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|. INTRODUCAO GERAL



Introdugéo Geral

A malaria continua sendo um dos principais problemas de satde publica no mundo,
afetando cerca de 300 milhdes de pessoas nas areas subtropicais e tropicais, 0 que resulta
em mais de um milhdo de mortes a cada ano (MINISTERIO DA SAUDE, 2002). Das
quatro espécies dos parasitos de malaria conhecidas, Plasmodium falciparum (Pf), P. vivax
(Pv), P. malariae (Pm) e P. ovale (Po), somente as trés primeiras sdo encontradas no Brasil
(QARI et al., 1993a). Durante os Ultimos sete anos o Pv tem sido reportado como a espécie
de plasmddio responsavel por mais de 80,2% dos casos de malaria na regido Amazonica
brasileira (MINISTERIO DA SAUDE, 2002).

O ciclo de vida do parasito da malaria humana é composto por uma fase assexuada
enddgena (esquizogdnica) com multiplicacdo no hospedeiro vertebrado e uma fase sexuada
exogena (esporogbnica) com multiplicacdo em mosquitos. A fase esquizogdnica
compreende duas etapas: uma que ocorre nas células parenquimatosas do figado
(esquizogonia exo-eritrocitica) e outra que inclui o desenvolvimento do parasito nas
hemécias (esquizogonia eritrocitica). A infec¢do no hospedeiro vertebrado é iniciada pela
picada da fémea do mosquito Anopheles, que libera, junto com a saliva, esporozoitos na
corrente sanguinea (GILLES & WARRELL, 1993).

1. Complexo vivax

Embora a proteina circunesporozoitica (CSP) seja o principal alvo para
desenvolvimento da vacina contra a malaria, os dados gerados requerem atencdo, ja que
foram relatadas variagfes na seqiiéncia repetida de sua porcao central (QARI et al., 1993a;
GOPINATH et al., 1994). Baseado no gene da CSP, Rosenberg et al. (1989) descreveram

uma variante do Pv na Tailandia (VK247), e Qari et al. (1993a) constataram em Papua
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Nova Guiné a presenca de um parasito de malaria, referido como P. vivax-like,
morfologicamente semelhante a forma cléssica do Pv (VK210), mas com a porcdo repetida
da regido central da CSP diferente dos dois tipos descritos previamente (figura 1),
apresentando diferencas na resposta imunoldgica. Com a clonagem do gene da CSP da
variante VK210 permitiu-se a caracterizacdo de uma seqiiéncia de 373 aminoacidos, com
uma regido central de 19 repeti¢cGes consecutivas do nonapeptidio Asp-Arg-Ala-Asp/Ala-
Gly-GIn-Pro-Ala-Gly (DRAD/AGQPAG), o que constitui cerca de 49% do total da
proteina (ARNOT et al., 1985). O seqlienciamento da porcdo entre as regides | e 1l deste
gene em amostras de VK247 mostrou uma sequiéncia codificadora para o nonapeptideo
Ala-Asn-Gly-Ala-Gly-Asn-GIn-Pro-Gly (ANGAGNPQPG), idéntico apenas em trés
aminoacidos da sequéncia do VK210 (ROSENBERG et al., 1989). O gene da CSP da
variante P. vivax-like apresentou 1182 pares de base com 16 cépias da sequéncia repetida

de 11-mer, codificadora para APGANQ(E/G)GGAA (QARI et al., 1993b).

Regido | PR RNR Regido Il

I B

9 x DRAD/AGQPAG - vK210
10 x ANGAGNPQPG - vKk247
11 x APGANQ(E/G)GGAA - P. vivax-ike

Figura 1: Estrutura da regido central do gene da proteina circunesporozoitica (CSP)
do Plasmodium vivax, de acordo com Qari et al., 1993a. Regido I: porc¢ao codificadora da
regido N-terminal, PR: porcdo repetida; RNR: porcdo ndo-repetida e Regido Il: porgéo

codificadora da regido C-terminal.
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2. Distribuicéo dos genotipos da CSP do Plasmodium vivax

Muitos estudos foram conduzidos para avaliar a ocorréncia global das variantes do
Pv, onde o gendtipo VK247 foi detectado em areas endémicas da Tailandia (WIRTZ et al.,
1990; KAIN et al., 1992, 1993a, 1993b), na América do Sul, Africa (KAIN et al., 1991;
GONZALEZ et al., 2001), México e Afeganistdo (KAIN et al., 1992; RODRIGUEZ et al.,
2000). Ja a variante P. vivax-like mostrou-se também presente em amostras de sangue
oriundas de outras regides de Papua Nova Guiné, da Indonésia e de Madagascar (QARI et
al., 1991, 1993b). Gonzales-Ceron et al. (1999) observaram, em areas de malaria do
Meéxico, a susceptibilidade de infeccdo dos mosquitos das espécies Anopheles albimanus e
Anopheles pseudopunctipennis aos genétipos VK210 e VK247, respectivamente.

No Brasil, varios trabalhos tém demonstrado a ampla circulacdo das variantes do
Pv. Estudos soroldgicos detectaram anticorpos para essas variantes em amostras de S&o
Paulo (CURADO et al., 1995) e de comunidades indigenas da Amazbnia brasileira
(ARRUDA et al., 1996a, 1996b). Recentemente, foi confirmada a presenca de anticorpos
para as CSP expressas por esses genoOtipos em individuos provenientes de Candeia do
Jamari no Estado de Rondbnia, bem como a associacao entre o alelo DRB1-16 do HLA de
classe Il e a presenca de anticorpos para a VK247, e entre o alelo DRB1 -07 e a auséncia de
anticorpos para a VK210 (OLIVEIRA-FERREIRA et al., 2004). A tipagem molecular da
CSP de amostras de Pv do Estado de Rondénia, Amapa e do Paré confirmam a presenca
dessas variantes em nosso pais e mostram que a VK210 foi encontrada em infeccGes
simples e mistas com as outras duas variantes, enquanto o VK247 e o P. vivax-like sdo

detectados apenas em infec¢des mistas (MACHADO & POVOA, 2000; MACHADO et al.,

10
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2003). O tipo VK247 também foi detectado em espécimes de anofelinos oriundas do Estado
de Sdo Paulo (BRANQUINHO et al., 1997), do Acre (MARRELLI et al., 1998) e do Para
(SILVA et al., 2006).

3. Resisténcia do Plasmodium vivax aos antimalaricos
Nos ultimos trinta anos, a resisténcia dos parasitos de malaria a cloroquina (CQ)
tem sido restrita ao Pf, e a CQ ainda permanece a droga de escolha para a profilaxia e
tratamento de infecgdes por Pv (BALDASSARE et al., 1991). A primeira evidéncia de que
o0 Pv estava desenvolvendo resisténcia a esta droga foi reportada em Papua Nova Guiné por
Rieckmann et al. (1989). A partir dai, a reducdo na suscetibilidade a CQ tem sido observada
também em amostras das Ilhas Salomdo (WHITBY et al., 1989), Papia Nova Guiné
(SCHURRKAMP et al., 1992; MURPHY et al., 1993), india (GARG et al., 1995), Asia
(PUKRITTAYAKAMEE et al., 2000) e em Manaus, no Brasil (ALECRIM et al., 1999),
embora nenhuma relacéo tenha sido encontrada entre os genétipos de Pv e a negativagdo da
parasitemia. Estudos realizados por Kain et al. (1993a) sugerem que a resposta a CQ pode
variar dependendo do tipo de variante de Pv, uma vez que observaram em amostras da
Tailandia que infeccdes simples com o tipo VK210 e mistas com 0 VK247 levaram um
tempo maior para negativar a parasitemia do que infeccdes que continham apenas a
variante VK247. Recentemente, Machado et al. (2003) também verificaram em amostras de
Belém, no Estado do Pard, significante correlacdo entre a negativacdo parasitaria e 0s trés

genotipos de Pv.

4. Aspectos do diagnéstico laboratorial de plasmédio

A Organizacdo Mundial de Saude (OMS) considera o diagnostico rapido e preciso como o

primeiro elemento bésico de estratégia para o controle da malaria, contribuindo dessa

11
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forma, para a reducdo de sua morbimortalidade (AVILA & FERREIRA, 1996;
FIGUEIREDO-FILHO et al., 2003).

4.1 Métodos para detecgao do plasmodio em hemacias

A deteccdo e identificacdo de infeccbes maléricas tém sido tradicionalmente
baseadas na avaliacdo microscopica por meio da gota espessa (GE) e de esfregacos
(GILLES & WARRELL, 1993). A GE é um método satisfatério em relacdo a sensibilidade
e especificidade, permitindo a identificacdo da espécie e estagio de desenvolvimento do
parasito. Embora esse método seja simples e de baixo custo, requer microscopistas bem
treinados, além de ser trabalhoso e demorado (AVILA & FERREIRA, 1996;
FIGUEIREDO-FILHO et al., 2003).

LimitacOes dessas técnicas estimularam a busca de metodologias alternativas, tais
como o Quantitative Buffy Coat (QBC®. Esta consiste em um capilar com residuos de
laranja de acridina e anticoagulante preenchido por sangue, sendo a separagdo de hemacias
parasitadas das ndo parasitadas realizada por diferenca de densidade (AVILA &
FERREIRA, 1996). A sensibilidade deste método é cerca de oito vezes maior que 0s testes
microscopicos convencionais, além de apresentar maior reprodutibilidade, facilidade de
leitura e rapidez de execucdo em relacdo a GE (SPIELMAN et al., 1988; KRISHNA &
DESHPANDE, 2003). Apesar das vantagens, o teste tem custo elevado devido a

necessidade de equipamentos especificos (AVILA & FERREIRA, 1996).

12
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4.2 Métodos para detecgao de componentes antigénicos plasmidiais

Um avanco no diagnostico foi o desenvolvimento de testes imunocromatograficos
(ICT) que permitem a rapida deteccdo de proteinas de plasmddios em hemacias lisadas, por
anticorpos especificos com diferentes marcadores (AVILA & FERREIRA, 1996). Varios
ICTs comerciais foram desenvolvidos para a pesquisa de algumas espécies de
Plasmodium, fato que tornou o diagnostico simples, rapido e acurado, principalmente em
areas rurais, em que 0s testes convencionais ndo estdo disponiveis (MOODY, 2002). Testes
comerciais como o ICT-Malaria Pv™ e ICT-Malaria Pf, empregados na pesquisa da
proteina rica em histidina 2 (HRP2) de Pv e de Pf, respectivamente, apresentaram maior
sensibililidade e especificidade quando comparados aos métodos microscopicos
(CHIODINI, 1998; ARAZ et al., 2000). J4 o teste ICT Pf/Pv™ | utilizado para a deteccdo
de P. falciparum e P. vivax, apresentou baixa sensibilidade e portanto, necessidade de
reavaliacdo (FIGUEIREDO-FILHO et al., 2003). O teste comercial Optimal®, utilizado na
deteccdo da proteina lactato desidrogenase de plasmodios (pLDH), demonstrou excelente
desempenho no diagndstico de Pv e de Pf, sob diferentes condigdes de estocagem e
temperatura, mas ndo pode detectar amostras de Pm (PENHALBEL et al., 2005).

A pesquisa de parasitos de malaria em mosquitos pode ser realizada por meio do
painel de Antigeno VecTest Malaria (V-MAP). Este teste imunocromatografico foi
avaliado para a pesquisa da CSP de Pf e dos genOtipos VK210 e VK247 de Pv em
anofelinos da Tailandia, bem como na identificacdo da CSP de Pf em mosquitos coletados
em regides de Gana, demonstrando ser rapido, facil, além de oferecer vantagens préaticas

para os trabalhos em campo (APPAWU et al., 2003; SATTABONGKOT et al., 2004).

13
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4.3 Métodos para detecgao de anticorpos anti-plasmodiais

Testes soroldgicos para a deteccdo de anticorpos especificos contra os diferentes
estagios e espécies de Plasmodium sdo ferramentas importantes em estudos
epidemioldgicos, na triagem de doadores em areas ndo endémicas de malaria e no
diagndstico de infeccdes individuais (RODRIGUES et al., 2003). Devido a persisténcia de
anticorpos apos a fase aguda, esses metodos ndo podem distinguir infecgdes prévias das
atuais, fato que torna o diagnostico limitante (PATSOULA et al., 2003). O teste de
Imunofluorescéncia Indireta (IFI), otimizado por Ferreira & Sanchez em 1988, €
considerado como referéncia no sorodiagnéstico e na soroepidemiologia da malaria. Ja o
método de ELISA (Enzyme Linked Immunosorbent Assay) é utilizado na identificacdo de
proteinas de plasmodio, como por exemplo na pesquisa de anticorpos contra a proteina 1 de
superficie de merozoito (MSP1) (RODRIGUES et al., 2003; LIM et al., 2004) e contra a
proteina circunesporozoitica (CSP) de Pv (SUH et al., 2004; LIM et al., 2005), bem como
na busca de anticorpos anti-gametécitos de Pf (MARRELI et al., 1995). A técnica de
Western Blotting também tem sido utilizada no estudo da resposta imune-humoral na
malaria e considerada uma importante ferramenta diagnostica por permitir mensurar,

precisamente, padrdes de anticorpos (THELU et al., 1991).

4.4 Métodos para pesquisa do parasito em mosquitos
A pesquisa de parasitos da malaria em mosquitos é realizada, na maioria das vezes,
pelo teste de ELISA, a fim de determinar as taxas de infectividade dos mesmos. Apesar de

ser um bom método e muito empregado neste tipo de estudo, ja apresentou resultados falso-
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positivos (SOMBOON et al.,1993). Na tentativa de obter resultados mais confiaveis, POvoa
et al. (2000) adaptaram o0 método de PCR-ELISA para a deteccdo de parasitos de malaria

humana em mosquitos.

4.5 Métodos moleculares para diagnostico do parasito da malaria

A Reacdo em Cadeia da Polimerase (PCR) também tem sido aplicada na deteccéo e
diferenciacdo das quatro espécies de Plasmodium que infectam o homem (SNOUNOU et
al., 1993; KIMURA et al., 1997), na determinacdo dos polimorfismos de genes candidatos a
vacinas antimalaricas - como os da MSP-1, MSP-2, GLURP (FERREIRA et al., 1998;
MAGESA et al., 2001; VAN HA et al., 2002) - e de genes relacionados com a resisténcia a
drogas antimaléricas (pfcrt (%°76™), pfmdrl (*"86™" , #1042 e A*1246™") (POVOA
etal., 1998; THOMAS et al., 2002).

Atualmente, variacdes da técnica de PCR tém sido propostas para estes fins. O
semi-nested-PCR é empregado para a amplificagdo de sequéncias alvo da subunidade
menor 18S do rRNA dos parasitos de malaria (KIMURA et al., 1997) e dos genes pl126
(ZALIS et al., 1996) e GLURP (ZHU et al., 1998) de Pf. O semi-nested-PCR é utilizado
para o diagnostico do Plasmodium sp (RUBIO et al., 2002) e para a detec¢do do Pv por
meio da regido telomérica (GOMEZ et al, 2003). Técnicas como a SSCP-PCR
(Polimorfismo Conformacional de Fita Simples) e RFLP-PCR (Polimorfismo de
Comprimento dos Fragmentos de Restricdo) sdo realizadas para a avaliagdo do
polimorfismo dos genes da MSP1, MSP2, GLURP (OHRT et al., 1999), CSP, EBA-175 e

RESA (OHRT et al., 1997). A PCR foi associada ao ELISA (PCR/ELISA) para amplificar

15
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fragmentos do gene 18S do rRNA (LAOBOONCHAI et al.,, 2001) e a métodos de
hibridizagdo em microplaca (MPH-PCR) para a mesma regido do DNA do parasito
(KIMURA et al., 1995; CHAI et al., 2000). Mais recentemente, Polanco et al. (2002)
propuseram 0 método de PCR em tempo real (rt-PCR) para amplificar a regido V8 da
subunidade menor 18S do rRNA do Plasmodium spp e Abdullah et al. (1996), a PCR-

transcriptase reversa para amplificar o fragmento da subunidade menor 18S do rRNA de Pf.

4.5.1 Diagnostico molecular do Plasmodium vivax

O Plasmodium vivax € a segunda espécie mais prevalente no mundo, afetando mais
de 75 milhdes de pessoas, a maioria delas da América do Sul e Asia (IMWONG et al.,
2005). O aumento do numero de casos de malaria por Pv, bem como o surgimento de
cepas resistentes a drogas antimalaricas, sdo as principais preocupac¢des para o controle
dessa doenca. Visto que métodos microscopicos ndo sdo suficientemente sensiveis para
detectar baixos niveis de parasitemia deste parasito, a PCR tem sido muito empregada em
varios estudos para o diagnostico de Pv (CUI et al., 2003). Torres et al. (2006) e Imwong et
al. (2005) desenvolveram, respectivamente, PCR utilizando como alvo o gene da cisteina-
proteinase e 0s marcadores genéticos Pvcs, Pvmspl, obtendo resultados satisfatérios em
ambos os estudos. O diagnostico molecular por PCR é capaz de detectar infeccdes mistas
previamente ndo diagnosticadas pelo método microscopico, como infecgdes simples por Pv
(ZAKERI et al., 2004). O uso desta tecnologia também pode ser Util na identificacdo de
casos de maléria em que os exames microscopicos sdo negativos, tornando o diagndstico

mais confiavel (BLOSSOM et al., 2005). A PCR em tempo real tem sido utilizada na
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caracterizacdo e quantificacdo de infec¢Ges mistas por Pm e Pv, mostrando-se mais sensivel

que os métodos convencionais e soroldgicos (IMIRZALIOGLU et al., 2006).

4.5.2 Diagnostico molecular dos gen6tipos do Plasmodium vivax

Os geno6tipos do Pv podem ser relacionados a diferencas na intensidade dos
sintomas, na resposta ao tratamento e na preferéncia ao vetor, podendo ainda gerar
resisténcia a drogas e falhas nas medidas de controle (GOPINATH et al., 1994). Por o
diagndstico soroldgico ndo ser capaz de identificar os gendtipos da CSP envolvidos numa
infeccdo atual e a semelhanca morfoldgica entre eles impedir sua diferenciacdo pela GE, a
Unica maneira de identifica-los é por meio do diagnostico molecular, isto é, por meio da
amplificacdo do gene da CSP.

A primeira metodologia desenvolvida para a caracterizacdo dos trés genotipos de
Pv foi descrita por Qari et al. (1993a). Nessa técnica, o gene da CSP é amplificado por
PCR utilizando oligonucleotideos especificos para as suas regifes terminais e a
identificacdo dos trés gendtipos é feita por sondas marcadas com radioisétopos,
complementares a seqtiéncia repetida de cada uma. Os fragmentos hibridizados séo
visualizados por auto-radiografia. A utilizacdo de sondas marcadas por material radioativo
exige um custo elevado para o seu desenvolvimento, além de estrutura laboratorial
compativel com a eliminacgdo dos residuos, caracteristicas que podem dificultar o emprego
desta metodologia.

A fim de também caracterizar as trés variantes da CSP, Machado & Povoa (2000)

desenvolveram o método de GFM-PCR-ELISA. Esse consiste na amplificagdo do gene da
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CSP por PCR por meio de oligonucleotideos especificos para as regies | e 11 do gene. Os
fragmentos amplificados sdo hibridizados pelo método ndo-isotépico de fase liquida,
utilizando sondas marcadas com digoxigenina, especificas a cada gendtipo. Os produtos de
hibridizacdo sdo revelados pela técnica de ELISA, utilizando fragmento Fab anti-
digoxigenina, marcado com peroxidase e revelado com solucdo cromogénica de
tetrametilbenzidina. A reacdo € interrompida com solucdo de acido fosforico e a
absorbancia é medida a 405 nm em um leitor de microplaca. Apesar da técnica ser sensivel
e especifica, necessita de um longo periodo para chegar ao diagnoéstico final. Além disso,
utiliza sondas e anticorpos marcados, 0 que proporciona um custo elevado para a sua
determinacao.

Outras metodologias moleculares foram desenvolvidas a fim de caracterizar
somente os gendtipos VK210 e VK247 de Pv. Kain et al. (1992) amplificaram o gene da
CSP por PCR gendtipo-especifico e identificaram as duas variantes por meio de sondas
marcadas com radioisdtopos, especificas a cada uma. A técnica de nested-PCR foi
associada ao RFLP na pesquisa dos mesmos genotipos, em amostras de Pv no Iran. Este
estudo foi um dos primeiros a relatar, em grande-escala, a diversidade parasitaria na Regido
Mediterranea Oriental, servindo como base a futuras pesquisas relacionadas a
epidemiologia molecular (ZAKERI et al., 2006). Kho et al. (1999) investigaram o
polimorfismo do gene da CSP em amostras da Coréia por meio da técnica de PCR-RFLP,
que foi desenhada a fim de amplificar as regides com repeti¢Oes e pos-repeticdes do gene.

O estudo identificou dois genotipos da CSP (SK-A e SK-B), cujas sequiéncias sdo similares
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as encontradas na China e no oeste Asiatico e, concluiu que o método de PCR-RFLP pode
substituir o de seqiienciamento na classificacdo de gendtipos de Pv.

O método de PCR-RFLP requer equipamentos basicos e reagentes que Sao
normalmente encontrados num laboratério de biologia molecular em paises endémicos para
malaria, além de ser um método rapido (TAHAR et al., 1998). Sendo assim, essas
vantagens podem favorecer sua aplicacdo nos laboratérios de referéncias nas areas
endémicas e ndo endémicas de malaria no Brasil. Portanto, uma metodologia com um custo
mais acessivel proporcionara maiores investigacdes destas variantes nas regides intra e

extra-Amazonicas.
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Ob'|etivos

1. Geral:

Melhorar o diagndstico dos trés gen6tipos da CSP do Plasmodium vivax.

2. Especifico:
Padronizar e otimizar o diagndstico por PCR/RFLP dos trés genétipos da CSP do

Plasmodium vivax.
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Abstract

For molecular diagnosis of Plasmodium vivax variants (VK210, VK247 and P.
vivax-like) using DNA amplification procedures in the laboratory, choice of rapid and
inexpensive identification products of three different genotypes are important prerequisites.
We report here the standardization of a new PCR/RFLP for the identification of the three
described P. vivax circumsporozoite protein (CSP) variants using amplification of the
central immunodominant region of CSP gene of this protozoan. The simplicity, specificity
and sensitivity of the system described here should be important to determine the
prevalence and the distribution of infection with these P. vivax genotypes in endemic and

non-endemic malaria areas, enabling a better understanding their phylogeny.

Keywords: Plasmodium vivax genotypes, PCR/RFLP, diagnosis, circumsporozoite protein
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1. Introduction

Plasmodium vivax is the second most prevalent malaria parasite affecting more than
75 million people each year (Imwong et al., 2005). The circumsporozoite protein (CSP) of
the infective sporozoite is the major target in the development of recombinant malaria
vaccines (Qari et al., 1993). Nevertheless, the generated data require attention because of
the discovery of sequence variation in the central portion of the CSP gene (Gopinath et al.,
1994). Rosenberg et al. (1989) described a variant of the P. vivax in Thailand (VK247), and
Qari et al. (1993) reported in Papua New Guinea the P. vivax-like, resembling
morphologically the classic form (VK210) and VK247 as well as a distinctive repeated
portion of the central region of the CSP gene. Another important issue generated by these
genotypes existence is the possibility of differential variant-linked response to treatment.
The first evidence that P. vivax develops resistance to chloroquine (CQ) was reported in
Papua New Guinea (Rieckmann et al., 1989) and, later, studies carried out by Kain et al.
(1993) suggested that the reply to CQ can vary depending upon the P. vivax genotypes.
Additionally, Machado et al. (2003) confirmed a significant correlation between the
parasite clearance and its three genotypes.

By serological and/or molecular approaches, different authors evaluated the global
occurrence of these variants in endemic areas of Thailand (Wirtz et al., 1990; Kain et al.,
1992, 1993), of the South America (Arruda et al., 1996; Machado and Povoa, 2000;
Oliveira-Ferreira et al., 2004; Silva et al., 2006), of Africa (Kain et al., 1991; Gonzalez et
al., 2001), of Mexico, of Afghanistan (Kain et al., 1992; Rodriguez et al., 2000), of Papua

New Guinea, Indonesia and Madagascar (Qari et al., 1991, 1993).
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Kain et al. (1992) developed a genotype-specific PCR by means of *?P-end-labeled
oligoprobes for the detention of the VK210 and VK247 and Kho et al. in 1999 investigated
the polymorphism of the CSP gene in isolates from Korea by means of the PCR-RFLP
technique. The first methodology developed for the identification of P. vivax genotypes was
a PCR/hibridization, that also uses radio-labeled oligoprobes, which are cost demanding
and time consuming, beyond the necessity of a compatible laboratorial structure with their
elimination (Qari et al., 1993). Six years ago, Machado and P6voa (2000) optimized the
GFM-PCR-ELISA method, which needs a long period of execution, beyond the use of
initiating biotinylated primers and digoxigenin-labelled probes, raising the cost for its
execution. In 2006, a protocol of nested-PCR/RFLP was standardized for the diagnosis of
only two of the three genotypes: VK210 and VK247 (Zakeri et al., 2006).

The analysis of the restriction fragment length polymorphism (RFLP) of PCR
products is a fast and simple technique (Trost et al., 2004), normally found in molecular
biology laboratories from endemic countries for malaria, requiring only basic equipment
(Tahar et al., 1998). We report here the standardization of a new PCR/RFLP for the

identification of the three described P. vivax CSP gene variants.

2. Material and Methods
2.1. Samples

For PCR standardization, we used three different plasmids (BlueScript, Stratagene,
EUA), one for the characteristic CSP repetitive region of each variant (VK210, VK247 and

P. vivax-like), 45 frozen plus 10 fresh blood samples collected in different endemics areas
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from the Brazilian Amazon region, with a positive P. vivax thick blood film (TBF) results.
TBFs were examined by independent experienced microscopists who were unaware of each
result according to the World Health Organization recommended procedures. Furthermore
a molecular P. vivax confirmation was performed in all samples accordingly to Kimura et
al. (1997). The protocol for this study was reviewed and approved by the Research Board

of the Faculdade de Medicina de Sdo José do Rio Preto.

2.2. Target DNA sequences and, design of synthetic oligonucleotides

DNA was extracted from blood samples by the phenol-chloroform method (Pena et
al., 1991). To amplify the CSP gene two sets of forward and reverse primers were designed
based on the CSP conserved central portion. The CSP sequences were available in the
GenBank database (VK210 — M11926; VK247 — M69061; P. vivax-like — L13724). The
sequences tested as primers were: PR1 (5’-TGAAAATAAGCTGAA ACAACCAG-3’),
PR2 (5-GGTTACACTGCATGGAGTCCAT-3"), PAl (5'-
AAATAAGCTGAAACAACCA-3’) and PA2 (5’- TCCACAGGTTACACTGCATGG-

3’). The optimal specificity was achieved using the BLAST program

(http://www.ncbi.nlm.nih.gov/BLAST/). A conformational analysis was done to investigate
the possibility of secondary structure formations (dimmer-primer). All oligonucleotide

primers were synthesized by IDT —Integrated DNA Technologies (USA).

2.3. PCR standardization

Different arrangements of sets of oligonucleotide primers were used, varying PCR
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mixer concentrations, primer annealing and number of cycles. After optimization, the PR1
and PR2 primers were selected. DNA (1,5 ul) was amplified in a total reaction volume of
25 ul consisting of 1x PCR buffer (10mM Tris-HCI, pH 8.3, 50 mM KCI), 1.5 mM de
MgCl, 1.0 uM of each primer, 200 uM dNTPs, 2.5 U ampli-Tag DNA polymerase, betaine
1% and water (ad 25 ul). Twenty-five cycles of amplification were performed on a
termocycler (DNA MasterCycler, Eppendorf, USA) after initial desnaturation of DNA at
94°C for 5 min. Each cycle consisted of desnaturation step at 93°C for 60s, an annealing
step at 41°C for 90s and an extension step at 72°C for 2 min, with a final extension at 72°C
for 10 min following the last cycle. The PCR products were analyzed by electrophoresis on

1.5% agarose gels and stained with ethidium bromide.

2.4. Restriction digests of PCR products

The selected enzymes were required to have at least one cleavage site in the
amplification of each variant, resulting in DNA fragments that are easily visible in
polyacrylamide gel. Restriction digests were set up with 10 pl of PCR product and 1 U of
the respective enzyme (Alu | and Dpn |, Promega, USA), incubated for 1 h at 37°C.
Restriction fragments were separeted by electrophoresis in 12.5% polyacrylamide gels. The
gels were stained with ethidium bromide and analysed with a Gel Doc 2000 illuminator

(Bio-Rad, USA).

27



e _ATligO
2.5. PCR sensitivity threshold

Three P. vivax blood samples from patients with parasitemia ranging from 300 to
12,500 parasites per microliter were utilized. These samples were serially diluted in blood
from an uninfected donor to a final level of parasitemia corresponding to 107 and further
processed for PCR amplification. After that, a parasitological evaluation was done in order

to compare the sensitivity among the PCR products.

2.6. PCR specificity
As a negative control we used blood samples obtained from 20 molecularly
diagnosed P. falciparum infected patients and from 10 blood donors living in the same

areas with negative molecular results to Plasmodium.

2.7. P. vivax CSP gene amplification control

A single amplification of a CSP gene fragment using a set of previously described
oligonucleotide primers (AL60 5- GTC GGA ATT CAT GAA GAA CTT CAT TCT C -
3’and AL61 5- CAG CGG ATC CTT AAT TGA ATA ATG CTA GG -3°) was performed

in all DNA samples (Machado and P6voa, 2000).

3. Results

3.1 Amplification of the P. vivax CSP gene fragment

As shown in Fig. 1, DNA from all samples of P. vivax included in this study could
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be amplified with the primers PR1 and PR2. PCR products were found to reach 694 bp
(VK210), 721 bp (VK247) to 736 bp (P. vivax-like) in length, as expected from the BLAST
program analysis. No amplification was observed with human DNA alone or with samples
containing only P. falciparum parasites. The sensitivity of PCR was determined by serial
dilutions of P. vivax blood samples with known parasitemia. The PCR of the P. vivax CSP
gene was capable of detecting levels of parasitemia corresponding to 0.0069 parasites per

microliter.

3.2. RFLP analysis

To distinguished among the three P. vivax genotypes, RFLP using Alu | identified
fragments of 10, 27, 38, 54, 106 and 135 bp (VK210), and 10, 38 plus 673 bp (VK247),
while P. vivax-like showed an unique fragment of 726 bp. In respect to RFLP using Dpn |
we observed fragments with sizes of 27, 42, 54, 81, 108 and 301 bp (VK247), while P.
vivax-like presented as two fragments (39, 697 bp). The second enzyme has no restriction
site to VK210 (Fig. 2). Other fragments below 38 bp, not considered for variant

determination, were also formed after the RFLP procedure.
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Fig. 1: PCR of the P. vivax CSP gene. 1. 100 bp DNA ladder (Invitrogen,
EUA); 2. VK210 plasmid; 3. VK247 plasmid; 4. P. vivax-like plasmid. 5-6.
P. vivax DNA blood samples. Samples 2-6 amplified with PR1 and PR2
primers. 7-8. P. vivax DNA samples amplified with AL60 and AL 61 (1200
bp). PCR products were resolved by electrophoresis on a 1.5% agarose gel
and stained with ethidium bromide.

500 bp

100 bp

Alul Dpn i
Fig. 2: RFLP patterns of the P. vivax CSP gene amplified by PR1 and PR2
primers. 1. 50 bp DNA ladder (Invitrogen, USA); 2 and 5. VK210 plasmid; 3
and 6. VK247 plasmid; 4 and 7. P. vivax-like plasmid; 8. 100 bp DNA
ladder. RFLP products were resolved by electrophoresis on a 12.5%
polyacrilamide gel and stained with ethidium bromide.
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4. Discussion

Malaria is one of the most prevalent severe infectious diseases in tropical and subtropical
regions worldwide. Since P. vivax malaria has been endemic in many countries and its CSP
genotypes are found worldwide, its effective diagnosis is very important. Indeed, P. vivax malaria
variants may have different characteristics in respect to the intensity of symptoms, the response to
drugs and vector preference, which could cause drug resistance and failure of control measures
(Gopinath et al., 1994).

A new PCR/RFLP system was developed to identify P. vivax genotypes. PCR primers were
designed to amplify the central immunodominant region of the CSP gene of this protozoan. In our
method, PCR primers were optimized in order to achieve easily distinguishable restriction
fragments. The choice of restriction enzymes was also influenced by our objective of creating an
efficient test with optimal resolution of restriction profiles. Based on the sequence analysis of P.
vivax variants available in GenBank, the Alu | and Dpn | endonucleases were found to be the most
suitable enzymes for this purpose. Alu | showed optimal discriminatory power to distinguish VK210
and P. vivax-like but it was not adequate to identify VK247 identification in mixed infections with
the P. vivax-like variant. We solved this problem by adding a second restriction step of the PCR
product using Dpn |, thereby unequivocally separating the VK247 and P. vivax-like variants.

The high cost and the need for adequate laboratory conditions are the most frequently used
arguments against using PCR in developing countries (Torres et al., 2006). However, PCR-based
assays have advantages over microscopic tests due to their great capacity to distinguish P. vivax
genotypes, as all three variants are morphologically similar (Qari et al., 1993). Our method is
sensitive and specific to detect P. vivax variants in both fresh and frozen samples. A previous

PCR/RFLP assay described by Zakeri et al. (2006), can only detect VK210 and VK247, and in
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inadequate for complete large-scaled studies. In addition, our methodology saves time and reduces
the cost by more than one half of the price of the GFM/PCR/ELISA method developed by Machado
and Pdvoa (2000). Moreover, it does not use oligonucleotide primers labeled with radioisotopes as
described by Qari et al. (1993).

RFLP is more useful in distinguishing P. vivax genotypes than classifying them by using
the CSP gene sequencing technique (Kho et al., 1999). Finally, the simplicity, specificity and
sensitivity of the PCR/RFLP system described here should be sufficient to determine the prevalence
and the distribution of infections of these P. vivax genotypes in endemic and non-endemic malaria

areas enabling a better understanding their phylogeny.
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Conclusdes

A simplicidade, especificidade e sensibilidade da técnica de PCR/RFLP descrita
neste trabalho sdo importantes na determinacdo da prevaléncia e da distribuicdo dos
gendtipos de P. vivax em areas endémicas e ndo-endémicas de malaria, contribuindo dessa

forma para um melhor entendimento da sua filogenia.
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Resumo

Para o diagndstico molecular das variantes do Plasmodium vivax (VK210, VK247 e
P. vivax-like), utilizando procedimentos laboratoriais de amplificacdo do DNA, a escolha
de métodos réapidos e de baixo custo sdo importantes pré-requisitos. Neste trabalho,
descrevemos a padronizacdo de um novo protocolo de PCR/RFLP para a identificacdo das
trés variantes da CSP de P. vivax por meio da amplificagdo da regido central do gene da
CSP deste protozoario. A simplicidade, especificidade e sensibilidade dessa técnica podem
ser importantes na determinacdo da prevaléncia e da distribuicdo das infeccGes por essas
variantes de P. vivax em areas endémicas e ndo endémicas de malaria, proporcionando um

melhor entendimento de sua filogenia.
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Abstract

For molecular diagnosis of Plasmodium vivax variants (VK210, VK247 and P.
vivax-like) using DNA amplification procedures in the laboratory, choice of rapid and
inexpensive identification products of three different genotypes are important prerequisites.
We report here the standardization of a new PCR/RFLP for the identification of the three
described P. vivax circumsporozoite protein (CSP) variants using amplification of the
central immunodominant region of CSP gene of this protozoan. The simplicity, specificity
and sensitivity of the system described here should be important to determine the
prevalence and the distribution of infection with these P. vivax genotypes in endemic and

non-endemic malaria areas, enabling a better understanding their phylogeny.
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Anexos

Anexo A - Desenho dos oligonucleotideos iniciadores ?

1.1. Oligonucleotideos iniciadores PR1 (5’- TGAAAATAAGCTGAAACAACCAG -3’) e PR2
(5°- GGTTACACTGCATGGAGTCCAT -3°)

VK210

CTGCATAAGGCAAACTCACAAACATCCAAAAAAATATACATATATATATTTATATACACGTGTATATATTATTAAGCGGCT
TAAGTTAAGCAAGCAAAACAGCCAAAGGCCTACAAGTGTAAACAGCTTCCTGCACACACGTATATACCAGAACAAGATG
AAGAACTTCATTCTCTTGGCTGTTTCTTCCATCCTGTTGGTGGACTTGTTCCCCACGCACTGCGGGCACAATGTAGATCTGT
CCAAGGCCATAAATTTAAATGGAGTAAACTTCAATAATGTAGACGCCAGTTCACTTGGCGCGGCACACGTAGGACAAAGT
GCTAGCCGAGGCAGAGGACTTGGTGAGAACCCAGATGACGAGGAAGGAGATGCTAAAAAAAAAAAGGATGGAAAGAAA
GCAGAACCAAAAAATCCACGTGAAAATAAGCTGAAACAACCAGGAGACAGAGCAGATGGACAGCCAGCAGGAGACAGA
GCAGATGGACAGCCAGCAGGTGATAGAGCAGATGGACAACCAGCAGGAGATAGAGCAGCTGGACAACCAGCAGGAGAT
AGAGCAGATGGACAGCCAGCAGGAGACAGAGCAGATGGACAGCCAGCAGGAGACAGAGCAGATGGACAACCAGCAGGA
GACAGAGCAGATGGACAACCAGCAGGTGATAGAGCAGCTGGACAACCAGCAGGTGATAGAGCAGCTGGACAACCAGCA
GGAGATAGAGCAGATGGACAGCCAGCAGGAGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGCAGATGGACAGCCA
GCAGGAGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGCAGATGGACAGCCAGCAGGAGATAGAGCAGCTGGACAG
CCAGCAGGAGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGCAGCTGGA
CAGCCAGCAGGAAATGGTGCAGGTGGACAGGCAGCAGGAGGAAACGCAGGAGGAGGACAGGGACAAAATAATGAAGGT
GCGAATGCCCCAAATGAAAAGTCTGTGAAAGAATACCTAGATAAAGTTAGAGCTACCGTTGGCACCGAATGGACTCCATG
CAGTGTAACCTGTGGAGTGGGTGTAAGAGTCAGAAGAAGAGTTAATGCAGCTAACAAAAAACCAGAGGATCTTACTTTGA
ATGACCTTGAGACTGATGTTTGTACAATGGATAAGTGTGCTGGCATATTTAACGTTGTGAGTAATTCATTAGGGCTAGTCA
TATTGTTAGTCCTAGCATTATTCAATTAAGTAGCTGACATCCATTATTTTCGGCGTCCTCCACGGTGCATATTAAGTGTTTT
GTGTTTTGTACATGCACATAAATACTTGCCCGTAGGGACATGATTTTTTTCCCTTTCTTATGAATGTTCCCTGCTGTTTGCAC
GTAACTGTATGTACGTGCGCGTAAGGCATAGTAAGTAACACCTCTTACACATTATGCGCTTACGCACAATCAGTTGTGCAA
TTCTAGAAAACACGATATGAGTATTTTTAAACACTTATCGTCCAAAAAAACAAAAAAAACAGAAAAAACAGAAAAAACA
GAAAAAACAAAAAAAAACAAAAAAAAACAAAAAAAAACAAAAAAAACACATTTATATTAACTTTTCCTTTTTGATTGAC
CCTTTTTTGACGTATATTTTTTTITTTTITTTTCGTATGTATTATATATACTGCTTAACGTAGAGAACTTAAATTTTGAGAATGT
ATTTTTTTTTAACAAGTTAAAAAAAGAACTGGTATTTTTGGGAATTCAAAAAATTTGCAAATTCAAAAGAGGCGAGTTAAA
ATTTGCGCCGTGGCAAACGGGGTGCGTGCGGGAGTCGTGCAAATGTGGCTTATATCCGGGGG

VK247

ATGAAGAACTTCATTCTCTTGGCTGTTTCTTCCATCCTGTTGGTGGACTTGTTCCCCACGCACTGCGGGCACAATGTAGATC
TGTCCAAGGCCATAAATTTAAATGGAGTAGGCTTCAATAATGTAGACGCCAGTTCACTTGGCGCGGCACACGTAGGACAA
AGTGCTAGCCGAGGCAGAGGACTTGGTGAGAACCCAGATGACGAGGAAGGAGATGCTAAAAAAAAAAAGGATGGAAAG
AAAGCAGAACCAAAAAATCCACGTGAAAATAAGCTGAAACAACCAGGAGCAAATGGAGCAGGTGATCAACCAGGAGCA
AATGGGGCAGGCAATCAACCAGGAGCAAATGGGGCAGGCAATCAACCAGGAGCAAATGGAGCAGACGATCAACCAGGA
GCAAATGGGGCAGGCAATCAACCAGGAGCAAATGGGGCTGGCAATCAACCAGGAGCAAATGGGGCAGGTAATCAACCAG
GAGCAAATGGAGCAGGTGATCAACCAGGAGCAAATGGAGCAGATGATCAACCAGGAGCAAATGGGGCAGGCAATCAAC
CAGGAGCAAATGGGGCAGGTAATCAACCAGGAGCAAATGGAGCAGGTGATCAACCAGGAGCAAATGGAGCAGGTGATC
AACCAGGAGCAAATGGGGCTGGCAATCAACCAGGAGCAAATGGAGCAGGTGATCAACCAGGAGCAAATGGGGCAGGCA
ATCAACCAGGAGCAAATGGGGCAGGTAATCAACCAGGAGCAAATGGGGCTGGCAATCAACCAGGAGCAAATGGGGCAG
GTAATCAACCAGGAGCAAATGGAGCAGGTGGACAGGCAGCAGGAGGAAATGCTGCAAACAAAAAGGCAGGAGACGCAG
GAGCAGGACAGGGACAAAATAATGAAGGTGCGAATGCCCCAAATGAAAAGTCTGTGATAGAATACCTAGATAAAGTTAG
AGCTACCGTTGGCACCGAATGGACTCCATGCAGTGTAACCTGTGGAGTGGGTGTAAGAGTCAGAAGAAGAGTTAATGCAG
CTAACAAAAAACCAGAGGATCTTACTTTGAATGACCTTGAGACTGATGTTTGTACAATGGATAAGTGTGCTGGCATATTTA
ACGTTGTGAGTAATTCATTAGGGCTAGTCATATTGTTAGTCCTAGCATTATTCAATTAA
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P.vivax-like

ATGAAGAACTTCATTCTCTTGGCCGTTTCTTCCATCCTGTTGGTGGACTTGTTCCCCACACACTGCGGGCATAATGTAGATC
TCTCCAGGGCCATAAATTTAAATGGAGTAAGCTTCAATAATGTAGACGCCAGTTCACTTGGCGCACGACAGGTAAGACAA
AGTGCTAGCCGAGGCAGAGGACTTGGTGAGAACCCAAAAGACGATGAAAAAGCTGATAAACCAAAAAAAAAGGACGAA
AAAAAAGTAGAACCAAAAAAGCCACATGAAAATAAGCTGAAACAACCAGTCCCAGGAGCAAATCAGGAAGGCGGAGCA
GCAGCCCCAGGAGCAAATCAGGAAGGTGGAGCAGCAGCCCCAGGTGCAAATCAGGAAGGTGGAGCAGCAGCCCCAGGTG
CAAACCAGGAAGGTGGAGCAGCAGCCCCAGGAGCAAACCAGGAAGGTGGAGCAGCAGCCCCAGGAGCAAATCAGGAAG
GCGGAGCAGCAGCCCCAGGAGCAAATCAGGAAGGTGGAGCAGCAGCCCCAGGTGCAAACCAGGAAGGTGGAGCAGCAG
CCCCAGGAGCAAACCAGGAAGGCGGAGCAGCAGCCCCAGGAGCAAATCAGGAAGGCGGAGCAGCAGCCCCAGGAGCAA
ATCAGGAAGGTGGAGCAGCAGCCCCAGGAGCAAACCAGGAAGGTGGAGCAGCAGCACCAGGAGCAAACCAGGAAGGTG
GAGCAGCAGCACCAGGAGCAAACCAGGGAGGTGGAGCAGCAGCACCAGGAGCAAACCAGGGAGGTGGAGCAGCAGCAC
CAGGAGCAAACCAGGGAGGTGGAGCAGCAGCACCAGGAGCAAACCAGGAAGGTGGAGCAGCAGCACCAGGAGCAAACC
AGGGAGGTGCAAAGTCAGCAGGAGGACAGGGACAAAATAATGAAGGTGCGAATAAGCCAGATGAAAAGCATGTGAAAG
AATACCTAGAGAAAATTAGATCTACCGTTGGCACCGAATGGACTCCATGCAGTGTAACCTGTGGAAAGGGTGTAAGAGTT
AGAAGAAAACTTAGTGCAGGTGACAAAAAACCAGATAAGCTTACTCTGAATGACCTTGAGGCAGAAGTTTGTACAATGGA
TAAGTGCTCTGGCATATTTAACGTTGTGAGTAATTCATTAGGGCTAGTCATATTGTTAGTCCTAGCATTATTCAATTAA

% Os oligonucleotideos iniciadores foram desenhados no programa Word.

1.2. Oligonucleotideos iniciadores PAL (5’-AAATAAGCTGAAACAACCA-3’) e PA2
(5’- TCCACAGGTTACACTGCATGG -3’)

VK210:

CTGCATAAGGCAAACTCACAAACATCCAAAAAAATATACATATATATATTTATATACACGTGTATATATTATTAAGCGGCT
TAAGTTAAGCAAGCAAAACAGCCAAAGGCCTACAAGTGTAAACAGCTTCCTGCACACACGTATATACCAGAACAAGATG
AAGAACTTCATTCTCTTGGCTGTTTCTTCCATCCTGTTGGTGGACTTGTTCCCCACGCACTGCGGGCACAATGTAGATCTGT
CCAAGGCCATAAATTTAAATGGAGTAAACTTCAATAATGTAGACGCCAGTTCACTTGGCGCGGCACACGTAGGACAAAGT
GCTAGCCGAGGCAGAGGACTTGGTGAGAACCCAGATGACGAGGAAGGAGATGCTAAAAAAAAAAAGGATGGAAAGAAA
GCAGAACCAAAAAATCCACGTGAAAATAAGCTGAAACAACCAGGAGACAGAGCAGATGGACAGCCAGCAGGAGACAGA
GCAGATGGACAGCCAGCAGGTGATAGAGCAGATGGACAACCAGCAGGAGATAGAGCAGCTGGACAACCAGCAGGAGAT
AGAGCAGATGGACAGCCAGCAGGAGACAGAGCAGATGGACAGCCAGCAGGAGACAGAGCAGATGGACAACCAGCAGGA
GACAGAGCAGATGGACAACCAGCAGGTGATAGAGCAGCTGGACAACCAGCAGGTGATAGAGCAGCTGGACAACCAGCA
GGAGATAGAGCAGATGGACAGCCAGCAGGAGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGCAGATGGACAGCCA
GCAGGAGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGCAGATGGACAGCCAGCAGGAGATAGAGCAGCTGGACAG
CCAGCAGGAGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGCAGCTGGA
CAGCCAGCAGGAAATGGTGCAGGTGGACAGGCAGCAGGAGGAAACGCAGGAGGAGGACAGGGACAAAATAATGAAGGT
GCGAATGCCCCAAATGAAAAGTCTGTGAAAGAATACCTAGATAAAGTTAGAGCTACCGTTGGCACCGAATGGACTCCATG
CAGTGTAACCTGTGGAGTGGGTGTAAGAGTCAGAAGAAGAGTTAATGCAGCTAACAAAAAACCAGAGGATCTTACTTTGA
ATGACCTTGAGACTGATGTTTGTACAATGGATAAGTGTGCTGGCATATTTAACGTTGTGAGTAATTCATTAGGGCTAGTCA
TATTGTTAGTCCTAGCATTATTCAATTAAGTAGCTGACATCCATTATTTTCGGCGTCCTCCACGGTGCATATTAAGTGTTTT
GTGTTTTGTACATGCACATAAATACTTGCCCGTAGGGACATGATTTTTTTCCCTTTCTTATGAATGTTCCCTGCTGTTTGCAC
GTAACTGTATGTACGTGCGCGTAAGGCATAGTAAGTAACACCTCTTACACATTATGCGCTTACGCACAATCAGTTGTGCAA
TTCTAGAAAACACGATATGAGTATTTTTAAACACTTATCGTCCAAAAAAACAAAAAAAACAGAAAAAACAGAAAAAACA
GAAAAAACAAAAAAAAACAAAAAAAAACAAAAAAAAACAAAAAAAACACATTTATATTAACTTTTCCTTTTTGATTGAC
CCTTTTTTGACGTATATTTTTTITTTTITTTTCGTATGTATTATATATACTGCTTAACGTAGAGAACTTAAATTTTGAGAATGT
ATTTTTTTTTAACAAGTTAAAAAAAGAACTGGTATTTTTGGGAATTCAAAAAATTTGCAAATTCAAAAGAGGCGAGTTAAA
ATTTGCGCCGTGGCAAACGGGGTGCGTGCGGGAGTCGTGCAAATGTGGCTTATATCCGGGGG
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VK247

ATGAAGAACTTCATTCTCTTGGCTGTTTCTTCCATCCTGTTGGTGGACTTGTTCCCCACGCACTGCGGGCACAATGTAGATC
TGTCCAAGGCCATAAATTTAAATGGAGTAGGCTTCAATAATGTAGACGCCAGTTCACTTGGCGCGGCACACGTAGGACAA
AGTGCTAGCCGAGGCAGAGGACTTGGTGAGAACCCAGATGACGAGGAAGGAGATGCTAAAAAAAAAAAGGATGGAAAG
AAAGCAGAACCAAAAAATCCACGTGAAAATAAGCTGAAACAACCAGGAGCAAATGGAGCAGGTGATCAACCAGGAGCA
AATGGGGCAGGCAATCAACCAGGAGCAAATGGGGCAGGCAATCAACCAGGAGCAAATGGAGCAGACGATCAACCAGGA
GCAAATGGGGCAGGCAATCAACCAGGAGCAAATGGGGCTGGCAATCAACCAGGAGCAAATGGGGCAGGTAATCAACCAG
GAGCAAATGGAGCAGGTGATCAACCAGGAGCAAATGGAGCAGATGATCAACCAGGAGCAAATGGGGCAGGCAATCAAC
CAGGAGCAAATGGGGCAGGTAATCAACCAGGAGCAAATGGAGCAGGTGATCAACCAGGAGCAAATGGAGCAGGTGATC
AACCAGGAGCAAATGGGGCTGGCAATCAACCAGGAGCAAATGGAGCAGGTGATCAACCAGGAGCAAATGGGGCAGGCA
ATCAACCAGGAGCAAATGGGGCAGGTAATCAACCAGGAGCAAATGGGGCTGGCAATCAACCAGGAGCAAATGGGGCAG
GTAATCAACCAGGAGCAAATGGAGCAGGTGGACAGGCAGCAGGAGGAAATGCTGCAAACAAAAAGGCAGGAGACGCAG
GAGCAGGACAGGGACAAAATAATGAAGGTGCGAATGCCCCAAATGAAAAGTCTGTGATAGAATACCTAGATAAAGTTAG
AGCTACCGTTGGCACCGAATGGACTCCATGCAGTGTAACCTGTGGAGTGGGTGTAAGAGTCAGAAGAAGAGTTAATGCAG
CTAACAAAAAACCAGAGGATCTTACTTTGAATGACCTTGAGACTGATGTTTGTACAATGGATAAGTGTGCTGGCATATTITA
ACGTTGTGAGTAATTCATTAGGGCTAGTCATATTGTTAGTCCTAGCATTATTCAATTAA

P.vivax-like

ATGAAGAACTTCATTCTCTTGGCCGTTTCTTCCATCCTGTTGGTGGACTTGTTCCCCACACACTGCGGGCATAATGTAGATC
TCTCCAGGGCCATAAATTTAAATGGAGTAAGCTTCAATAATGTAGACGCCAGTTCACTTGGCGCACGACAGGTAAGACAA
AGTGCTAGCCGAGGCAGAGGACTTGGTGAGAACCCAAAAGACGATGAAAAAGCTGATAAACCAAAAAAAAAGGACGAA
AAAAAAGTAGAACCAAAAAAGCCACATGAAAATAAGCTGAAACAACCAGTCCCAGGAGCAAATCAGGAAGGCGGAGCA
GCAGCCCCAGGAGCAAATCAGGAAGGTGGAGCAGCAGCCCCAGGTGCAAATCAGGAAGGTGGAGCAGCAGCCCCAGGTG
CAAACCAGGAAGGTGGAGCAGCAGCCCCAGGAGCAAACCAGGAAGGTGGAGCAGCAGCCCCAGGAGCAAATCAGGAAG
GCGGAGCAGCAGCCCCAGGAGCAAATCAGGAAGGTGGAGCAGCAGCCCCAGGTGCAAACCAGGAAGGTGGAGCAGCAG
CCCCAGGAGCAAACCAGGAAGGCGGAGCAGCAGCCCCAGGAGCAAATCAGGAAGGCGGAGCAGCAGCCCCAGGAGCAA
ATCAGGAAGGTGGAGCAGCAGCCCCAGGAGCAAACCAGGAAGGTGGAGCAGCAGCACCAGGAGCAAACCAGGAAGGTG
GAGCAGCAGCACCAGGAGCAAACCAGGGAGGTGGAGCAGCAGCACCAGGAGCAAACCAGGGAGGTGGAGCAGCAGCAC
CAGGAGCAAACCAGGGAGGTGGAGCAGCAGCACCAGGAGCAAACCAGGAAGGTGGAGCAGCAGCACCAGGAGCAAACC
AGGGAGGTGCAAAGTCAGCAGGAGGACAGGGACAAAATAATGAAGGTGCGAATAAGCCAGATGAAAAGCATGTGAAAG
AATACCTAGAGAAAATTAGATCTACCGTTGGCACCGAATGGACTCCATGCAGTGTAACCTGTGGAAAGGGTGTAAGAGTT
AGAAGAAAACTTAGTGCAGGTGACAAAAAACCAGATAAGCTTACTCTGAATGACCTTGAGGCAGAAGTTTGTACAATGGA
TAAGTGCTCTGGCATATTTAACGTTGTGAGTAATTCATTAGGGCTAGTCATATTGTTAGTCCTAGCATTATTICAATTAA

#0s oligonucleotideos iniciadores foram desenhados no programa Word.

59



Anexos

Anexo B - Determinacdo da especificidade de cada oligonucleotideo iniciador ao gene
da CSP°
2.1. Teste com PR1

2 RID-1155763240-24634-1 655160255

Arquiva  Editar | Exibir  Faworitos  Ferramentas  Ajuda s
. —
> © HR® Y o T m = 3
Endereco @] http: v, nchi.rim.rib, gov/BLAST Blast . cai v Bl Links & ~
= I L= BT == = AT B e =T e e Tl Lol CILees  Tied TooT -
gi|?36950535 |gb | DOISE132.1) FPlasmodium wviwvax strain Brazill ci. . o0.0049
gi| 736980581 |gb|Do156131.1 Plasmodium vivax strain HondurasII... 44.1 0.004
gi| 73698079 | gb | D156130.1 Plasmodiuwm vivax strain NewGuinea 44.1 0.004
gi| 57015197 | gl | AY674050.1 FPlasmodiuwm vivax CSFP gene, partial cd £4.1 0.004%
01| 14578280 | g | A¥OO3872.1| Plasmodium wiwvax YAC 1H14, complete s  44.1 0.0049
gi|16903151 | g | AF436590.1| AF436590 Plasmwodiuww vivax ECSPI6-7 44.1 0.004
gil1a0049304 | gb|AF=15741.1|AF215741 Plaswodium vivax isolate 3. 44.1 0.004
gi| 1004308 |gh|AFE15740.1| AF215740 Plasmodium vivax isolate 3. 44.1 0.004
gi| 688140 gb|S73385.1 CaP=circumsporozoite protein [Plaswodi... 44.1 0.004
gi| 13375180 | gh | AF240459. 1| AF240458 Flasmodium vivax cilrcumsporoz  44.1 0.004%
1| 12597456 | g | AF316583 .1 AF316583 Plasmwodium vivax strain 44.1 0.0049
gi|12597454 | gh | AF316582.1|AF316582 Plaswodiuwwm vivax strain 44.1 0.004
gi|1E597452 | g | AF316581.1|AF3165581 Plasmwodiuwwm vivax strain 44.1 0.004
gi|1E8597450 | gb | AF316580.1| AF316580 Plasmodiwm vivax strain 44.1 0.004
gi|12597448 | gb | AF316579. 1| AF3165738 Plaswodiwm vivax strain .. 44.1 0.004
gi|160166|gh|M11926.1|PFACSA  Flasmodiwn vivax circumsSporozoite p 44,1 0.004%
1| 160183 |gh|M20670.1|PFACSCA Plaswodium vivax circumsporozoite 44.1 0.0049
gi| 4825893 | gh| U0OS983. 1| PVUOS983  Plaswodium vivax isolate SoOL10... 44.1 0.004
gi|482591|gh| U0SS982 . 1| PVUOS98:  Plaswodium vivax isolate S0OL-5... 44.1 0.004
gi| 482559 | gh| U0S951.1|PVUOE951 Plasmodium vivax isolate PH-79. 44.1 0.004
gi| 4825887 gl U0OS980. 1| PYVTOS980  Plaswodiwn vivax isolate PH-46. 44.1 0.004
ol| 482885 | gh | U0S3979. 1| PVUOS97Y  Plaswodium vivax isolate CH-5 44.1 0.004%
oil| 482883 |gb| U0S978.1 | PVIOS97E8 Plaswodium vivax isolate CH-4 44.1 0.0049
i) 4525881 | gb| U027 7. 1| PVUOS97T Plaswodium vivax isolate CH-3 . 44.1 0.009
gi| 61652783 | gb| A¥543440.1 | Plasmodium viwvax isolate Banglades... 44.1 o0.0049
gi|217155874 |enb | AJ297403 . 1| PVIZ97403 Plasmodium vivax partial... 44.1 0.004
il 1TANT A4 R I TARNART T IPFACS2Y  Plaswodinm =simiim mdrcomsnnrozn. 44 1 n_nn4 v
< >
&1 & Internet

2.2. Teste com PR2

Arquivo  Editar  Exibir  Faworitos  Ferramentas  Ajuda 1
. —~
> © KRG L T g L) 3B

Endereco | &) https fwww.nchi.im.nih, gov/BLAST Elast. cqi - Ir Links @ v

gi| 52788770 | g | A¥E32311.2| Plaswodium vivax isolate CHPYCSSD ... 46.1 0.001 L’

gi| 52788768 | gh | A¥I67I01.2| Plaswodiwn vivax isolate P24 circu... 46.1 0.001

gi|SEVEET60 | gh| AT4437153.8| Plasmodium vivax isolate CHPVCI14 ... 46.1 0.001

gi| 5278587649 |gb| A¥V443712 .2 | Plaswmodium wivax isolate CHPWCS13 ... 46.1 0.001

gi| 52788762 | ghb| A¥443710.5| Plasmodium vivax isolate CHPVCE11 46.1 0.001

gi| 52768760 gl | AT443705.2 | Plasmodium vivax isolate CHPVCISS o... 46.1 0.001

gi|SEVE57SS | gl A¥443705.2| Plasmodium vivax isolate CHPVCIE co... 46.1 0.001

gi| 52788756 | gh| A¥A32299.2 | Plaswmodium wivax isolate CHPVWCS3E ... 46.1 0.001

gi| 52788754 | gh| A¥632295.5| Plasmodium vivax isolate CHPVCE3T . 46.1 0.001

gi| 52788752 | gh| A¥632296.2| Plasmodium vivax isolate CHPVCI3S ... 46.1 0.001

gi|SEVEETS0| gl | A¥632294.2| Plasmodium vivax isolate CHPVCI33 46.1 0.001

gi| 32347261 | gh|A¥216939.1) Plasmodiwn vivax strain Belem VAC1H14 46.1 0.o001

gi|32347260 | gh | A¥216938.1] Plaswodiwn vivax strain IndiaVII TACI 46.1 0.001

gi| 32347259 |gh| A¥216937.1] Plasmodium vivax strain 3alvador I YA 46.1 0.001

gi|32347258 | gb| A¥216936.1 Plaswmodium wivax strain Thai-W¥0 YAC1 46.1 0.001

gi|1a005314|gh| AFE36549.1| Plasmodiuwn vivax isolate SES974601 ... 46.1 0.001

gi| 120053128 | gh | AF2365458.1) Plasmodium vivax isolate SESG007 c... 46.1 0.001

gi| 12005310 gh| AF236847.1| Plasmodium vivax isolate JES98088 c... 46.1 0.001

gi| 12005308 | gh | AF236846.1] Plaswodiwn vivax isolate 3ES8001 c... 46.1 0.o001

gi| 40353724 | g | AV443726.1] Plaswodiwn vivax isolate P27 circu... #26.1 0.001

gi| 40353722 |gh| A¥443725.1| Plasmodium vivax isolate CHFVCIZG . 46.1 0.001

gi|40353720 | gb| A¥443724.1 Plaswmodium wivax isolate CHPVWCSZ5 ... 46.1 0.001

gi| 40353718 | gb| A¥443723.1| Plaswmodiwm vivax isolate CHPVWCEZ4 ... 46.1 0.001

gi| 40353710 | gl | A¥443722.1| Plaswmodium vivax isolate CHPVCIZ3 ... 46.1 0.001

gi| 40353712 |gh| A¥443720.1| Plasmodium vivax isolate CHPVCIZ1 ... 46.1 0.001

gi[40353710 | gb| A¥443719.1 Plaswmodium wivax isolate CHPVWCSZO0 ... 46.1 0.001

gi| 40353703 | gh| A¥443715.1| Plaswodium vivax isolate CHPVCI19 ... 46.1 0.001 b
>

@I]Cuncluidu ® Internet
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2.3. Teste com PA1

RID=-1155762227-29575-183377249341.BLAS

Microsoft Internet Explorer

Arquivo  Editar  Exibir  Faworitos  Ferramentas  Ajuda
A ~ Bl
CR Iﬂ Iﬂ W s s = 3
Endereco ﬁjhttp:,i,l’www‘ncbi.nlm‘nih‘gov,l’BLASTJ‘BIast.cgi g Ir Links ** @'
Soore E -
Seguences producing significant alignments: (Bits) Value
gi|22003061 | emb | 8J295636. 1| PWIZ95656 Plasmodium vivax partial C5  38.2 0.1z
gi|2173371 1 |erb| AJ275612 . 1| PWIETE612  Plasmodium vivax partial... 35.2 0.1z
gi|217155870 |erb | AJ2T5611. 1| PWIETE611  Plasmodium vivax partial... 35.3 0.1z
gi|28217982 |enb | AJE29E977 . 1| PWIESE97Y  Plasmodium vivax partial C3  35.2 0.1z
gi| 16329162 |gh| AF164605.58| Plasmodium vivax isolate KC3P96-74... 35.2 0.1z
gi| 16329155 | gh| AF164606.28| Plasmodium vivax isolate KCSP97-75... 38.2 0.1z
gi| 16329156 | gb| AF164605.2 | Plasmodium wvivax isolate KCSP97-1 .. 38.2 0.1z
gi|16329152 |gh| AF164603.2| Plasmodiwn vivax isolate KCSP96-11... 35.2 0.1z
gi|16329154|gb| AF164604.2| Plasmodiuwn vivax isolate KCSP95-50... 35.3 0.1z
gi| SE7EE7TTE |ghb| AT443721.2| Plasmodium vivax isolate CHPVCIZZ 38.2 0.1z
gi| SEVEETT0 | gh| A¥632311.8| Plasmodium vivax isolate CHPVCIS0 ... 35.2 0.1z
gi|SEVE576S | gh| A¥367301.28| Plasmodium vivax isolate P24 circu... 35.2 0.1z
gi| 527858766 | gb| A¥443713 .2 | Plaswmodium wivax isolate CHPVWCS14 ... 38.2 0.1z
gi|SETEETE | ghb| A¥443712.2| Plasmodiwn vivax isolate CHPVWCS13 ... 35.2 0.1z
gi|SETESTE2 |gb| A¥443710.2| Plasmodiwm vivax isolate CHPWCE11 ... 385.3 0.1z
gi| 52768760 g | AT4437058.2 | Flaswodiwn vivax isolate CHPVCEY c... 38.2 0.1z
gi| 52755758 | ghb| A¥443705.2 | FPlasmodium vivax isolate CHPVC3I6 c. 38.8 0.1z
gi|SEVEE7S6 | gh| A¥E32299.2| Plasmodium vivax isolate CHPVCI3S ... 35.2 0.1z
gi| 527858759 |gh| A¥A322958.2 | Plaswodium wivax isolate CHPWCS37 ... 38.28 0.1z
gi|SETESTEE |gh| A¥E32296.2| Plasmodiwn vivax isolate CHPWCS3S ... 35.2 0.1z
gi|SE7E8TS0 | gb| A¥E32294.2| Plasmodiuwn vivax isolate CHPWCE33 ... 38.3 0.1z
gi|32347261 | gh|AY216939.1] Flaswodiwn vivax strain Belemw VAC1H14 38.2 0.1z
gi| 32347260 | gb| A¥216935.1 Plasmodium vivax strain IndiaVII YAC1 35.8 0.1z
11 F25347259 | AV21R957.11 Plasmndinm wivaxw arrain Salvadnr T Vi 37.7 n.1z " L/
@I] & Internst

2.4, Teste com PA2

Arquivo  Editar  Exibir  Favoritos  Ferramentas  Ajuda -
.
G' ? Iﬂlg_l\l >~ o5 8 = b 8
Endereco féjhttp:f,l’www.ncbi‘nlm.nih.guv,iELAST,l’BIast.cg\ b Ir Links ** '@'
1 et T S
gi| 29893523 [gh | A¥135360.1) Plaswodium coatneyi circumsporozoi... 42.1 0.011 s
gi|32347261 | gh | AV216930.1) Plaswodium vivax strain Belem VAC1H14 42.1 0.011
gi|32347260 | gh | AV216938.1) Plaswodium vivax strain IndiaVII YACL 42.1 0.011
gi|32347259 | gh | AV216937.1) Plaswodium vivax strain Salvador I YA 42.1 0.011 =
gi|32347255 | gh| A¥216936.1] Plasmodiwm vivax strain Thai-N¥YU YACL 42.1 0.011
gi|12005314|gh| AF236540.1] Plasmodiwm vivax isolate SKE974601 ... 42.1 0.011
gi| 12005312 gk | AF2365468.1) Plaswodium vivax isolate SES8007 c... 42.1 0.011
gi| 12005310 | gl | AF2365847.1) Plaswodium vivax isolate SES8065 c... 42.1 0.011
gi| 12005305 gl | AF2365846.1) Plaswodium vivax isolate SKS8001 o 4z2.1 0.011
gi| 160178 |gh|JO0E751. 1| PFACSAAAD Plasmodium vivax circumsporozoit  42.1 0.011
gi|37962566 | gh| A¥SETS7TI. 1| ATSE75VES3E  Plasmodium knowlesi isol... 42.1 0.011
Oi|37962561 | gh | A¥SEZT571.1| AT3E2757038  Plaswodium knowlesi isol... 42.1 0.011
Oi| 37962556 | gh | A¥IZT569. 1| AT3E27565532 Plaswodium knowlesi isol... 42.1 0.011
Ji|37962851 | gh| A¥327567. 1| AT3E2756652 Plaswodium knowlesi isol 42.1 0.011
Ji|37962546 | gh| A¥327565.1| AT3E2756452 Plaswodium knowlesi isol 42.1 0.011
gi|379625841 | gb| A¥327563 . 1| A¥32756252 Plasmodium khowlesi isol 42.1 0.011
gi|379628536 | gh| AVF2T7561. 1| AFE2756052  Plasmodium knowlesi isol... 42.1 0.011
gi|379628531 |gh| AV327559. 1| AFE27555852  Plasmodium knowlesi isol... 42.1 0.011
gi| 73698101 | gh | DO156141.1) Plaswodium vivax strain VietnamWI ... 42.1 0.011
gi| 73698089 | gh | DO156140.1) Plaswodium vivax strain India03-1... 42.1 0.011
gi| 736980587 | gh | DQ156130.1) Plaswodium vivax strain Korea(02-2 42.1 0.011
gi| 73698095 | gh | DQ156138.1) Plaswodium vivax strain Korea(02-1 42.1 0.011
gi| 73698093 | gh | DQ156137.1) Plaswodium vivax strain Korea(02-9 42.1 0.011
gi| 73698091 | gh | DQ156136.1) Plaswodium vivax strain Colombia c... 42.1 0.011
gi| 73698089 | gh | DQ156135.1) Plaswodium vivax strain IndonesiaV... 42.1 0.011
gi| 73698087 | gh | DQ156134.1) Plaswodium vivax strain JAL-1 circ... 42.1 0.011
gi]| 7365958085 gh|DO156133.1]  Plaswodiww vivax strain Indial cir... 42.1 0.011 b
3
@ Concluido © Internet
b Programa BLAST - Nucleotide-nucleotide (blastn). Disponivel em:

<http://www.ncbi.nlm.nih.gov/BLAST/Blast> Acesso em: 12 maio 2005.
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Anexo C - Analise conformacional dos oligonucleotideos iniciadores para investigar a

possibilidade de formagcao de estrutura secundaria (dimmer-primer) ©

3.1. Anédlise da formacao de homodimeros

3.11.PR1

<l Integrated DNA Technologies - Microsoft Internet Explorer

Arquivo  Editar  Exibir  Eavoritos  Ferramentas | Ajuda |’,'
A -~ A
- 1 N ) i 2 - el - 2
Q- © HRG PO 2L 3
Endereco @http:,l’,l’www.idtdna.cnm,l’anaIyzer,l’AppI\catinns,l’OIigﬂAnaIyzerJ‘Default.aspx v @ <
A~
HOMO-DIMER ANALYSIS
Dimer Sequence
5'~ TGAARATAAGCTGALACARCCAG -3'
Maximum Delta G -40.7 kecal/rmale
Delta G -€.24 kealfmole
Base Pairs 4
5! TCALAATALGCTGARLCAACCAG
R
3' GACCAACAAAGTCGAATARRAGT
Delta G -3.55 kealfmole
Base Pairs 3
5! TEAAAATAAGCTGARLCALCCAG
1l 8
3! GACCAACAAAGTCGAATARLAGT
v
< >
&] concluida & Internet

° Programa Integrated DNA Technologies (IDT) - SciTools — OligoAnalizer 3.0. Disponivel em:
<http://www.idtdna.com/analyzer/Applications/OligoAnal yzer/. Acesso em: 12 maio 2005.
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3.1.2. PR2

2l Integrated DNA Technologies - Microsoft Internet Explorer

Arquivo  Editar  Exibir  Favoritos  Ferramentas  Ajuda -:,'
X *, = 3 3 ! =
Q- O HNRG PHV 2L |-JB
Endereco [&] httpy/fwan.idtdna. comfanalyzerjApplicationsfOliganalyzer/Default. aspx v Br -
HOMOD-DIMER AMALYSIS e

Dimer Sequence
5'— GGTTACACTGCATGGAGTCCAT -3

Maximum Delta G -39.69 kcal/mole

Delta G -8.07 kecal/mole
Base Pairs S

5' GGTTACACTGCATGGAGTCCAT
PEETT =zeee
3! TACCTGAGGTACGTCACATTGG

Delta G -7.05 keal/mole
Base Pairs 4

5! GGTTACACTGCATGGAGTCCAT
(RN
3' TACCTGAGGTACGTCACATTGGE

< | -
&] concluida & Internet

3.1.3. PAl

|

Integrated DNA Technologies - Microsoft Internet Explorer

Arquivo  Editar  Exibir  Favoritos  Ferramentas  Ajuda -:,'
_ . —~ ! . = __
- ) s - & — by
CO-© HNRG LPXkORXR%H-JB
Endereco ﬁ:lhttp:,l’,l’www.idtdna.cUm,l’anaIyzerfAppIicatiuns,l’OIigUAnaIyzer,l’DeFauIt‘aspx V| Ir @ -
HOMO-DIMER ANALYSIS e

Dimer $equence
5'- AMRATAAGCTGARACAALCCA -3'

Maximum Delta G -33.63 kcal/male

Delta G -6.34 keal/mole
Base Pairs 4

5! ALLTALGCTGAALCAACCE
I s
3' ACCAACAAAGTCGRATAADL

Delta G -1.95 keal/mole
Base Pairs 2

5' BAATAAGCTGAAACALCCA
Il
3! ACCAACARAGTCGAATARL

< | 3
@] Concluida & Internet

¢ Programa Integrated DNA Technologies (IDT) - SciTools — OligoAnalizer 3.0. Disponivel em:
<http://www.idtdna.com/analyzer/Applications/OligoAnalyzer/. Acesso em: 12 maio 2005.
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3.1.4. PA2

Integrated DNA Technologies - Microsoft Internet Explorer

Arquiva Editar  Exhir  Fawvoritos  Ferramentas  Ajuda 1','
1 A =y ; 3 T =
C-O HRG PO RS E-JAB
Endereca féj hktpf fvi idkdna, comjanalyzer [ Applications/OligoAnalyzer/Def ault, aspx v| Ir @ -
HOMO-DIMER ANALYSIS ~

Dimer Sequence

5'- TCCACAGGTTACACTGCATGG -3'

Maximum Delta G -32.59 kecal/mole

Delta G -7.05 kealfmole
Base Pairs 4 —

5! TCCACAGGTTACACTGCATGE
I
R GGTACGTCACATTGGACACCT

Delta G -5.38 kecalfmole
Base Pairs 4

5! TCCACAGGTTACACTGCATGE
(NN
80 GGTACGTCACATTGGACACCT

< |
€] Conchiido & Intermet

|

3.2. Andlise da formacéo de heterodimeros
3.2.1. PR1/PR2

Integrated DNA Technologies - Microsoft Internet Explorer

Arquivo  Editar  Exibir  Favoritos  Ferramentas  Ajuda l',

C-© NMRG ,PNO 2% H-JB

Endereco |€| hittp: ey idbdna.comfanalyzer/ applications/Cligoanalyzer/Default. aspx v| Ir '@ -

|*

Primary Sequence
5'- TGAMLATALGCTGALACAACCAG -3'

Secondary Sequence
5'~ BGTTACACTGCATGGAGTCCAT -3

Maximum Delta G -40.7 keal/mole B

Delta G -6.26 kcalfmole
Base Pairs 4

5'  TGARAATAAGCTGAMACAACCAG
85 3 (RN
3' TACCTGAGGTACGTCACATIGG

Delta G -5.02 kecalfmole
Base Pairs 2

5' TGAARATARGCTGALACAACCAG
I
3! TACCTGAGGTACGTCACATTGG
< | >

] Cancluida & Internct

|
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3.2.2. PA1/PA2

2l Integrated DNA Technologies - Microsoft Internet Explorer

Arquivo  Editar  Exibir  Favoritos  Ferramentas  Ajuda

O-© HNRAG L R ®-[JB

Endereco ﬁ:l hikpe f s idedna . com/ analyzerf Applications Oligoanalyzer fDefault, asp: w | Ir

Primary Sequence
5'- ARATAAGCTGARACAACCA -3'

Secondary Sequence
5'- TCCACAGGTTACACTGCATGG -3°'

Maximum Delta G -38.59 kcal/mole

Delta G -6.36 keal/male
Base Pairs 4

5' AMATARGUTGAALCAMCCA
(ANN
3! GGTACGTCACATTGGACACCT

Delta G -5.02 kealfrmale
Base Pairs 3

5' AMATARGUTGAALCAMCCA
I
3! GGTACGTCACATTGEACACCT
4 |

%

&] concluido 8 Internet

3.2.3. PR1/PA2

2N Integrated DNA Technologies - Microsoft Internet Explorer

Arquivo  Edikar  Exbir  Favoritos  Ferramentas  Ajuda

Q-0 NG ,PKhEeR L ®-JB

Endereso |ﬁj hittp: fhvovar idtdna. comyanalyzerf Applications/OligoAnalyzer Default. aspx b | Ir

Primary Sequence
5'- TGARMATAAGCTGARACAACCAG -3'

Secondary Sequence
5'- TCCACAGGTTACACTGCATGG -3°

Maxinum Delta G -40.7 keal/mole

Delta G -6.36 keal/mole
Base Pairs 4

5' TGAMRATAAGCTGAALCAACCAG
I s
3 GGTACGTCACATTGGACACCT

Delta G -5.02 keal/male
Base Pairs 3

5! TGAARATAAGCTGAARCAACCAG
I
3! GGTACGTCACATTGGACACCT

< |

|w

&] Concluido ® Internet

° Programa Integrated DNA Technologies (IDT) — SciTools — OligoAnalizer 3.0.
<http://www.idtdna.com/anal yzer/Applications/OligoAnal yzer/. Acesso em: 12 maio 2005.

Disponivel em:
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3.2.3. PA1/PR2

2 Integrated DNA Technologies - Microsoft Internet Explorer

Arquivo  Editar  Exbir  Favoritos  Ferramentas  Ajuda f'
A ) 3 A =
C-O0 HRA® PLPheRLE-JB
Endereco ﬁ:l hikkpe fiwvaw, idtdna.comyanalyzer fapplicationsfOligoanalyzer [Def ault, aspx v| Ir @ -
-

Primary Sequence
5'- AAATAAGCTGALACAACCA -3'

Secondary Sequence
5'- GGTTACACTGCATGGAGTCCAT -3'

Maximum Delta G -29.69 kcal/mole

Delta G -6.36 kcalfmole
Base Pairs 4

5! AMATAAGCTGAAACALCCE
8 Il
3' TACCTGAGGTACGTCACATTGG

Delta G -5.02 kcalfmole
Base Pairs 3

5! ARATALGCTGAALCAACCA

(!

< | >
@j Concluido B Internet

¢ Programa Integrated DNA Technologies (IDT) — SciTools — OligoAnalizer 3.0. Disponivel em:
<http://www.idtdna.com/analyzer/Applications/OligoAnalyzer/. Acesso em: 12 maio 2005.
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Anexo D - Sitios de corte e tamanho dos fragmentos formados pelas enzimas de
restricdo Alu | e Dpn I ¢

ENZIMA ALUI (AG/CT)
4. Fragmento amplificado com os oligonucleotideos iniciadores PR1 e PR2

4.1 Sitios de corte e tamanho dos fragmentos

VK210

TGAAAATAAG 10pb
CTGAAACAACCAGGAGACAGAGCAGATGGACAGCCAGCAGGAGACAGAGCAGATGGACAG
CCAGCAGGTGATAGAGCAGATGGACAACCAGCAGGAGATAGAGCAG 106ph
CTGGACAACCAGCAGGAGATAGAGCAGATGGACAGCCAGCAGGAGACAGAGCAGATGGACAGCCAGCAG
GAGACAGAGCAGATGGACAACCAGCAGGAGACAGAGCAGATGGACAACCAGCAGGTGATAGAGCAG
135pb

CTGGACAACCAGCAGGTGATAGAGCAG 27pb
CTGGACAACCAGCAGGAGATAGAGCAGATGGACAGCCAGCAGGAGATAGAGCAG 54ph
CTGGACAGCCAGCAGGAGATAGAGCAGATGGACAGCCAGCAGGAGATAGAGCAG 54ph
CTGGACAGCCAGCAGGAGATAGAGCAGATGGACAGCCAGCAGGAGATAGAGCAG 54ph
CTGGACAGCCAGCAGGAGATAGAGCAG 27ph

CTGGACAGCCAGCAGGAGATAGAGCAG 27pb

CTGGACAGCCAGCAGGAGATAGAGCAG 27ph
CTGGACAGCCAGCAGGAAATGGTGCAGGTGGACAGGCAGCAGGAGGAAACGCAGGAGGAGGACAGGGAC
AAAATAATGAAGGTGCGAATGCCCCAAATGAAAAGTCTGTGAAAGAATACCTAGATAAAGTTAGAG 135phb
CTACCGTTGGCACCGAATGGACTCCATGCAGTGTAACC 38pb

VK247

TGAAAATAAG 10pb
CTGAAACAACCAGGAGCAAATGGAGCAGGTGATCAACCAGGAGCAAATGGGGCAGGCAATCAACCAGGAG
CAAATGGGGCAGGCAATCAACCAGGAGCAAATGGAGCAGACGATCAACCAGGAGCAAATGGGGCAGGCA
ATCAACCAGGAGCAAATGGGGCTGGCAATCAACCAGGAGCAAATGGGGCAGGTAATCAACCAGGAGCAAA
TGGAGCAGGTGATCAACCAGGAGCAAATGGAGCAGATGATCAACCAGGAGCAAATGGGGCAGGCAATCAA
CCAGGAGCAAATGGGGCAGGTAATCAACCAGGAGCAAATGGAGCAGGTGATCAACCAGGAGCAAATGGAG
CAGGTGATCAACCAGGAGCAAATGGGGCTGGCAATCAACCAGGAGCAAATGGAGCAGGTGATCAACCAGG
AGCAAATGGGGCAGGCAATCAACCAGGAGCAAATGGGGCAGGTAATCAACCAGGAGCAAATGGGGCTGGC
AATCAACCAGGAGCAAATGGGGCAGGTAATCAACCAGGAGCAAATGGAGCAGGTGGACAGGCAGCAGGA
GGAAATGCTGCAAACAAAAAGGCAGGAGACGCAGGAGCAGGACAGGGACAAAATAATGAAGGTGCGAAT
GCCCCAAATGAAAAGTCTGTGATAGAATACCTAGATAAAGTTAGAG 673ph
CTACCGTTGGCACCGAATGGACTCCATGCAGTGTAACC 38pb

. Os sitios de corte e o tamanho dos fragmentos de restrigio foram determinados no
programa Word.
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P.vivax-like

TGAAAATAAG 10pb
CTGAAACAACCAGTCCCAGGAGCAAATCAGGAAGGCGGAGCAGCAGCCCCAGGAGCAAATCAGGAAGGTG
GAGCAGCAGCCCCAGGTGCAAATCAGGAAGGTGGAGCAGCAGCCCCAGGTGCAAACCAGGAAGGTGGAGC
AGCAGCCCCAGGAGCAAACCAGGAAGGTGGAGCAGCAGCCCCAGGAGCAAATCAGGAAGGCGGAGCAGC
AGCCCCAGGAGCAAATCAGGAAGGTGGAGCAGCAGCCCCAGGTGCAAACCAGGAAGGTGGAGCAGCAGCC
CCAGGAGCAAACCAGGAAGGCGGAGCAGCAGCCCCAGGAGCAAATCAGGAAGGCGGAGCAGCAGCCCCA
GGAGCAAATCAGGAAGGTGGAGCAGCAGCCCCAGGAGCAAACCAGGAAGGTGGAGCAGCAGCACCAGGA
GCAAACCAGGAAGGTGGAGCAGCAGCACCAGGAGCAAACCAGGGAGGTGGAGCAGCAGCACCAGGAGCA
AACCAGGGAGGTGGAGCAGCAGCACCAGGAGCAAACCAGGGAGGTGGAGCAGCAGCACCAGGAGCAAAC
CAGGAAGGTGGAGCAGCAGCACCAGGAGCAAACCAGGGAGGTGCAAAGTCAGCAGGAGGACAGGGACAA
AATAATGAAGGTGCGAATAAGCCAGATGAAAAGCATGTGAAAGAATACCTAGAGAAAATTAGATCTACCG
TTGGCACCGAATGGACTCCATGCAGTGTAACC 726pb

4.2 Esquema do tamanho dos fragmentos formados apos a digestao

VK210 VK247 P.vivax-like
16 ]
Diferenca de 53pb
o7 ¢ P
135 [
106 [N
s+
3z N N
7 N
o 1N N 1

.9 0Os sitios de corte e 0 tamanho dos fragmentos de restrigdo foram determinados no
programa Word.
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ENZIMA Dpn | (GA/TC)
5. Fragmento amplificado com os oligonucleotideos iniciadores PR1 e PR2

5.1 Sitios de corte e tamanho dos fragmentos

VK210 - ndo possui nenhum sitio de corte

TGAAAATAAGCTGAAACAACCAGGAGACAGAGCAGATGGACAGCCAGCAGGAGACAGAGCAGATGGACA

GCCAGCAGGTGATAGAGCAGATGGACAACCAGCAGGAGATAGAGCAGCTGGACAACCAGCAGGAGATAG

AGCAGATGGACAGCCAGCAGGAGACAGAGCAGATGGACAGCCAGCAGGAGACAGAGCAGATGGACAACC

AGCAGGAGACAGAGCAGATGGACAACCAGCAGGTGATAGAGCAGCTGGACAACCAGCAGGTGATAGAGC

AGCTGGACAACCAGCAGGAGATAGAGCAGATGGACAGCCAGCAGGAGATAGAGCAGCTGGACAGCCAGC

AGGAGATAGAGCAGATGGACAGCCAGCAGGAGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGCAGA
TGGACAGCCAGCAGGAGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGCAGCTGGACAGCCAGCAGG

AGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGCAGCT GGACAGCCAGCAGGAAATGGTGCAGGTGGA
CAGGCAGCAGGAGGAAACGCAGGAGGAGGACAGGGACAAAATAAT GAAGGTGCGAATGCCCCAAATGAA
AAGTCTGTGAAAGAATACCTAGATAAAGT TAGAGCTACCGTTGGCACCGAATGGACT CCATGCAGTGTAAC
C 694pb

VK247

TGAAAATAAGCTGAAACAACCAGGAGCAAATGGAGCAGGTGA 42pb
TCAACCAGGAGCAAATGGGGCAGGCAATCAACCAGGAGCAAATGGGGCAGGCAATCAACCAGGAGCAAAT
GGAGCAGACGA 81pb
TCAACCAGGAGCAAATGGGGCAGGCAATCAACCAGGAGCAAATGGGGCTGGCAATCAACCAGGAGCAAAT
GGGGCAGGTAATCAACCAGGAGCAAATGGAGCAGGTGA 108pb
TCAACCAGGAGCAAATGGAGCAGATGA 27pb
TCAACCAGGAGCAAATGGGGCAGGCAATCAACCAGGAGCAAATGGGGCAGGTAATCAACCAGGAGCAAAT
GGAGCAGGTGA 81pb

TCAACCAGGAGCAAATGGAGCAGGTGA 27pb
TCAACCAGGAGCAAATGGGGCTGGCAATCAACCAGGAGCAAATGGAGCAGGTGA 54pb
TCAACCAGGAGCAAATGGGGCAGGCAATCAACCAGGAGCAAATGGGGCAGGTAATCAACCAGGAGCAAAT
GGGGCTGGCAATCAACCAGGAGCAAATGGGGCAGGTAATCAACCAGGAGCAAATGGAGCAGGTGGACAGG
CAGCAGGAGGAAATGCTGCAAACAAAAAGGCAGGAGACGCAGGAGCAGGACAGGGACAAAATAATGAAG
GTGCGAATGCCCCAAATGAAAAGTCTGTGATAGAATACCTAGATAAAGTTAGAGCTACCGTTGGCACCGAA
TGGACTCCATGCAGTGTAACC 301pb

P. vivax-like

TGAAAATAAGCTGAAACAACCAGTCCCAGGAGCAAATCAGGAAGGCGGAGCAGCAGCCCCAGGAGCAAAT
CAGGAAGGTGGAGCAGCAGCCCCAGGTGCAAATCAGGAAGGTGGAGCAGCAGCCCCAGGTGCAAACCAGG
AAGGTGGAGCAGCAGCCCCAGGAGCAAACCAGGAAGGTGGAGCAGCAGCCCCAGGAGCAAATCAGGAAG

GCGGAGCAGCAGCCCCAGGAGCAAATCAGGAAGGTGGAGCAGCAGCCCCAGGTGCAAACCAGGAAGGTG

GAGCAGCAGCCCCAGGAGCAAACCAGGAAGGCGGAGCAGCAGCCCCAGGAGCAAATCAGGAAGGCGGAG
CAGCAGCCCCAGGAGCAAATCAGGAAGGTGGAGCAGCAGCCCCAGGAGCAAACCAGGAAGGTGGAGCAG

CAGCACCAGGAGCAAACCAGGAAGGTGGAGCAGCAGCACCAGGAGCAAACCAGGGAGGTGGAGCAGCAG
CACCAGGAGCAAACCAGGGAGGTGGAGCAGCAGCACCAGGAGCAAACCAGGGAGGTGGAGCAGCAGCAC
CAGGAGCAAACCAGGAAGGTGGAGCAGCAGCACCAGGAGCAAACCAGGGAGGTGCAAAGTCAGCAGGAG
GACAGGGACAAAATAATGAAGGTGCGAATAAGCCAGATGAAAAGCATGTGAAAGAATACCTAGAGAAAAT
TAGA 697pb

TCTACCGTTGGCACCGAATGGACTCCATGCAGTGTAACC 39pb

. 90s sitios de corte e 0 tamanho dos fragmentos de restrigdo foram determinados no
programa Word.
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5.2 Esquema do tamanho dos fragmentos formados apds a digestéo

VK210

o [

301

108

81

54
42

27

VK247

P.vivax-like

697 [

Diferenca de 396pb

9 Os sitios de corte e o tamanho dos fragmentos de restricéo foram determinados no

programa Word.
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Anexo E — Confirmagdo do tamanho dos fragmentos formados pelas enzimas de

restricdo Alule Dpn | ®

ENZIMA ALUI (AG/CT)

VK210

-z} http:/ /tools.neb.com - NEBcukter =10 x
& -..:r-.-.-.r,\r;.u\-::g Custom Digest Print I Close
- . . Help | Comments
unnamed seguence - digested with: Alal | —
Gel Type: Tularlcer: DA Type:
ID 7% agarose LI Im:me LI IUnmethyIatedLl
10z mm (a]'4 I # Ends Coordinates | Length (bp)
1 AduI-Adal 117-251 135
2 AduI-Adal S22-656 135
3 Adul-Alal 11-11& 108
< Adul-Alal 27332 Se
5 Adul-Alal 233-386 Se
10000 & Adul-Alal ZET7-440 Se
o E 7| AI-(FightEnd) E57-554 28
1 2 Adul- Alal 252-278 27
2 Adul- Alal A441-467 27
10 Adul- Alal A468-454 27
11 Adul- Alal 455-521 27
12 | (LeftfEnd)-Alul 1-10 10
1000
falels] —- .
|&] concluide [ [ [ [ [&internet :

¢ Programa NEBcutter. Disponivel em: http://tools.neb.com. Acesso em: 20 out. 2005.
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ools.neb.com - NEBcutter - Custom Dige: =1Ol =]
& W ENGLANE Custom Dige'-;t Frint I Close [
B ’ ) Hely Comments
nreriarred segrernce - digested with: Alul ===y
el Type: Ilarler: DA Type:
|U.?°/o agarose = |ncme ;l |Unmethylated;|
102 mrm (o] 4 | # Ends Coordinates | Length (bp)
1 Alul-ATul 11-683 &73
2 | Alul-(RightEnd) 684-721 38
] 2| (LeftEnd)-Alul 1-10 10
10000
s000 ]
1000
500 L
100 -
— [
|&] Concluida [ [ [ |4 internet i
P. vivax-like
‘tools.neb.com - NEBcutter - Custom Digest - M 101 %]
& NEW ENGLAND Clustom Dige‘;t Print | Close I
urnnamed seguence - digested with: Alul Ll %
Gel Type: Marker: DA Type:
ID?% agarose Im:une LI IUnmethyIa{edLI
=|'I nz mm Ok # Ends Coordinates | Length (bp)
1 | AluI-(RightEnd) 11-736 Ti6
2| iLeftEnd)-Alul 1-10 10
10000
5000
1000 -
500
100
F=a] T e trrerner -

¢ Programa NEBcutter. Disponivel em: http://tools.neb.com. Acesso em: 20 out. 2005.
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ENZIMA Dpn | (GA/TC)
VK210
- N&o possui nenhum sitio de corte para a enzima Dpnl, formando um fragmento de 694

=101 x|
12l .’,’\u,a-\g_ Custom Digest Frint I Close
VE247 - digested with: Dpnl %I 1Comments |
Gel Type: Iiarker: DA Tyvpe:
ID 7 agarose LI Inone Ll IUnmethyIated LI
102 mm (=19 I # Ends Coordinates | Length (bp)
unneth, CpG 1 | Dpnl-(RightEnd) 421-721 301
2 Dpnl-Dpnl 124-231 108
E Dpnl-Dpnl 43-123 21
4 Dpnl-Dpnl 259-339 21
5 Dpnl-Dpnl 267-420 54
10000 5 | (LeftEnd)-Dpnl 1-42 42
D E 7 Denl-Denl 232-258 27
1 2 Dpnl-Dpnl 340-366 27
1000
=leloliy —
100 = —
- =i
|27 concluida |4 1nternet >
P. vivax-like
2} http:/ tools.neb.com - NEBcutter - Custom Di —1o] =]
&—.‘\;’L‘l'ﬂn’.’.’\'\tﬂ.«l_’h\:} ) Custom Dige‘;t Frint | Close
BOLabsm Help | Cormmments
[ NEEcutter] P. vivax-like - digested with: Dipnl =
Gel Type: Idlarker: DITA Type:
ID.?% agarose ;I Im:me ;I IUnmelhyIatedLl
102 . Ok I # Ends Coordinates | Length (bp)
1 | (LeftEnd)-Dpnl 1-657 697
2 | Dpnl-iFightEnd) E98-736 =9
10000
sooo
1000
o0 — -
1o —
=1
[#&] Coneluida |4 Internet L

¢ Programa NEBcutter. Disponivel em: http://tools.neb.com. Acesso em: 20 out. 2005.
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