protease.

NOTE: A household-type microwave oven can be used. A 900
W microwave was used for 8 to 10 s at full power. The
microwave used must be able to raise the brain temperature to

> 80 °C within 10 s. Reproducibility in heating between
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samples would also be benefited by placing the tissue in the
same location in the microwave.
2. After heat-inactivation, collect the whole brain in a 2 mL
microfuge tube and freeze at —80 °C until analysis.
3. Resuspend the tissue sample in 1 mL of ultra-purified
deionized water at 80 °C. Sonicate the tissue with a probe
using 30 pulses (4 Hz) of 1 s.
NOTES: For liver and kidney tissues, use a mechanical
homogenizer at 10,000-30,000 rpm for 20 s. For muscular
tissues, grind the tissue in liquid nitrogen using a porcelain
crucible and pestle. The following steps are the same for the
cellular lysate or the homogenate tissue.
Incubate the cellular lysate or homogenate tissue at 80 °C for 20 min. Next,
cool it on ice for 10-30 min.
Add 10 pL of 1 M HCI stock solution for each 1 mL of sample volume to
obtain a final concentration of 10 mM. Mix by vortexing for 20 s and further
incubate on ice for 15 min.
NOTE: Before acidifying, ensure the sample is completely cooled to avoid
breaking the peptide bonds caused by acidification at elevated temperatures.
Centrifuge the cellular lysate or the homogenate tissue at 12,000 x g at 4 °C
for 15 min. Collect the supernatant in low binding protein microcentrifuge
tubes and store it at -80 °C.
Clean the ultrafiltration devices (10 kDa cut-off filters) by adding water and

centrifuge at 2300 x g for 3 min. Repeat this step two more times.
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7. Place the supernatant in the pre-washed 10 kDa cut-off filters and centrifuge

at 2,300 x g at 4 °C for 50 min in a refrigerated centrifuge. The flow-through

represents the peptide extract.

8. Desalt the samples on reversed-phase cleanup columns according to the

manufacturer's instructions using acetonitrile (ACN) and trifluoroacetic acid

(TFA) solutions as described below:

I.
2.

Equilibrate the column with 1 mL of 100% ACN.

Wash the column with 1 mL solution of 5% ACN with 0.1%
TFA.

Load the complete volume of the sample in the column.

Wash the column with 1 mL solution of 5% ACN with 0.1%
TFA

Elute the peptides from the column with a 1.8 mL solution of
100% ACN with 0.15% TFA in protein low binding

microcentrifuge tubes.

9. Dry the sample completely in a vacuum centrifuge. Set the concentration

method for organic solvents and temperature at 30 °C. The concentration time

1s monitored on display.

1.

Store the samples at —80°C until the next step.

2. Peptide quantification with fluorescamine

NOTE: The amount of peptide can be estimated using fluorescamine at pH 6.8 as previously

described'?®. This method consists of the attachment of a fluorescamine molecule to the

primary amines present in the lysine (K) residues and/or the N-terminal of peptides. The

reaction is performed at pH 6.8 to guarantee that the fluorescamine reacts only with the amino

groups of the peptides and not with free amino acids. The fluorescamine is measured by using
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a spectrofluorometer at an excitation wavelength of 370 nm and an emission wavelength of

480 nm.

1.

Prepare different concentrations of the standard peptide (0.05, 0.1, 0.15, 0.2,
0.3, 0.5 and 0.7 pg/pL) and store the aliquots at -20 °C.

NOTE: The peptide 5SA (LTLRTKL) is suggested since it has a known
composition and concentration.

Prepare fluorescamine stock solution (0.3 mg/mL) in acetone. Aliquot quickly
in microcentrifuge tubes (1 mL), seal using parafilm, and store at -20 °C in the
dark.

Prepare 0.2 M Phosphate buffer (PB) at pH 6.8.

NOTE: Prepare 0.2 M PB by adding 0.1 M phosphate buffer pH 6.8 (26.85
mL of Na2HPO3 1M) and 0.1 M phosphate buffer pH 6.8 (23.15 mL of
NaH2PO3 1M) to 250 mL of water

Resuspend the peptide samples in 100-200 pL of ultra-purified water.

Pipette 2.5 pL of the standard peptide concentrations and samples onto the
white 96-well plate for fluorescence assays in triplicate. Add 25 pL of 0.2 M
Phosphate buffer.

Add 12.5 pL of fluorescamine with a multichannel pipette. Homogenize
gently for 1 min on the orbital rotator shaker.

Next, add 110 pL of water with a multichannel pipette to stop the reaction.
NOTE: Transfer the fluorescamine stock solution and ultrapure water to two
reservoirs to pipette these solutions with a multichannel pipette.

Adjust the following reading parameters on the spectrofluorometer: Read the
samples from the top, excitation wavelength at 370 nm, and emission
wavelength at 480 nm.

Read the plate on the spectrofluorometer.
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3. Reductive methylation of amines labeling
NOTE: This isotopic labeling method is based on the dimethylation of amine groups with
deuterated and non-deuterated forms of formaldehyde and sodium cyanoborohydride
reagents. The final product of this reaction adds 28 Da, 30 Da, 32 Da, 34 Da, or 36 Da to the
final mass of each peptide at each available labeling site (lysine or N-terminal). This reaction
produces an m/z difference in the peptides labeled with different forms observed in the MS
spectrum (Table 1).
CAUTION: Proper safety equipment should be used to handle these compounds, and care
should be taken to minimize exposure. Procedures with formaldehyde and sodium
cyanoborohydride reagents should be performed in a fume hood because they are very toxic
(including weighing the sodium cyanoborohydride). During the quenching reaction and
acidification, a toxic gas (hydrogen cyanide) may be generated.
1. Prepare the following fresh solutions from the stock or reagents on the day of
the procedure in ultrapure water:
1. Dilute the stock of 37% Formaldehyde (CH20) to 4%.
2. Dilute the stock of 20% Formaldehyde Deuterated (CD20) to
4%.
3. Dilute the stock of 20 % Deuterated C13 Formaldehyde
(13CD20) to 4%.
4. Prepare 0.6 M NaBH3CN.
5. Prepare 0.6 M NaBD3CN.
6. Prepare a solution of 1% Ammonium bicarbonate.
7. Prepare a solution of 5% Formic acid.
NOTE: Regarding the relative quantitation of peptides, as
different experimental schemes can be performed depending

on the number of labels used, attention is necessary during the
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chemical labeling procedure. It is recommended to separate
small aliquots of the labels in separate racks with the
respective samples to be labeled to reduce the potential for
human error in adding the wrong reagent to the sample tubes.
Prepare each sample containing up to 25 pg of the peptide. Samples must not
contain Tris or Ammonium Bicarbonate.
NOTE: The quantities described below are sufficient for each sample in a
volume of 100 pL.

Proceed with steps 3.3-3.8 in a fume hood.

. Add 1/10th volume of 1 M TEAB to the samples (final concentration of the

solution 100 mM of TEAB). Check the pH with a pH indicator paper; it must
be between 5-8. Adjust with HCI or NaOH if needed.

Add 4 pL of non-deuterated, deuterated Formaldehyde or C13 deuterated
Formaldehyde according to the established labeling scheme. Mix for 5 s by

vortexing.

. Add 4 pL of NaBH3CN (0.6 M) or NaBD3CN (0.6 M) according to the

established labeling scheme. Mix for 5 s by vortexing.

Incubate in a fume hood for 2 h at room temperature, mixing every 30 min.
Repeat steps 3.4 and 3.5. Incubate the samples in a fume hood overnight at
room temperature.

Add 16 pL of Ammonium bicarbonate (1%) and mix by vortexing. Place the
sample on ice, add 8 pL of formic acid (5%), and mix by vortex for 5 s.
Combine the samples, adjust the pH to 2-4 and desalt the combined samples

on reversed-phase cleanup columns as previously described in step 1.8.
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10. Dry the sample completely in a vacuum centrifuge. Set the concentration

method for organic solvents and temperature at 30 °C. The concentration time

1s monitored on display.

11. Store the samples at -20 °C.

4. Liquid chromatography and mass spectrometry

1.

Perform LC-MS analysis using a nanoHPLC system coupled to a MS
instrument compatible with methyl tags.

NOTE: A variety of MS instruments are compatible with RMA labeling. A
nanoHPLC system coupled to Orbitrap is typically used to perform LC-MS
analysis through a nanoelectrospray ion source. First, the sample is loaded
into a precolumn and peptides separated in an analytical column. The elution
of peptides is performed using a linear gradient of 5%-45% acetonitrile, in
0.1% formic acid, during 90 min, with a flow of 200 nL/min. The mass
spectrometer is set to function in data-dependent mode. Each full scan is
acquired at an intensity of 10-30 eV, 2.3 Kv, and then the ten highest peaks are
selected for collision-induced dissociation (CID) fragmentation. The injection
time is set on the ion trap at 100 ms, and the Fourier Transform (FT)-MS
injection is fixed with a resolution of 1000 ms 30,000 at m/z 300-1800. A
minimum of 5000 counts and a dynamic exclusion of 70 s is used to perform

fragmentation scanning.

5. Relative quantitation of peptides

NOTE: The MS spectra are analyzed in the mass spectrometer software. Peak groups of

labeled peptides with different tags are identified in the MS spectra. The relative quantitation

is calculated by the intensity of each monoisotopic peak. Each treated group is compared to

the respective control group.
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Right double-click on the raw sample file to open the spectrum analysis
software. Load the Retention time (RT) and MS spectrum (EM)
chromatograms in two tabs, top and bottom, respectively.

Right-click once sequentially on the Display and Mass options icons in the
software toolbar and set the mass precision to four decimals.

Position the mouse cursor anywhere on the RT tab. Look for the retention time
of the corresponding ion to be analyzed and click the right mouse button. The
MS spectrum of the selected time will automatically be shown in the EM tab.
Position the mouse cursor anywhere on the EM tab. Look for the ions to be
analyzed.

Right-click and hold in an adjacent region to the left near these ions. Then,
drag the mouse to the right at the desired range to zoom the region of interest.
Keep the mouse positioned on the EM tab and click on the right or left
keyboard arrows to define the range of ions to be analyzed.

Position the mouse cursor the RT tab again at the beginning of the desired
time interval.

Right-click and drag the mouse until the chosen time value. Leave the button.
The accumulated intensity of the ions will automatically be shown on the EM

tab.

. Collect the m/z, z, and ion intensity data on a spreadsheet.

NOTE: The monoisotopic mass of each peptide without added methyl groups

is calculated from the following formula:

Mass unmodified peptide = (m/zaxz)-(CaxT)-(1.008xz)

m/za is the observed mass to charge value for the monoisotopic peak for each
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peptide labeled with different combinations of tags (a =1, 2, 3, 4 or 5,
corresponding to the sample number).

z 1s charge state.

Ca is the monoisotopic mass of a pair of methyl groups:

For a=1, Ca = 28.0313 (the net addition of two CH3 groups to the primary
amine)

For a=2, Ca = 30.0439 for two CHD?2 groups

For a=3, Ca = 32.0564 for two CD2H groups

For a=4, Ca= 34.0690 for two CD3 groups

For a=5, Ca=36.0757 for two 13 CD3 groups

T is the number of pairs of methyl groups incorporated into the peptide. This
can be calculated from the following formula when five tags are used:
T=z*(m/z5 - m/z1)/8. For peptides that contain a single primary amine and
therefore are labeled with only two methyl groups present peak overlaps on
the MS spectra when adjacent labels are used. The peak intensity of each
labeled peptide can be corrected using the equations described by Tashima and

Fricker®.

6. Peptide Identification

1.

To identify peptides, analyze the MS/MS data using a database search
engine”’,

To calculate the false discovery rate (FDR) using the decoy fusion method,
search a decoy database.

NOTE: The search parameters generally used are no enzyme specificity;
precursor mass tolerance set 15-50 ppm; fragment ion mass tolerance of 0.5

Da; variable modifications: reactive amines from Lys residues and N-terminus

of the peptides isotopic methylated labels (L1 (+28), L2 (+30), L3 (+32), L4
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(+34) and L5 (+36)), oxidized methionine (+15.99 Da) and acetylation
(+42.01 Da).
3. Then, sort the peptides by their average of local confidence to select the best

spectra to annotate and filter them by FDR <5%.
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Figure 1: Peptidomic studies workflow. Steps of peptide extraction and Reductive
Methylation of amines.

Representative Results

The results obtained from the runs carried out on the mass spectrometer are stored in raw data
files that can be opened in the mass spectrometer software. In the MS spectra, it is possible to
observe peak groups representing labeled peptides according to the labeling scheme used,
ranging from 2-5 labels. For example, in Figure 2, pairs of peaks detected in a
chromatographic time are represented in an experiment where only two isotopic labels were
used in two different samples in the same run. Figure 3 shows other possibilities of positive
results, using 3 and 4 different labels in each LC-MS run. When using 4 or 5 labels in an
LC/MS run, there may be an overlap of peaks of the labeled peptides with the different tags
that need to be corrected to obtain the real intensity value of each peak (Figure 4).

The isotopic labeling can also be used to show substrates and products in vitro for a given
protease or peptidase, as shown in Figure 5. Finally, different software can be used to identify
the labeled peptides, such as Peaks Studio or MASCOT. These software applications were
created for proteomic analysis; therefore, the protein quantitation data should not be
considered for peptidomics analysis, and each labeled peptide identified within the reliability
parameters must be checked and then quantified. If the peptides have been successfully
detected and labeled, these programs will provide a list of identified peptide sequences
containing the labels. Figure 6 is shown an example of the identification of a peptide
sequence done by the program. In this case, only 3 different forms of the labels (L1, L3, and
L5) were used to label three different samples separately, which were then mixed and

analyzed by mass spectrometry in a single run.
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Figure 2: MS spectrum representative of a chromatographic time accumulated in a
typical labeling experiment using reductive dimethylation of amines. In (A), the red
arrows indicate the presence of peak pairs of different peptides labeled with 2 isotopic forms
(L1 and L5) for comparison between two different samples (S1 and S2). In (B), an enlarged
image of an MS spectrum of the same peptide showing different m/z because of the use of
labels. In this case, there was no variation in the peak intensity for this peptide present in

these samples.
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Figure 3: Representative MS spectrum of labeled peptides with reductive methylation of

amines using different numbers of tags. (A) A triplex labeling was used. It is possible to

78



ik -
St UNIVERSIDADE ESTADUAL PAULISTA JRunesp

unesp “ “JULIO DE MESQUITA FILHO” Ve F IB-CLP

Instituto de Biociéncias
Campus do Litoral Paulista

observe an MS spectrum of a peptide present in 3 different samples (S1, S2, and S3) labeled
with L1, L3, and L5 tags, respectively. In this case, the level of the labeled peptide with L5
was twice the level observed for the same peptide labeled with L1 and L3 tags. (B) A
quadripex labeling was performed using the L1, L2, L3, and L4 labels. In this case, control
samples (S1 and S3) were labeled with L1 and L3, respectively, and compared with two
experimental samples (S2 and S4) labeled with L2 and L4 labels. No significant differences

were observed for this peptide between the samples.
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Figure 4: Representative MS spectrum of a labeled peptide presenting a peak overlap.

This figure shows the MS spectrum of a peptide of charge 3, mass of 2098.87 Da with a

single primary amine available for labeling. The difference between the labeled peptides is
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only 2 Da, causing an overlap when 4 or 5 labels are used in the same LC/MS run. Using a
model based on cubic polynomial equations, it is possible to correct these overlaps between
the labels. In the graph, the red bars show the average of the intensity values adjusted for this
peptide in two runs. The black bars show the average of the overlapping intensity values.

After correction, this peptide showed little variation in intensity between samples (red bars).
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Figure 5: Representative MS spectrum of labeled peptides with reductive methylation of

amines in a proteolysis study. Here, peptide extracts were incubated with 200 nM and 20
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nM neurolysin to characterize their substrates and products. For confirmation of the result,

two LC/MS runs with Forward and Reverse labeling strategies were performed. In the second

run the position of the samples is changed in the labeling procedure in relation to the scheme

used in the first run. In A, it is shown a peptide that does not change (NC) in the presence of

the neurolysin enzyme. In B, a peptide that disappeared in the presence of a high

concentration of the enzyme (S2) and that showed a small reduction in the low concentration

of the enzyme (S4) in both forward and reverse labeling. This peptide is considered a

substrate (SB) of the enzyme. In C an example of a peptide that was considered a product

(PD), because its concentration was increased (S2 and S4) in the presence of the enzyme.
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Figure 6: Representative MSMS spectrum and identification of a labeled peptide

performed by a database search engine. In this example, it is possible to observe 2+ ions

with m/z 672,3802, 676,4045, and 680,4241 corresponding to a peptide of the same mass
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labeled with the L1, L3, and L5 methylated forms, respectively. This sequence

ADQVSASLAKQGL was identified through the MS/MS spectrum as a fragment of the

microtubule-associated protein tau isoform X1. This peptide has the N-terminal and a lysine

available as labeling sites adding a mass difference of 8 Daltons between the labeled peptides.

The MS spectrum of this peptide is shown in Figure 3A.

Sample H2CO D2CO D213CO NaBH3CN NaBD3CN Label
2x4pL 2x4puL 2x4pL 2x4pL 2x4pL code

1 X X L1

2 X X L2

3 X X L3

4 X X L4

5 X X L5

Additional Mass

(Da)

28.0313

30.0439

32.0564

34.069

36.0757

Table 1: Reagents of a typical experiment using the indicated combination of deuterated

and non-deuterated forms of formaldehyde and sodium cyanoborohydride.
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Discussion

In most peptidomics studies, one of the critical steps is, without doubt, the sample preparation
that should be carefully performed to avoid the presence of peptide fragments generated by
proteases after a few minutes post-mortem. The initial studies on brain extracts prepared from
non-microwaved samples showed a large number of protein fragments to be present in the
10-kDa microfiltrates. Different approaches have been described to avoid peptide spectra
from protein degradation: focused microwave irradiation animal sacrifice®®, cryostat
dissection followed by a boiling extraction buffer’’, and post-sacrifice microwave-irradiation
of tissue using a household type microwave oven®?. For cell culture and some tissues, the
protease inactivation can be done directly by adding water at 80 °C. However, some samples,
such as nervous tissue, can be more sensitive to post-mortem change, and protease
inactivation by microwave irradiation has been indicated as a choice method. Furthermore,
another important point during the peptide extraction is to make sure that extracts are ice-cold
before adding acid to prevent acid-labile bonds from breaking, like cleavage of Asp-Pro
bonds®.

Different strategies can be used for the relative quantification of peptides, but none of them
can be considered completely ideal. To choose the method to be used, the researcher must
consider factors such as availability of hours of use in the mass spectrometer, commercially
available and costs of labeling reagents, and ease in analyzing the data obtained'”*2%%, The
label-free method has been widely used but requires many hours in the mass spectrometer. It
is necessary to inject technical replicates for each sample and depends on chromatographic
reproducibility among the samples. Other chemical labeling reagents, for example, ITRAQ
(isobaric tags for relative and absolute quantitation) and TMT (tandem mass tag), are
expensive and only provide quantitation of peptides selected for MS/MS analysis**~*,

The major limitation of relative quantification through chemical labeling using RMA is the

overlap that occurs for some peptides when performing a protocol using 4 or 5 labels at the
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same run resulting in mass differences of 2 Da for peptides with a single primary amine and 1
Da for peptides with N-terminus proline and no internal lysine residues. However, Tashima
and Fricker (2018) developed a model to correct isotopic overlapping based on cubic
polynomial equations®, which get the correct intensity of the labeled peptides in the samples.
Furthermore, not all peptides can be seen by RMA. For example, some peptides lack an
N-terminal free amine due to acetylation, pyroglutamylation, or another modification. If
internal lysines are also absent in these peptides, they will not be labeled by the RMA reagent
and will appear on the m/z spectra as unquantifiable single peaks®’.
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CONCLUSOES

1.

O peptidoma de branquias de cavalo marinho H. reidi obtido através da inativagao
rapida de proteases pelo calor revelou um conjunto de peptideos constituido de muitos
fragmentos de proteinas intracelulares provenientes do citosol, nucleo e mitocondria.
Muitas das sequéncias encontradas mostraram tamanhos e caracteristicas similares ao
peptidoma de tecidos de outros organismos, onde foi usado o mesmo protocolo.
Entretanto, o processamento proteolitico analisado mostrou diferencas, como a
prevaléncia de fragmentos internos da proteina precursora e a predomindncia de
residuos bdsicos, como a arginina e a lisina, na posicdo P1 de clivagem. Estas
diferengas podem estar relacionadas com algumas fungdes das branquias, como a
resposta imune inata, com a geracdo de possiveis sequéncias peptidicas com acao
antimicrobiana. Além do mais, nossos resultados corroboram dados da literatura que
demonstram atividade antimicrobiana de fragmentos peptidicos de proteinas
intracelulares. Reconhecer o padrio e identificar os principais peptideos em branquias
de cavalo marinho pode resultar em um melhor entendimento de condigdes como
resposta imune, assim como proteases ¢ dinamica de proteinas. As sequéncias
identificadas podem revelar novos peptideos terapéuticos.

A analise da capacidade antioxidante dos peptideos CNC1 e CNC2, sintetizados a
partir de sequéncias identificadas em tecidos de cavalo marinho H. reidi, nao
atingiram 50% de inibig¢do de radicais livres no ensaio de DPPH com 30 minutos de
reagdo, porém o peptideo CNC1 atingiu 69,61% de indice de inibi¢do de radicais

livres ap6s 24 horas de reagdo na concentracao de 100 uM.

A quantificagdo relativa de peptideos pelo uso de formaldeido e cianoborohidreto em
formas leves e deuteradas permite identificacdo de até 5 amostras em uma Unica
analise pelo sistema de cromatografia liquida acoplada com espectrometria de massas.
Os reagentes sao comercialmente disponiveis, acessiveis € quimicamente estaveis. A
marcacao de até 5 amostras simultaneamente permite a comparacao de tratamentos e

analises de substrato e produtos para diferentes proteases e peptidases.
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Characterization of Intracellular Peptides
from Zebrafish (Danio rerio) Brain

Caio Mathsus Manzi Teixeira! Claudia Neves Correa,' Leo Kai lwai”
Emer Suavinha Famo® and Leandro Mariovani de Castra’

Abstract

Feptides represent a large class of cdl signaling molecules, and they are mainly produced by the classical
secretory pathway or during protein degradation. The peptide profile of Dania rerio (zebmfish) shows a lack of
information when compancd with other consolidated animal models. The aim of this work was to characterize
the peptide profile of zebmfish brain by using triplex reductive methylation of amines labeling and liquid
chromaiography coupled to cloctron spray mass spectrometry. A total of 411 peptide fragments were detected
and 135 peptide sequences could be solved. Funther analysis sug gested that most of the peptides were fragments
of intracellular cytosolic and mitochondrial proteins, and that 0% of the precursor proteins were cleaved at
cither their N- or C-terminal. The most common residue in the P1 position was leucine whereas other common
residucs wene lysine, alanine, arginine, and phenylalanine. Rare cleavage sites at P1 position wene histidine,
glutamic acid, and isoleucine. The peptide profile of zebrafish brain has similarties with results previously
described in mice hmmin 'Pt'Ftid:ﬁ']’)t studies. Thus, this study represents an imporumt haziz for the moleonlar
understanding of zebrafish and its use a5 a model for human dizeases.

Keywords: intracellular peptides, peptidome, nervous system, Mass spectromatry

Introduction

P'EPTmB ARE DEFINED & polymers of aming acids with
<1l Mk and represent a large clas of cell signaling
milecules pretent in all living organians from planis to
mammak. Menropepiides, pepiide hommones, and growth
factors are the best undersiood bioactve peplides because of
Heerr vl vedment an newamnodnlEion, el anan Bien,
cell outgrowth, cell survival, and hormonal signaling.” These
pepides may alwo patcpate in regulating a vanety of
physiologic systems, including feeding” circadian thydun,*
jam, aﬂlﬁd_‘,‘,omld |r|dalmh:|n.“

These so-called “clasical’ peplides are nitally wans-
laed in the endoplasme retcuum a3 an machive precursor
protein, moued through the Golgl, and proce ssed into peptides
within secretory gramules that are, subsequently, released by
exacytose” " These peptides bind, by affinity to their re-
ceplirs on the membrane of the target cell, initiating an in-
tracellular signal transduction cascade 2

In addition to newopeptides and pepides hormones pro-
duced from limited proteolyss in specific comparments of

the secreiory pathway, the advance of mass spectrometry
technolegy in the past decade, together with sccessfl
technigues of peplide exiraction avoiding prolein degrada-
ton," ™7 has allowed the identification of 2 gecific pep-
tide st derived from eyosolic, nuclear, and mitochondrial
Prodeins in mice Innn.u mamma han cell hJ!e,wmld., mime
recently, in yesst Sacchanmyees e pevisioe” Nearly 300%—
S0% of the peplides sequenced in these peplidome studies
were identified & N- or C-emminal fragments of proteins and
not inernal fragments, ™ Further, cell lings treated with
professome inhibitors such & epaxomicin or bontezomib
alter the balance of inracellular peptides, sugpeding hat
these peplides ane profeasome products andfor aubatrakes

Some inracellular peptides, after being chemically syn-
theared and reintrodoced inks mammalan cells, are able o
regulate signal transducton,™ glicose uptake, ™ and inira-
cellular caleium level™, podentiake inkerferon-y ar.'hvlwl"s;
and nduce cell death in several mor el ™

The Danie rerie (zebrafish) & 2 fresh waker pede of
teleoaen fish native from Asia et hes beennsed 5 3 vene brate
ol in the developamental biology, toxicology, and biomedical

:'Bim::ie:rte Insitme, 830 Pagk Stte University, 530 Vicene, Bozil.
“Special Lahorany of Applied Toxinology, Center of Toxins, Immme Respomnse and Cell Sigrafing, Bmanon Instime, 530 Paglo,

1un'|me:l af Prarmacalogy, Biomedical Science Inmtime, Univesity of 530 Pank, 530 Faalo, Brail
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Redescription of the tadpole of Iierepa tasphora (Miranda-Ribeire) (Anura:
Cycloramphidae)

PEDRO HENRIQUE ARECO GOMES MOURA!, SERGIO DA ROCHA ALVES JUNIOR. DANIELA DAS GRACAS

CES0OUZAE SOUSA, CLAUDIA NEVES CORREA & IVAN NUNES

o Paule Ssaie Untversiay (UNESP), fnstioure of Biosciences, Herpeiology Lab (LHERP). Propa njasse Dom Hemrigue, s, Pargue
Bearw, |1 I50-0N, S8 Heenre-SF Brasil

‘Correspomding authar Bl pedeo b souna@umesn br

Thergpa Cope is an amuran gemss of the famity Cycloramphidae that comprises six species of small rock frops peculiar
for the semiterrestrial habits of their lanvas, which develop on wet rock environments distrituted throughout sastem and
southeastern Brazil (Bokermann 1945, Frest 2019). Current knowledse on their tadpoles reliss mostly on their dascrip-
tions, namely the works of Bokermarn (1945) for T i Cochran and T petmopolinmae (Wandolleck), Caramazchi &
Sazima (1984) for I meradympanem Caramaschi & Sazmima, Cocroft & Hever (1988) for I saeannils Cocroft & Hever,
and Barth {1958) and Fatorelli et al (2018) for T milimds (Spix). Thorapa mmophora (Miranda-Ribeire) Bdpales were
ariginally described by Bakermann (1965) as T mdlfaris, but seweral features were overlooked. In additon, T seaphora
was recently remeoved from the synonymy with T miliards (Feio et al. 2006). Herein, we present a complete redescription
of the tadpoles of T tmophora and provide comparisons with previeusly published drawings and descriptions of all ather
species of the gemas.

Tadpoles were collacted from Tiha Porchat, Municipality of $30 Vicente, Sao Paulo State, on April 1 and September
12 of 2017. They were preserved in 5% formalin and housed in the Amphibians Collection of the Herpetology Labara-
tory (LHERP) of 530 Paulo State University (UNESP). Institats of Biosciences, Sio Vicente, under registration mumhers
HCLP-A 047 (one specimen used for description and fipme drawing), HCLP-A (08 and HCLP-A 037 (seven and 16
specimens, respectively, used to describe varmation between them). Development stages of fadpoles were determimed
accarding te Gosner (1960). Meorphological temminology follows Altiz & MeDiarmid (19980, Measurements (in millim-
eters) of fadpoles followed Mercés & Tunca (2010): TL (total lenzth); BL (body length). BH (body beizhf); BW (body
width): Tal {ail lenzth); TH (tail height); TWH (tail mosculatore heizht): TMW (@il musculatore width); DFH (dersal fin
height), VFH (ventral fin height). ND (nostril diameter), OD (orbit diameter); InD) (mternarial distance]); IoD) (interorbital
distance); NED {nostril-eye distance]); SHD (spout-nostril distance); SED (snout-eye distance); ODW (oral disc widdh):
55D (spiracle-snout distance). TL, BL and Tal were taken using a caliper (precision 0002 mo). AL others were taken with
ZEISS ZEN Digital Imaging Software and ZETSS Discovery VE stereomicrescope (precision (.01 mm) with attached
ZEISS Axiocam ERc 35 (5 MP) camera WD was taken by the axis of largest diameter of the strocfure.

Tadpaole description. Meazurements of adpoles are presented in Table 1. At Stage 39, body oval in dorsal view, with
shight middle constriction. and oval in profile, wider than high (Fig. 1A and 1B). Posterior margin of belly extended into
flap that cowers the vent tobe (Fig. 1C). Snout prominent, rounded in lateral view and rounded in dorsal view. Eyes dorsal
and large. Nostrils small, elliptical, both directed and located dorsolateralty, at the half distance from the tip of the mnout
to the eye Spiracle is single (Fig. 14), short, namow, sinistral and located at the end of the first half of the body, below
the lateral midline Centripetal wall of spiracle tube absent; spiracle opening narow, without skin projection and dirscted
posterodorsally. Medial vent mabe shart, artached to the tail fin. Long @il, with thin tail nmsculanrs tapering to a poimnted
tip. Very low dorsal fin, continuous, arising at the final quarter of the fail Ventral fin originates at the end of the body,
fiattened at the first half and higher than dorsal fin. Oral disc veniral and almest as broad as head anteriarly (Fig. 1D).
Lahial tooth row formmla (LTEF) 2(2)73(1). A2 and P] rows internapted medially by 2 namow gap. Belative row lensth AL
=42 =Pl =F2=P3 Singlerow of marginal papillae regularly disposad on lateral and lower portions of oral disc; lateral
papillae are longer and wider than posterior ones. faw sheath keratinized and finely semated; very narrow, “U shaped
upper and lower jaw sheaths; lateral processes of uppar jaw sheath wider than thoza of the lower one.

Accepred by F. Candiori: 8 Jul. 2019; publizhed: 14 Aug. 2019 397
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Peptide Profile of Zebrafish Brain
in a 6-OHDA-Induced Parkinson Model

Louise Qliveira Fiametii! Claudia Neves Comea,® and Leandro Martovani de Castro’™

Abstract

Parkinson's discase (PD) is a chronic neumdegenemtive disorder mainly attributed to the pmogressive loss of
dopaminergic neurons in the substantia nigra, which leads to uncontrolled vohmtary movements causing
tremors, postural instability, joint stiffness, and specch and locomotion difficultics, among other symptoms,
Previous studies have shown the participation of specific peptides in neurode generative diseases. In this context,
the present work analyzed changes in the peptide profile in zébmfish bmin indoced to parkinsonian conditions
with &hydmoxydopamine, using ispiopic labeling techniques plus mass spectrometry. These analyses allowed
the relative quantitation and identification of 118 peptides. Of these, nine peptides showed significant changes,
one peptide was increased and eight decreased. The most altered sequences weme fragment of cytosolic and
cxiraccllular protcins rclated to lipid metabolism and dynamic cytoskclcton, Thesc msulis open now per-
spectives of study about the funcion of peptides in PD.

Keywaords: peptidomics, neurodegencrative discase, zehrafish, mass spectrometry

lInbrodiu cticm

ARKINGOHN & DEEASE (PIV) 5 the fecond mdml com inon ape-
relsted nenrodegenerative disonder that affects ~ 19%-—2% of
ithe populstion older than & years, with a predicted § I

molecules are disribuied widely throughout the central and
peripheral nervos systems, which fimetion a3 endogenos
active dubitances with the ababty 1o regulae neunonal activi-
1y "% It has been shown that many 1Ir_‘ll.'lﬂ]l:'pl‘l‘iﬂ may be

of mine milion people by 200530 It & dmaﬂ—mmd by e
mane selective lois of dopaminergc newons in e nddanta
nigra (SM), with the pesence of Lewy bodies, composed of
asdynclen, which become mufolded sccumulations in the
nervious system and microgBosis M As these newons play a key
role in cmrolling voluntary movement, the clinical sympioars
abserved are motor disabiities, such &3 rgidity, aldnesta, les-
dyldnesia, resting wemar, and postural shaormalites” Funther-
mime, mctural stmonmakities in the central nervioas. syste m akao
ccour, mainly in the upper parietal, dorsolsteral frontal and an-
lerior cingulale conex regions, resilling in several nonmator
Sy, &8 oognilive distirances, ™

Pathogenests of PD invelves several facton and the gudied
under] ying pathways include components relastsd o mitodhon
il proes soamal and swiophagy dysfunction, protein aggnegs-
tom, coum ine metsbolivm, and axidative siresa ™™ However,
ithe cellular mechanims involved in synaptic dysfunction ne-
spemd e fior the muain symptoms are not fully undersiood.

There are many newrochemical modulstors hat can exen
memopraective effect, which nclude peptides.™** These

atedd with the ]mjmﬂg-amh%:v uu#}dg,g-azmv-:
disesses, such a3 Alsheimer disease’ " and retinal disesse ™

Specific peptides have been found to be impontant for the
regulation of eell mrvival in different newonal sysems ™™
In the 1-methyl-4-phenyl 1,23 6-tetralydropyrdine  hydoo-
chloride { MPTPndoced degeneration of dopam inergic neu-
fons i mace, the nennopeplide, a diszepam-binding
inhildtor-deri ved peptide, exens a palent nensoprotective ef-
feet through mechanans invoelving downnegulation d neu-
minflammatory, oxidstive, and apopiotiec process™ The
neuropeptide pimitery adenylae cyclase activating polypep-
tide ako showed neumtrophic and newopntective effects n
G-hydroxydopamine ( GOHDAR nduced lesion of SN
O the contrary, aocumulation of peptides ane linked with the
etiology of neurodepenerative ditestes, & peptides derived
fromm a-aymclen udumd microghal activation and mito-
chondrial dysfunction. ™

A mecent peptide analysis performed by Van Camp er al.
identifbed 105 neuropepides in the pebrafish brain™ In ad-
dition, our team detected the presence of ~ 300 peptide frag-
mens, of which nearly 100 sequeences were charactenzed

"Em:zn:e Instizmte, Sao Pagk Smte University (UNESP), Sa0 Viceme, Brail

*Rindiversity of Comnl Emimomems Postgn
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Differential physiological responses of a biogenic silver nanoparticle
and its production matrix silver nitrate in Sorghum bicolor
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Abstract

Silver nanoparticles {AgNP ) have boen extensive by applied indiferent industrial sress, mainby de o teir antibiotic propenties.
Ome of the envirommental concerns with AgNP isis incomectdisposal which might lead o severe environmental pollution. The
interplay between AgNP and planis & receiving increasing atiention. However, litte i known regarding the phyiodoxic effects of
biegenic AgWF on emestrial planis This sudy aimed tocompane the effecs of a biogenic AgNF and AgNOy, in Sorghum bicolor
soadlings. Seeds were germ inated in increasing concentrations of a biogenic AgNP and AghOy (0, 10, 100, S04, and 100 ph)
ina growthchamber withcoinol led conditions. The establishment and development of the seedlings wene evalusied for 15 days.
Physiokgical and mompho-anatomical indic siors of sress, enzymatic, and non-enzymatic antioddeants and phoiosmithetic yvields
were asmessad. The nesults showed that both AgNP and AghOy, distrbed germination and the establishment of sorghem
seadlings. AgNOH relessed mare free Ag™ spontnecusly commed o AgNP, promoting incressed Ag™ toxicity. Furtheanaore,
plnis exposed i AgNP triggered mone efficient prolective mechanisnms compared with planis exposed o AgNOy. Also, the
topology and comectivity of the comelation-based networks wene mode impacied by the exposare of AgMOy than AgNP. In
oonclsion, it & plausible o sy that the biogenic AgNP is less toic to sorghum tan its matrix AgNs.

Keywords Antioxddant metabolism, - Aspergillier sebingenss, - Manomateriak, - Photoprotection, - Resctive oxygen species

Introduct ion bulk counterpant { Ag™), and extensive research ontheir ¢ ffects

on living systems, incuding plants and other organiama, has

Silver nanoparticles (AgNP) are used shundandy in industry
and daily life products due to their particular anti-biological
properties (Vislwakarmaet al 2017, Geranio et al. 2009, Yan
and Chen 201 9). AgNP are significantly dif Erent from their
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been carried out recenty (Bennand Weste dwoff 2008; Mueller
and Mowack 20408; Band et al 200 6). Modeover, nand-green
approaches have been imesigaied and applied to produce
AgNP with less environmental impact. According o Foy
et al. (2019), plans, algse, bacteria, yeasts, and fungl have
big-active molecules that redwoe salis from silver (Ag™)
metallic slver Ag”®, and subsequently stabilizing them by coat-
img the panticle with organic materiak. The coating has a mul-
tifunctional pupose preventing nanoqaricle agelomeration,
decreazing toxicity and improving antimicrobial activity
(R et al 2019,

According o the 2030 Agenda for sustainable develop-
meni planned by the United Nations, objective 12 neinforoes
the necessily 1o create mnovative stralegies for responsible
oconsmption and production pattems {Aghedahin,d 2009). In
this contest, the bogenic synthesis of AgNP i an important
eoondmic and ecological alternative to produce this
nangmakrial in a large scale (Fhang ot al | 20000 Pungi ane

€] Springer
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Introduction

Abstract

The minazlized dermal kyer (MDL) is Bund m meest tamesirizl amrams. Bs thick
mEsSs repressmEs <m average up to 8% aof dmt of the emire skin. It has heen pro-
posed thet it may raluce body waier loss, act on homessisis, support skin
stroctue, or omverssly, it mey be a curemily Emctimles teil comtrainad by
o’ ewolutonary hisiory. We descrined the MDL morphology of 11 Brachy
cephalus species, temestrial, miniturized md microendamic anumns, and esed for

its rdationship with dimate of higher latitude regions of the Athntc Ranforst of

Brazl All spedes presemted MDL, descrited with two distinct maphalogicl pat
ferms: homogeneous or hetaogencous MDL, the latier didmguishable by MDL
with domal or kisal exension, sometimes up to the limit of the epidemis and
comgrismg w o 5% of the ticdmeses of the entire skin. Oimake differal
hetween locations by MDL marphological gmup, less rainy or seasomally less radmy
whem species with heterogeneous MDL ooowr. Our nesuls indicate thet the abun
dene of @ldun m MDL and is heerogeneous omditon suggest its adaptive
fmaion in mduce water kes. Such alapttions m ammans in very humid highlands
remforee the mouniins’ propensity for rapid los of hunadity, demystifying them
23 an exiremely abundent sorce of water. This & the thind stedy that tesied the
rebtionship between the MDL mophalogy and the emvironment where i
oo and the firgt that comelatad fhis structure with the climate of anurans of the
same habit and distributed in 2 singke hahitt, #e Afdmtic Ranforest

seoretions  of gambr  ghods (e Bre(itena &
Agzeveda, 2005; Toledo & Jared, 19932).

When verchraies conqueral the temesinial enviromment, ey
hed to resolve seveml morphological problems and reduce
waier lams i the mvimmment (Tolalo & Jared, 19932). Sk
alapiatim 1o prevent waier lass of these carly animak could
include scales (Toledo & Jared 19931) and harder skin pm
vided by wssicles md bomy plates (Colbert ot al, 2001%
Amphibims have evolved a2 complicated ontogeny that estah
lishes & modemn hiph=ic cycle af life, with aquatic brvae and
teresirinl aduls (Doellman & Troueh, 1994; Sdhoch, 2009) and
e nt adaped to 2 sricly sl life (Tolao &
Jored, 19932, 19930) In addiion to mmmerous merphakogicl
tamsfomations from agquetic brvae o demesinal anuans,
amphibian skin pessemes sevenl adeplations agins debydra
tion, such as gramular venim] skin, cutmeous groves, amangs
meni af superfidal epiderme] @elk, concenimtion of cubnenus
lipids, hormomes and mucous, cutneous vasculsnimtion, and

https://doi.org/10.1111/jz0.12982

There & another particulerity @ anwan skin #hat has dawn
atiention, namely, the mineralived dermal byer (hareafier MDL;
sy Kachburian et al, 20001, also known 2s ‘cape de
Eatschenko” (sic) (Pario, 19362), ‘kmime anbrsa’  (Her
betta, 1958), FEberth-Kastschenko byer (Elkan, 1968), subcsan
f1 amopha (Elen, 1968, ground sbhsmcos (Ekan &
Cooper, 1960), amarphous kyar (Sampson et al, 1987), o
fiml layer (Tokdo & Jored, 19931), cakeified dermal loyer
(Toledo & Jared, 1993h), culaneous caloifiad loyer (Toledo &
Jared, 1993c), and ‘lminy calcarea’ (Vickayous & Sire, 2009).
MOL lies usually between the soomm spongiomm and sogmum
compacam (Elkan, 1968, Mangimne et al, 211; Schwinger
et al, 2001; Toledo & Jared, 19932, 1993h), two mnspicums
lyers that ongether with 2 vay thin third layer, called iy b
cufanea, form the anuran demis (Ellen, 1968) & is inegularly

o homagenesusly distibutal in dermis kyars, with records of

Jiurm o Jedagy NS 0N 4480 000 The Toskeg ol Secety o Landn
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Anexo 2

Rendimento e dosagem de peptideos de branquias de Hippocampus reidi

Tabela 1. Amostras de branquias de Hippocampus reidi, peso inicial e dosagem pelo
método de fluorescamine

Amostra Peso (mg) | Concentragao 10 ng
(ng/pl) (1)
Bl 48 0,63 15,8
B2 51 0,22 45,9
B3 49 0,64 15,7

140,0

120,0 y=171,01x-34304 115
R =0,9958

100,0

80,0
—Sériel
60,0 —— Linear (Série1)

40,0

20,0

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

Fig.1 - Gréfico da curva de dosagem utilizando fluorescamine para peptideos de branquias de
cavalo marinho Hippocampus reidi
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Anexo 3 - Certificados de autoriza¢io para experimenta¢io animal

CERTIFICADO

Certificamos que o projeto intitulade “Caracterizacio do perfil e atividade
biclégica de peptideos de cavalo marinho Hippocampus reidi”, Protocolo n#
02,/2021-CEUA, scbre a responsabilidade do Prof. Dr. Leandro
Mantovani de Castro e sua orientada Claudia Neves Correa, que envolve
a produgdo, manutengio efou utilizacio de animais pertencentes ao filo
Chordata, subfile Vertebrata (exceto o homem) para fins de pesquisa
cientifica (ou ensing) — encontra-se de acordo com os preceitos da Lei n®
11.794, de 08 de outubro de 2008, do Decreto n® 6.899, de 15 de julho de
2009, e com as normas editadas pelo Conselho Nacional de Controle da
Experimentacio Animal (CONCEA), e foi aprovado pela COMISSAQ DE
ETICA NO USO DE ANIMAIS - CEUA, do Instituto de Biociéncias do Cimpus
do Litoral Paulista, em reunido de 28/10/2022.

Vizénria do Projeto: 19,/03/2018 2 19/06/2022
Espécie/linhagem: Cavale Marinhe [Hippocanzpus reidi)
Kimers de animats: 5

Peso/Tdade: Wi defimido

Sexo: Maches

Origem: Natureza (Uhaniba'5P)

530 Vicente, 04 de novembro de 2022

Profa. Dra. Alessandra da Silva Augusto
Coordenadera - CEUA

imtitrtn do Bocéncin - Cimpun do Litonsd Feclisie
Fraca indente . Herrkque afnd - CEF 11950900 - o vicente [P - Brai
Tl (18} 556 T - Fax [13] 3585-Fid6 = stanpe clofiurme b
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Nidmero: TEEES-1 I Data da Emiss&o: 0062021 19:37:82 I Data da Revalidacdo®: 04/06/2022

De acordo com o art. 28 da IN 032014, esta autorizagdo tem prazo de validade equivalente 20 previsto no cronograma de atividades
do projeis, mas devera ser revalidada anualments medianie a apresentagio do relatdrio de atividades a ser erwiado por melo do
Sizbio o prazo de abd 30 dizs a contar da data do anfversaric de sua emissio.

Dados do titular

Mome: Leancro Mantcwan de Castro -II:PF: 2E7.981.058-50
Tihslo dia Projeio: Caaclenzacio do perfil e atvdade bioldgica de peplidecs de cavalo manniio Hippocampus reid

Mome da Instascio UNIVERSIOADE ESTADUAL PALILISTA IWJ: 48.031.518'0005-58
Cronograma de atividades

# || Dessoriglo da atividada IrikCia mﬁlfﬂlﬂb Firm | mmdestano]
1 | Coleta dos Cavaloes MARINHOS D720 oFr2021

I | Coleta dos Cavalkos Mannhos DEZOET oar2021

Equipe

# |Moma Fungdo CPF Macionalidade
1 | Claudia Meves Comea aluna de doulorado 25015324812 Brasieira
Observacies e ressalvas
1 A uioeracio alc sximird o o Ja pbier cude ) comeac [ da T, pORBET doi quarsia an o,
o s de dominio prasdc ou denTT don imies de unkdede de conmeacic edel CuE FOCEES de reguiarzacko Lndisna srconice-as o curss: 1] o comunidads ncigana
Camr. = B pas. clam 3 = fomm & wmeen eoigann 0032 Corasle da Delaes hacoam . cuarss. B Siad BN O e
o T Araa ia racoral v de suiced aoe marsna. quandc m da pengpans i [ -T 1T Vida

Cuparasmanio Haccral da Producio binecal quandc & PEEGERE VN & Srpioracho 3o depiaics lomilleron ou & Sdmcho on aapkcimen iesdn V1) do teglc gemicr o
unicscs o coraaraacio asscial disresl cu ool SeTe cuttas

2 O paspemndcr BTNl pocient malce sivdede de CETEC BRcE © BTG to s de sreglncis dewc & DOVID- 1R, s dedanedo pof aio da suioidade compsienia

3 | Erimmuicraacic KAD s o s oe nobaiincis com sl Sgrotnon Ak mescds 8 FAD amme ¢ peacuesdo Bl 6 o8 TeTE RS O6 LU sqape 48 racsandade te marde

i sxighnci § chis B sulcercian previtie ST SutTd mereTenics Bgsn sleSvea 5 epET e sgreidcera (Ll n T B0E, o 11 de juio de 1980 Descywin it 4. 004, o 4 o
oo o 200, s oty

4 Cos smecress bkl ses o 263 o5 0 bnikneTs pom sowncasl BoFmsdsicr. Aed nErssds 4 FAD aoma = pesoumsd e BiLiSY B S0 TEETE FRA O LUN 3608 10 N HUBARIE B e
i exighncin & ohisr B8 sulcrTaCian previling ST SulTd mEreTenicn Bgan slsSvos 30 RgETT de aprnidocra (Ll i T B0G, oe 11 de juiho de 19856 Decywio n* 4 074, oe 4 e
i o 200, e outrae)

H] Cin docurmanio soranis podend s sllesds pars on Sra sardica rairerucis Mormesvs IC B r 310014 ou ne il Mornaivs ICMBe n™ 1002309 o qus sapecfics sis
FAuorimacic, alkc podersio s ulitosc pare & O maimrad Sokgicn: ol devend s sSlandc pars siviciade Seniicas ou Sclica no

miséo bo srwing sesEian

L] An pirviinian OB CRMZC EEITHIEE POU PEMECE MStLrl ol rkic SEFEAOETE, ST od o o ETites nEcknl . 3o MpEUST. O SEEICCETENS oS FCUcE FUTasce & TSR, oo Sor obiln
Cofllr CRCDE. TOMETE. SECITEE DokgToE & NN, PECEE NgraTES dn Ol AESVE 4 CuUllrs pOpLLE, PrESET 4 PEIAS S, DhEGCE POT ITE D 38 IECATEOR & HETECEL gUS 1
CRESTET B2 sl & ofaeko U B pESCURS . SRS BSEE 3 sicercia 4o Miniskrn oe Dacie & Teowsiogis

T O itk e BoENCE ou BUICALENCED @ O MTamSon 38 §us suipe deverio opitar por meliodon S colstn 4 MEATEnion 38 CApUTE CRCCTacos. TP guUs poRs vl BC grupa

iaxonsimios de inlemas, seirsio & Tore ou dan EpRcED B OURCE JRERCE § HMpEgET S0 OE SOl O CARLIS JuE N0 DoTErorHE a visbiidede de popuisg e oo grasc
inzorsirnins de indesnas e corelico i sl

a Enim cooumemio nllc iEpsrs & CUmprimanic o i CmzSe sk -] el o inrinio A scoaal ra EsiaforTo cominenial 4

il Eor ok, L &: pairrreinec pardtcc. saca fns de cesquiza cmalica Weja
FECAEE NISTRACSEE B WWW ITITIN oS briegen

Este documento & expecito com base na insirugdo Mormaiva a® 032074, Afravés oo codigo de autenticagdc abaino, quaiquer oidaddo
jpodars venficar 2 awenhcidade o reguiandade deste documanio, por mein da paging do SsbindCMBIO ma infernel (wasiomiio.gowho'sishia).
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Humero: TEEES-1 I Data da Emiss&o: 0U0EZ021 19:37:82 I Data da Rewalidacao®: 01/06/2022

De acordo com o art. 28 da IN 032014, esta sutorizagdo tem prazo de validade equivalents a0 previsto no cronograma do atividades
do projeie, mas deverd ser revalidada anualmente medianie a apresentagic do relatdrio de atividades a ser enviado por meio do
Sisbio no prazo e ahd 30 dias a contar da data do anfversario de sua emissao.

Dados do titular

Mome: Leandno Mantovand de Castro —IEFF: 257 .981.058-90
Tihslo tha Projelo: Caraclenzaco do perfil @ sinsdads bicldgica de peplideos de cavalo mannia Hippocampes reid

Mome da Instiuico: UNIVERSIDADE ESTADUAL PALULISTA ||::hPJ: 48,031, 518000858
Observagies e ressalvas

5 |e Fish D il 0 i & OL MErTSTn da LS eqepe dy necemideds G obisr . Stslncoan eeEEE 5 CUETIL INETLIHETIoN HgEE | BT corno da

CSAHTETETD oo eaporaral pals s, publics ou privecs, onos ol eelzads & rviksls noushe oo orgha JE s de e rcigens [TURAL oaunsdeds de conmrvacis
sl dwrwiiel ou mUNidizal ou do pEOETEo, STeRCslin, Pomain o makdor O Sees denio dos Emies oe enecacis de conesevacic fedenl oo proomas de mpulsroacic
Fandara SrESrT A T OUNS

10 || G oo de pemcpins s UNIDADE. D COMSERVALAD, o traa dain 3 TR 8 dn Lrideds o fir ca DORPIRMVAR AL CATAS dan
sazadician . ax condicien zacs sk o de coletss @ de ueo da irksssTuirs de unideda

11 || O Shuber 38 suloriescio oo de iCSNC BETISSETSE, NI DO S8 FETDITE SE BN SOuips. quaneo S violecio wigmnia, =u qusnsda 4 amaais ol
[F== da imkoar 21 [T - o mio, poderd, ool i o kcerca o mrvogads seic

MO, roa eTrce da ispiisis brasisics Bm wgEr

Outras ressalvas
[ 1 | BT |

Locals onde a8 atividades de campo serfo executadas

# || Demorido do local Municipko-LUF Bloma Cavarna? Tipo
1 || Praia do cedro, 237 277 01 4175 457 Ubasiba 5P Blarinha Hao Fora de UC Federal
D27F D000

Atividades

Atividada Grupo de Atividsdo
Coletatrarsporie de espsoimes da tuna sibvestre in st Fora de LG Federal
Coleta'trarsporie de amosias eoligicas in situ Fom de LAC Federal
Captura de animais sihasstnes in situ Fora de LAC Federal
Manutenclo tlempordnia (abé 24 meses| de verebrados sivesires Abivwdades ex-siu (fora da natureza)
B cathoein

B I LS

Atividades X Téxons

# | Atividado

Manutencio lempordria (abd 29 meses| de verebrados
sivesires am caliveiro

Captra die animais sihwesires in s

Coletatrarsporie de amosias koldgicas in siu
Coletitrarsporie o espdoimes da tama sibestne in sib

£ 2] L

ste documenio i expecido com base na iesirugdo Normadva suenticasio aban, quaiguer ooaddo
jpaderd venficar 8 awsnicidade ou reguiandage desle documania, por mes 03 paging oo SShnICMBD e infernel (W iomens. gov he'sishi).
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Himera: TEEES-A I Data da Emiss&o: 0U0E2021 19:37 52 I Data da Rovalidacao™: 041/06/2022

De acordo com o art. 28 da |N 022014, esta autorizagdo tem prazo de validade equivalente 20 previsto ne cronograma de atividades
do projetn, mas deverd ser revalidada anuaiments medianto a apresentacéo do relatdrio de stividades a ser onviado por moio do
Sishio no prazo e aht 30 dias a contar da data do anfversario de sua emissao.

Dados do titular

Mome: Leandro Maniovani de Castro

-II‘.':H’-: 267 981 058-90

Titso da Projelo: Caaclenzacio do pedil @ alhvidads bicldgica de peptidecs de cavala mannia Hippocampus reid

Mome da InstRuicioc UNIVERSIDADE ESTADUAL PARIULISTA

I CHPJ: 48.031.918'0008-58

Al s, QU fods ST e Unssade o Cosservigl Feten’ su woe unveimes,

Materiais & Métodos

# |Tipo do Métods [Grupo taxondmico) Materiats
1| Amesiras nicicgicas (Feikes] Fragmentc 0e Wcknomac
2 |Meindo de capluraicoleta [Peikes) Coleta maniial
Destine do material biolégico coletado
Moma local dasting Tipo desting
1| UMVERSIDADE ESTADUAL PALLISTA Labaralirio

Este documenio il expecios com base na msrucio Nommatna a* 032074, Arews oo codigo de sutenticasdo abatmn, quaiguer oidaodo
jpdierd VEosT 4 autsnicidads O eguiangae deste JoCLmSTio, foOr D 03 paging 4o SsbndCMBC mE infernel jwasomibin. gov ho'sishia).
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Autorizacio para atividades com finalidade cientifica

Mumero: TEEES-1 I Data da Emiss$o: 0UDED021 19:37:82 I Data da Revalidacdo®: 01062022

De acorda com o art. 28 da IN 022044, esta autorizagdo tem prazo de validade squivalents 20 previsto no cronograma do atividades
do projeio, mas dovera sor revalidada anwalmenie medianie a apresentagio do melatario de atividades a ser erviado por meio do
Sisbio no jprazo e xhd 30 dizs a contar da data do anfeorsario doe sua omissao.

Dados do titular

Mome: Leandro Mantowani de Castro —IEPF: 2E7.981.058-90
Titwio do Projelo: Camcienzacio do perfil e alivdade biologica de peplidecs de cavalo manniho Hippocampues reid

Home da Instiucac: UNIVERSIDADE ESTADUAL PALLISTA ||::M>J: 48 031,51 B0008-58

Registro de coleta imprevista de material biolégico

De acordo com a Instrugda Normaliva n&um—n.lﬁm‘ld, a cobela imprevista de malerial bioldgico ou de substralo ndo
conlemplade na asulorizacho ou na licenca permansnte deverd ser anolsda na mesma, em campo especilics, par ccasido

da colela, devendo esta coleta imprevisla ser comunicada por meio do relatdrio de alividades. O fransporie do malerial bioldgico ou
do subsiralo deverd ser acompanhado da asulorizacdo ou da licenga permanente com a devida anotagio. O maberial
bioldgico coletada de forma imprevista, deverd ser deslinado & instilugho centifica &, depositado, preferendcalmente, am
colegio biokigica centifica regisirada no Cadastro Nacional de Colegdes Bioldgicas (CCEID)L

Tamon" Qtda. Tips de Amostra Otda. Data

" eraficar o espdoime do nivel Exondmico posshel.

Este docomenio fof expedioo com base na insirugdo Nommatva n* 032074, Afrewds oo codipgo oe avfenticacdo ababn, quaiguer Cidoddo
jpodend venficar 3 awsnicidade ou reguiandade deste documento, Do Ml 03 pagina do SsbndCUMBio pe internel (W iomiio. gov ho'sishia).
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