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RESUMO

KANO, F.S. Anaplasma marginale: Analise da variabilidade do gene msplo e avaliacido
imunogénica da vacina de DNA contendo genes para MSP1a, MSP1b e MSP5 em camundongos
BALB/c. 2007. 142.f. Tese (Doutorado em Ciéncia Animal, area de concentragdo em Sanidade
Animal) — Universidade Estadual de Londrina, Londrina. 2007.

O Anaplasma marginale ¢ um importante patégeno riquetsial de bovinos transmitido por carrapato que
invade e se multiplica dentro de eritrdcitos, causando anemia hemolitica durante a infec¢do aguda. A
imunizagdo com proteinas de membrana externa (OMP) purificadas induz protecdo contra doenca
aguda. Das 21 OMPs descritas, seis MSPs (1a, 1b, 2-5) ja foram bem caracterizadas. O complexo
MSP1 (MSP1la e 1b) ¢ adesinas de eritrocitos de bovinos. A MSP1a varia em tamanho pelo niumero de
repetigoes in tandem de 28-29 aminoacidos. Vacina de DNA contra a anaplasmose tem sido
investigada usando os genes mspla e msplp, e os resultados evidenciaram resposta celular e humoral
em camundongos e bovinos. A imunizagdo com DNA plasmidial que codifica genes de interesse ¢
uma tecnologia nova e promissora no desenvolvimento de vacinas. Vacinas de DNA que visam
multiplos epitopos tém se mostrado mais eficientes aumentando a imunogenicidade e a protecdo de
animais vacinados quando comparadas com as de epitopo unico. Os objetivos deste trabalho foram
analisar a variabilidade do gene mspl/o de amostras paranaenses de 4. marginale, testar a capacidade
dos plasmidios recombinantes expressarem MSP1a, MSP1b e MSP5 em células eucaridticas e avaliar
a imunogenicidade destas vacinas administradas individualmente ou em associa¢do, em camundongos
BALB/c. A analise da regido repetitiva do gene mspla identificou a presenca de seis, cinco e trés
repetigoes nas amostras PR1, PR2 e PR3, respectivamente, e seis padroes de repetigoes inéditas.
Contudo, a regido da MSPla responsavel pela imunogenicidade foi conservada. Os plasmidios
pcDNA/ msplo, pcDNA/ mspl B e pcDNA/ msp5, os quais codificam os genes das MSPs sob o
controle do promotor do citomegalovirus e intron A, foram construidos, multiplicados em E. coli
TOPOI10 e purificados. A expressdo das proteinas MSP1a, MSP1b e MSP5 in vitro foi realizada em
células Vero usando lipofectamina 2000 e Imunofluorescéncia Indireta (IFA), utilizando anticorpos
monoclonais. Sete grupos de camundongos foram imunizados para avaliar a producdo de IgG total e
determinar os isotipos IgGl e IgG2a: G1-100 pL PBS; G2-100 pg de vetor; G3- 100 pg de
corpusculos iniciais de 4. marginale + adjuvante de Freund; G4- 100 ng pcDNA-mspla; G5-100 pg
pcDNA-msp1p; G6-100 ng of pcDNA-msp5 e G7- pool de plasmidios (33 pg de cada plasmidio). Trés
semanas apos a ultima imunizagdo, os camundongos foram sacrificados para avaliar a proliferagao dos
esplendcitos. As células Vero transfectadas com plasmidios recombinantes reagiram com anticorpos
monoclonais especificos, demonstrando a expressdao dos genes msp. IgG especifica para a MSP1a e
MSP5 foram detectadas tanto por ELISA quanto por Western blot. Os grupos que receberam pcDNA-
msplo. and pcDNA-msp5 mostraram predominio do isotipo 1gG2a, e proliferacdo de esplendcitos,
sugerindo que estes plasmidios sdo bons candidatos para estimular reposta imune Thl. A associagdo
dos trés plasmidios recombinantes (pcDNA-mspla, pcDNA-msp1p and pcDNA-msp5) empregados na
imunizagdo de camundongos induziram altos titulos de anticorpos por ELISA e reagiram com todas
proteinas recombinantes (rMSPla, rMSP1b e¢ rMSP5) de A. marginale por Western blot.
Adicionalmente, a combinac¢do dos plasmidios levou a uma forte proliferagdo de linfocitos (SI = 12,
2), enquanto o gene msplo determinou significante proliferacdo significativa (SI = 2,6) e os genes
msplP e mspS ndo promoveram proliferacdo (SI<2). Os resultados demonstraram que a associagdo dos
plasmidios induziu a expressdo das MSPs e estimulou significante produgdo de linfécitos T, podendo
ser uma estratégia eficiente para a imunoprofilaxia da anaplasmose.

Palavras-chave: MSPs,  Anaplasma marginale, Vacina DNA, imunogenicidade



ABSTRACT

KANO, F.S. Anaplasma marginale: V ariability analysis of gene msplo and immunogenic
evaluation of DNA vaccine containing genes for MSP1a, MSP1b and MSP5 in BALB/c
mice. 2007. 142.f. Thesis (Doctorate Degree in Animal Science) - Universidade Estadual de
Londrina, Londrina. 2007.

Anaplasma marginale is an important tick-transmitted rickettsial pathogen of cattle that invades
and multiplies within erythrocytes, causing severe hemolytic anemia during acute infection.
Immunization with purified outer membrane proteins (OMP) induces protection against acute A4.
marginale disease. Of 21 OMP described six major surface proteins (MSPs 1a, 1b, 2-5) have been
well-characterized. The complex MSP1 (MSP1a and 1b) is an adhesin for bovine erythrocyte, and
MSP1la vary in size and sequence due to the number of tandem 28-29-amino acid repeats. DNA
vaccine against anaplasmosis has been investigated using the mspl/a and msplf genes, and the
results related cellular and humoral response in mice and cattle. Immunization with DNA
plasmids encoding antigens of interest represents a novel and promising method in vaccine
research and development. Multiepitope DNA vaccine is a new experience to increase
immunogenicity and protection for vaccinated animal as compared in single epitope. The
objectives of this study were to analyze the variability of the msplo gene of A. marginale strains
from Parana State, evaluate the capacity of the recombinant plasmids to express MSP1a, MSP1b,
and MSPS in eukaryotic cells, and evaluate the immunogenicity of BALB/c mice immunized with
these DNA vaccines encoding MSPs of A. marginale PR1 strain individually or in association.
The analysis of the mspla gene identified the presence of six, five and three tandem repeats in
PR1, PR2 PR3, respectively; however, the region of MSP1a responsible for immunogenicity was
conserved. The plasmids pcDNA-mspla, pcDNA-msplf and pcDNA-msp5, which encode the
MSPs genes under the control of cytomegalovirus enhancer/promoter and intron A, were
constructed, multiplied in TOP10 E. coli and purified. Expression of MSP1a, MSP1b, and MSP5
in vitro was performed into Vero cells using lipofectamine 2000, following Indirect
Immunofluorescen Assay (IFA) using monoclonal antibodies. Seven experimental groups of mice
were immunized to evaluate the production of whole IgG and to determinate IgG1 and IgG2a
isotype: G1-100 ul PBS; G2-100 pg empty vector; G3-100 ng A. marginale initial bodies +
Freund’s adjuvant; G4-100 pg pcDNA-msplo; G5-100 pg pcDNA-mspIf; G6-100 pg pcDNA-
mspS; and G7-pool of recombinant plasmids (33 pg for each). Three weeks after the last
immunization, mice were sacrified to evaluate spleen cells proliferation. Vero cells transfected
with recombinants plasmids reacted with specific monoclonal antibodies, demonstrating the
expression of msp genes. Specific IgG against MSPla and MSP5 were detected in either by
ELISA and Western blot. The groups that received pcDNA-msplo and pcDNA-msp5 exhibited
predominance for IgG2a production and splenocytes proliferation, suggesting that these
recombinant plasmids are good candidates for elicited T helper 1 immune response. The
association of three recombinant plasmids (pcDNA-mspla, pcDNA-mspilf and pcDNA-msp5)
used in the immunization of mice induced high antibodies response by ELISA and reacted with all
recombinant proteins (rMSP1a, rMSP1b, and rtMSP5) of A. marginale by Western blot. Also, the
combination of plasmids provide strong lymphoproliferation (SI = 12,2), whereas the genes to
MSP1la provide significant splenocytes (SI = 2,6) and the genes to MSP1b and MSP5 did not
provide significant proliferation (SI<2). The results showed no suppression when the recombinant
plasmids were taken in association, and demonstrated that they can generate significant T-cell
lymphocyte. Thus, the immunization in association of recombinant plasmids encoding MSPs can
be an effective strategy for immunoprofilaxy of anaplasmosis.

Key Words: MSPs, Anaplasma marginale, variability, DNA vaccine, immunogenicity
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1.1. REVISAO DE LITERATURA

A anaplasmose ¢ uma hemoparasitose de carater febril e hemolitico de bovinos
causada pelo Anaplasma marginale (Theiler, 1910). Esta riquétsia pertence a familia
Anaplasmataceae (Dumler et al., 2001) e tem distribuicdo mundial. Bovinos das regides de
clima tropical e subtropical sdo mais acometidos devido as condi¢des climaticas favoraveis ao
desenvolvimento dos transmissores bioldgicos (carrapatos ixodideos) e mecanicos (insetos
hematofagos) (Rickey, 1981; Kocan et al., 2004).

Os prejuizos econdmicos ocasionados pela anaplasmose bovina sdo atribuidos a
reducdo na producdo de carne e leite, abortamento, morte e ao custo com o tratamento dos
animais (Rickey, 1981; Kuttler, 1984). Bovinos que se recuperam da doenca aguda tornam-se
persistentemente infectados e estdo protegidos contra o desafio com cepas homologas e
parcialmente protegidos ao desafio com cepas heterdlogas (Kocan et al., 2003).

As medidas de controle da anaplasmose incluem: redug¢do ou eliminacdo dos
transmissores utilizando o tratamento dos animais com produtos acaricidas e rotacdo de
pastagem; quimioprofilaxia; premuni¢cdo com sangue de bovinos portadores; vacinacdo com
cepas vivas atenuadas ou com cepa heteréloga ndo-patogénica (Anaplasma centrale) ou com
vacinas mortas (Palmer, 1989; Kocan et al., 2003).

As vacinas em uso para a anaplasmose sdo compostas por cepas vivas atenuadas
de A. marginale ou pela cepa heterdloga de A. centrale. Essas vacinas apresentam limitagcdes
devido a necessidade de criopreservacdo; eficacia (incapacidade para proteger contra cepa
heterdloga de A. marginale); dificuldade de padronizagdo da quantidade de inoculo; risco de
transmissdo de outros patdogenos como os virus da leucose enzodtica bovina (Rogers et al.,
1988), Babesia spp, Trypanossoma spp, Brucella spp, Mycobacterium spp e cepas heterdlogas
de 4. marginale, e possibilidade de indugdo de isoeritrélise nos recém nascidos (Kuttler et al.,

1984).
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Os corpusculos iniciais de 4. marginale semipurificados induziram imunidade
eficaz contra a doenga clinica (Montenegro-James et al. 1991). Adicionalmente, bovinos
imunizados com a fragdo de membrana externa do A. marginale demonstraram protegao total
aos desafios homologos e heterdlogos pela redugao significativa de riquetsemia nos animais
imunizados (Tebele et al., 1991).

Estudos com bovinos ¢ camundongos identificaram que a principal resposta da
imunidade protetora esta relacionada com a proliferacdo de linfécito T CD4", e a sintese de
interferon—gama (IFN-y) e anticorpos da subclasse IgG2 contra os antigenos de superficie do
microrganismo do género Anaplasma (Brown et al., 1998). Entretanto, a identificacdo de
antigenos de membrana externa do A. marginale que confere imunidade protetora ndo ¢ bem
caracterizada.

O seqiienciamento do genoma do A. marginale (cepa Saint Maries) identificou 21
proteinas antigénicas de membrana externa, das quais, quatorze sdo proteinas de secrecdo do
tipo IV (Lopes et al., 2005). Entre elas, seis proteinas principais de superficies (MSPs) foram
melhor caracterizadas e designadas de MSPla (105 kDa), MSP1b (100 kDa), MSP2 (36
kDa), MSP3 (86 kDa), MSP4 (31 kDa) e MSP5 (19 kDa) (McGuire, et al., 1984; Visser et al.,
1992; Oberle et al., 1993; McGarey et al., 1994; Palmer & Alleman et al., 1997). Estas
proteinas estdo envolvidas nos mecanismos de transporte de nutrientes, adesdo e invasao dos
eritrocitos, multiplicagdo nas células hospedeiras e com o mecanismo de evasdo do sistema
imune (McGarey et al., 1994; McGarey & Allred, 1994; Lanzer et al., 1997; French et al.,
1998).

A MSPI ¢ um complexo protéico formado pelas MSPla e MSP1b. A MSPla ¢
codificada por um Unico gene (mspla) e apresenta variacdo na massa molecular de 70 a 105
kDa devido ao numero de repeti¢des in tandem de 28 a 29 aminoacidos entre as diferentes

cepas de A. marginale (Allred et al., 1990, de la Fuente et al., 2001; 2003). A MSPI1b ¢
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codificada por familia multigénica (mspP1 e mspP2) e apresenta massa molecular de 100 kDa
(Barbet & Allred, 1991, Camacho-Nuez et al., 2000). Este complexo protéico apresenta
funcdo de adesina, onde a MSP1a participa na adesdo em células de carrapatos e eritrocitos
bovinos e a MSP1b faz a adesdo apenas em eritrocitos bovinos (McGarey et al., 1994; Blouin
et al., 2003; Garcia-Garcia et al., 2004).

A reacdo em cadeia pela polimerase (PCR), utilizando oligonucleotideos
iniciadores (primers) que flanqueiam a regido da seqliéncia repetitiva, possibilitou a
identificagdo do numero de repeti¢des existente entre as cepas de A. marginale (Lew et al.,
2002; Vidotto et al., 2006). As cepas australianas apresentaram apenas uma Unica seqiiéncia
repetitiva, o que nao foi verificado nas cepas de origem americana, mexicana, argentina e
brasileira de A. marginale que variaram entre uma a oito repeti¢des in tandem (de la Fuente et
al., 2004, Vidotto et al., 2006). O gene msplo demonstrou ser um marcador genético estavel
entre as cepas americanas de 4. marginale (de la Fuente et al., 2001, Bowie et al., 2002).
Entretanto, a analise filogenética da seqiiéncia de aminoacidos ¢ de nucleotideos da MSP1a
nao possibilitou a definicdo ou distribuicdo das cepas brasileiras ¢ do Novo Mundo de A.
marginale por regides geograficas (de la Fuente et al., 2003).

A caracterizacdo antigénica da MSPla, utilizando o anticorpo monoclonal
ANA22BI1, de cepas de 4. marginale de diferentes regides geograficas demonstrou a
conservagdao do epitopo (Kano et al., 2002, Oliveira et al., 2003). Dentro das seqiiéncias
repetitivas da MSPla existem aminoacidos conservados e varidveis e sdo reconhecidos
epitopos para linfocito T CD4" localizados, preferencialmente, na regido amino-terminal
(Brown et al., 2002). A resposta humoral também ¢ direcionada mais fracamente para a regiao
carboxi-terminal da MSP1a, diferentemente da regido amino-terminal (Garcia-Garcia et al.,

2004). O epitopo da MSP1a foi reconhecido pelos linfocitos CD4" de memérias em bovinos
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imunizados com proteinas de membrana externa e os bovinos apresentaram protegdo total
contra o desenvolvimento da riquetsemia (Brown et al., 1998).

Animais imunizados com as proteinas MSP1la e MSP1b apresentaram diminuigdo
da parasitemia, leve queda de hematocrito e redugao do nimero e gravidade dos casos clinicos
da doenga. Os animais foram protegidos contra desafios homdlogos e heterdlogos (Palmer et
al., 1986; Barbet et al., 1987; Palmer et al., 1989; Brown et al., 2002).

A imunidade protetora conferida pela fragdo de membrana externa de 4. marginale
inclui as seis MSPs. Bovinos imunizados com esta fragdo, tiveram predominio da resposta
humoral e celular (linfécito T) direcionada contra a MSP1, MSP2 e MSP3. Bovinos
imunizados com pcDNA/mspIB, apds o desafio também apresentaram forte resposta de
anticorpos direcionados para a MSP2 (Andrade et al., 2004). A MSP2 e a MSP3 sdo
codificadas por multigenes que apresentam variacdo genética e antigénica entre as cepas de 4.
marginale (Alleman et al., 1997; French et al., 1998; Kano et al., 2002; Oliveira et al., 2003).
A variacdo antigénica da MSP2 pode ocorrer num mesmo ciclo de riquetsemia da infecgdo
aguda (Eid et al., 1996) e foram detectadas trés variantes antigénicas da MSP2 numa infec¢ao
persistente. Polimorfismos genéticos e antigénicos foram identificados na MSP2 ¢ MSP3 e,
em fun¢do disso, sdo atribuidas a estas proteinas atividades no mecanismo de evasdo da
resposta imune e persisténcia do microrganismo no hospedeiro (, French et al., 1998; Palmer
et al., 2000). A regido hipervariavel da MSP2 existem multiplos epitopos para linfocito T
CD4" com produgdo de IFN-y e estdo em maior niimero na membrana (Brown et al., 2003;
Lopez et al., 2005).

As proteinas MSP4 ¢ MSPS5 sao codificadas por um Unico gene (msp4 e msp3) e sdo
conservadas antigénica ¢ molecularmente em todas as cepas de A. marginale estudadas e entre
as espécies de A. centrale e A. marginale (Visser et al., 1992; Oberle et al., 1993; Knowles et

al., 1996; Kano et al., 2002). A MSP4 mostrou-se pouco imunogénica frente aos soros de



21

animais vacinados com a proteina nativa purificada do isolado Flérida de A. marginale
(Oberle et al., 1993). A MSP5 ¢ uma das proteinas de A. marginale mais estudadas e
utilizadas no diagnodstico de anaplasmose, além de demonstrar boa imunogenicidade
(Knowles et al., 1996; Lopez et al., 2005; Marana et al., 2006).

Cepas brasileiros de 4. marginale apresentaram certo polimorfismo quanto aos
epitopos reconhecidos pelos anticorpos monoclonais, produzidos contra as MSPs da cepa
Florida, entre eles, os epitopos da MSP1b e MSP2. A MSP1a e MSP4 estao conservados entre
as cepas brasileiras. A MSP5 que apresenta epitopos conformacionais também se apresentou
conservada (Patarroyo et al., 1994; Kano et al., 2002).

A imunidade contra o A. marginale requer mecanismos humorais e celulares.
Anticorpos direcionados contra os corpusculos iniciais bloqueiam a infectividade da riquétsia
(Palmer & McGuire, 1984). Possivelmente, anticorpos contra as MSPs funcionam como
opsoninas, facilitando a fagocitose e a eliminagdo de A. marginale por macrofagos (Cantor et
al., 1993). Outra possivel fun¢io dos anticorpos neutralizantes seria o bloqueio da invasdo da
riquétsia em eritrocitos. Anticorpos contra a MSPla e a MSP1b bloqueiam a aglutinagdo de
eritrécitos de bovinos por corpusculos inicias de A. marginale (McGarey & Allred, 1994; de la
Fuente et al., 2003; Tamekuni et al., 2006).

Isoladamente, ¢ pouco provavel que os anticorpos contra o A. marginale sejam
capazes de proteger os bovinos contra a anaplasmose (Brown et al., 2001), pois a inocula¢ao
de soro de animais imunes em bovinos susceptiveis ndo protegeu contra o desafio com A.
marginale (Gale et al., 1992). Dessa forma, evidencia-se a importancia da resposta celular, a
qual envolve a participacio de linfocitos T auxiliadores (CD4"), produtores de interferon-
gama (IFN-y) (Brown et al., 1998). Esta citocina ativa macrofagos, aumentando a produgao de
oxido nitrico (NO), substancia que apresenta acao toxica sobre o A. marginale, estimulando a

expressdo de receptores de Fc e a fusdo de fagossomo e lisossomos (Brown et al., 1998). Em
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bovinos o IFN-y atua sobre linfocitos B, estimulando a produgao de IgG2 (Cantor et al., 1994).
Este isotipo de imunoglobulina apresenta maior capacidade de promover fagocitose por meio
da opsonizacdo em comparagdo ao isotipo IgGl (McGuire et al, 1979), possivelmente por
estar envolvido no processo de neutralizacdo da infectividade de corpusculos iniciais de 4.
marginale mediada por anticorpos (Tuo et al., 2000). Valdez et al. (2002) investigaram, in
vitro, a fungio de linfocitos T CD4 " durante a anaplasmose aguda, mediante a deplecdo parcial
destas células com anticorpo monoclonal anti-CD4 em bezerros esplenectomizados. Nao
foram observadas diferengas significativas com relacdo ao decréscimo do volume globular e
de riquétsemia dos animais com deplecio de linfocitos CD4" e o grupo controle. Estes
resultados evidenciam a participagio de linfocitos T CD4" na imunidade protetora para a
anaplasmose.

A avalia¢do da inducdo da resposta imune e a prote¢do clinica foram avaliadas
utilizando cepas heterologas de A. centrale (Vidotto et al., 1998), fragdo de membrana externa
(Tebele et al., 1991), MSPs nativas (Palmer et al., 1986), MSPs recombinantes isoladamente
(Palmer et al., 1989), vacinas de DNA com os genes mspl/o (Arulkanthan et al., 1999) ou
msplf (Andrade et al.,, 2004) de A. marginale. Os resultados obtidos demonstram o
desenvolvimento da indu¢do da imunidade com protecdo parcial ou total contra desafios
homologos e heterdlogos. A agregacio de rMSPs recombinantes ao Complexo
Imunoestimulante (ISCOM) demonstrou boa indugdo da resposta humoral e celular em
camundongos (Kawasaki et al., 2007 in press), o que pode ser avaliado em bovinos para
verificar a capacidade protetora desta construcdo. Recentemente, a identificagdo de novas
proteinas de membrana externa de A4. marginale, como a VirB9 em vetor plasmidial de
expressdo em células de mamiferos demonstrou capacidade promissora na inducdo da

imunidade protetora em bovinos (Lopez et al., 2007 in press).
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A 1identificagdo de outras proteinas com capacidade de indug¢dao da resposta imune
protetora ¢ de grande importincia para a incorporagdo em vacinas, para permitir o
entendimento das fungdes destas proteinas na patogénese do A. marginale e,

conseqlientemente, a protegao total contra cepas homologas e heterdlogas.
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Resumo

A vacinagdo com DNA ¢ uma das mais promissoras técnicas de imunizagdo contra uma variedade de
patogenos e tumores, para os quais os métodos convencionais ndo tem sido eficientes. Vacinas de
DNA sdo capazes de induzir resposta imune humoral e celular, tanto para resposta de linfocitos CD4"
quanto CD8", sem a necessidade de microrganismos vivos. Apesar do grande potencial de induzir
imunidade protetora, a vacina de DNA nem sempre apresenta bons resultados. A imunidade depende
de varios fatores como a selecdo do gene alvo, construgdo do vetor de expressdo, freqiiéncia e via de
administragdo da vacina, quantidade de DNA, localizacdo do antigeno codificado pelo plasmidio e
idade, saude e espécies de animais vacinados. Esta revisdo relata o desenvolvimento de algumas
vacinas de DNA para doencas de interesse na medicina veterinaria ¢ humana.

Palavras-chave: Anaplasma marginale, vacina de DNA, bovinos, resposta humoral, resposta celular

Abstract

The vaccination with DNA is one of the most promising immunization techniques against a pathogens
variety and tumors, for which the conventional methods have not been efficient. DNA vaccines are
capable to induce immune humoral and cellular response, directed to lymphocytes CD4+ and CD8+,
without the necessity of live microorganisms. In spite of the great potential of inducing protective
immunity, the DNA vaccine not always has success. The immunity depends on several factors such as
the selection of the target gene, construction of the expression vector, frequency and route of
administration of the vaccine, amount of DNA, location of the antigen codified by the plasmid and age,
health and species of vaccinated animals. This revision shows the development of some vaccines of
DNA for diseases of interest in the veterinary and human medicine.

Key words: Anaplasma marginale, DNA vaccine, cattle, humoral response, cellular response

Introduciao
A vacinagdo ¢ a medida mais eficiente e menos dispendiosa para evitar doengas infecciosas.

Apesar dos grandes beneficios das vacinas existentes, ha ainda muitas doencas para as quais ndo
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existem vacinas. Recentemente tem ocorrido o ressurgimento de varias doencas, principalmente nos
paises em desenvolvimento.

Diversas estratégias tém sido utilizadas para o desenvolvimento de diferentes tipos de vacinas.
As vacinas de primeira geracao foram produzidas com microrganismos vivos e atenuados, como a
vacina BCG contra a tuberculose, ou mortos e inativados como a vacina contra a Bordetella pertussis
(BLOOM, 1989). Na ultima década, o grande avanco da biologia molecular permitiu a introdugao de
novas estratégias para a obtengd@o e a producdo de antigenos e foram otimizadas novas maneiras de se
administrar e apresentar esses antigenos para as células do sistema imune. Estas estratégias permitiram
o desenvolvimento de vacinas mais seguras, eficazes e polivalentes. Entre estas estdo as de
subunidades, consideradas de segunda geragdo, constituidas de antigenos purificados e provenientes de
fontes naturais ou sintéticas, e antigenos recombinantes. As vacinas génicas ou de terceira geracdo
surgiram com a introdug@o de genes ou fragmentos de genes, que codificam antigenos potencialmente
imunogénicos, em vetores virais ou em DNA plasmidial (RODRIGUES JR et al., 2004).

A vacina de DNA foi descrita em 1990, quando o plasmidio contendo um gene reporter que
codifica a B-galactosidase expressou a proteina apds a inoculacdo direta no musculo de camundongos
(WOLFF et al., 1990). Este estudo avaliou fatores que determinam a eficiéncia da transferéncia do
gene e da imunogenicidade conferida pela inoculagdo do plasmidio. Posteriormente, a inoculagdo de
DNA que codifica uma proteina imunogénica do virus influenza conferiu imunidade protetora em
camundongos (ULMER et al., 1993). A partir destes resultados, o entendimento sobre o mecanismo
imunologico induzido por este tipo de vacina despertou interesse da comunidade cientifica.

Diversos trabalhos t€ém demonstrado a indugdo da imunidade protetora em camundongos pela
imunizagdo genética contra uma variedade de microrganismos como virus (DAVIS & McCLUSKIE,
1999), bactérias (STRUGNELL et al., 1997) e protozoarios (KALINNA, 1997), contra o cancer (LIU
et al.,, 2004) e algumas doengas autoimunes (RAMSHAW et al., 1997). Na medicina humana, as
pesquisas com vacinas de DNA tém sido direcionadas principalmente para a AIDS, maléria e
tuberculose (WANG et al., 1998, WANG et al., 2005; ZHANG et al., 2007). A utiliza¢do da vacinagao
por DNA na terapia contra tumores gerou resultados satisfatorios (LIU et al., 2004) e, recentemente,

resultou no controle de crescimento de melanoma em estagio avangado (LIAO et al., 2006).
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A administracdo de uma tnica dose de plasmidio pode proporcionar um amplo espectro de
resposta imune, incluindo a ativagdo dos linfécitos T CD8" e linfocitos T CD4", os quais secretam
citocinas e tém func¢do reguladora na produgdo de anticorpos (KOWALCZYK & ERTL, 1999). O
sucesso da imunizagdo com DNA depende, principalmente, da natureza dos antigenos, da freqiiéncia e
via de administracdo, da concentragio de DNA administrada, da localizagdo celular do antigeno
codificado pelo plasmidio (secretado, ligado a membrana ou citoplasmatico), da idade e saude do
hospedeiro ¢ da espécie dos animais vacinados (RAINCZUK et al., 2003; MOREL et al., 2004;
ROBINSON, 1997; FYAN et al., 1993).

O material genético dos microrganismos ¢ pouco estavel na célula humana devido ao tamanho
da molécula de DNA e a repulsdo existente entre as cargas negativas da membrana da célula e do
DNA. Quando o material genético ndo ¢ transfectado a célula, rapidamente ¢ degradado pelas
nucleases (LEVY et al., 1996) e ndo haverd produgdo de anticorpos pela auséncia da expressdo
protéica. Para facilitar a entrada do DNA na célula sdo utilizadas, em geral, particulas virais e
lipossomas (PERKINS et al., 2005; BRIANE et al., 2002), mas ha reagdes adversas. No caso das
particulas virais o risco estd na toxicidade dos virus, que podem se integrar a célula (GLENTING &
WESSELS, 2005). Melhorar a propagagdo pelas células ¢ de grande importdncia para o
desenvolvimento de vacinas de DNA, uma vez que a indugdo efetiva da imunidade tem requerido

varias imunizagdes utilizando concentragdes altas de plasmidios (MWANGI et al., 2005).

Construcao da vacina de DNA

A vacina ¢ baseada na tecnologia do DNA recombinante que envolve a transferéncia de um
determinado gene (transgene), que codifica uma proteina (imundgeno), dentro de um vetor de
expressao para células eucaridticas (WAINE & McMANUS, 1995).

Durante a década de 90, diferentes vetores que expressam genes em células de mamiferos
foram desenvolvidos, bem como novos métodos de transferéncia génica direta (AZEVEDO et al.,
1999). Um vetor ideal deve carrear grande capacidade gendmica; ser de facil producdo; direcionar a
resposta imune para tipos especificos de células; ndo permitir replicagdo autdnoma do DNA; garantir

uma expressdo gé€nica por longo periodo; ndo ser toxico; e ndo induzir rea¢des de tolerancia e auto-
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imune nos hospedeiros (GLENTING & WESSLES, 2005). Os vetores virais e plasmidiais sdo os mais
utilizados na transferéncia génica direta.

Os vetores virais sao de facil propagagao entre as células, eficazes na ativagao tanto da resposta
imune humoral quanto celular e requerem muitas vezes, apenas uma aplicagdo (SEDEGAH et al.,
1998). Entretanto, tém a desvantagem de serem derivados de patdgenos; apresentarem risco de
mutagénese insercional; inativacdo pelo sistema complemento; e serem contra-indicados para pessoas
com imunodepressdo. Portanto, os vetores virais sdo de interesse limitado para o proposito de
imunizagdo dependendo do gene em questdo (GLENTING & WESSELS, 2005).

Um dos vetores utilizados nas vacinas de DNA ¢é o plasmidio bacteriano, desenvolvido
originalmente para expressdo in vitro de proteinas em células de mamiferos (DAVIS & McCluskie,
1999). Os plasmidios apresentam maior seguranca bioldgica, baixo custo, facil producado, relativa
estabilidade e capacidade gendmica de 2 a 19 kilobases, que podem ser transferidos para as células
musculares.

Os plasmidios utilizados como vacinas devem conter os seguintes elementos
essenciais: 1) um promotor de expressdo para células de mamiferos; ii) sinal de poliadenilacao
(poliA) do transcrito (mRNA), iii) um marcador de selecdo; iv) uma origem de replicagdao
procaridtica e v) sitio de multipla clonagem onde ¢ inserido o gene de interesse. Outras
seqiiéncias também sdo importantes como intron que aumenta a atividade do promotor,

peptideo sinal e seqiiéncias de seis nucleotideos com fun¢do imunoestimulatoria

(GURUNATHAN et al., 2000; GLENTING & WESSELS, 2005), como mostra a Figura 1.
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Figura 1. Representacdo esquematica das principais caracteristicas genéticas de um vetor plasmidial

utilizado na vacina de DNA. Fonte: GLENTING & WESSELS, 2005

Os plasmidios que possuem um forte promotor ¢ que induzem a expressdo em altos niveis da
proteina em células eucarioticas, induzem uma melhor resposta imune (GARMONY et al., 2003). Os
promotores de origem virica como do citomegalovirus humano (hCMV) ou do virus Simius 40 (SV40)
induzem forte expressdo protéica quando comparados com outros promotores (NORMAN et al., 1997,
GARMONY et al., 2003), embora promotores de expressdo alternativos como do virus do sarcoma
(RSV) possam ser utilizados. A expressdo de um gene varia conforme o elemento regulatorio. A
expressdo da glicoproteina D (gD) do herpesvirus bovino 1 (BoHV-1) sob o controle do promotor do
citomegalovirus foi superior ao promotor originado do virus do sarcoma humano. Entretanto, a
caracteristica do gene em questdo pode influenciar na expressdo protéica sob a regulagdo do mesmo
promotor. A expressdo da hemaglutinina do parainfluenzavirus bovino 3 e o gene OMLA do
Actinobacillus pleuropneumoniae sob a regulagdo do promotor hCMV foi significativamente superior
ao gene da gD do BoHV-1 (van DRUNEN LITTEL-van den HURCK et al., 1999).

Posteriormente a regido do promotor de expressdo ha uma regido de multiplos sitios de
clonagem, seguida do gene da seqiiéncia de poliadenilagdo (poliA), para proporcionar estabilidade a
fita do RNA mensageiro (RNAm). A origem da seqiiéncia de poliA mais utilizada é originada do gene

do horménio de crescimento bovino (BGH) ou do SV40 (XU, et al., 2001, GARMONY et al., 2003).
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Os genes bacterianos de resisténcia aos antibioticos como a ampicilina e a kanamicina sdo os
marcadores de selecdo mais utilizados. Entretanto, a tendéncia € a substitui¢do por vetores que nio
utilizam genes de resisténcia aos antimicrobianos devido ao risco do plasmidio transformar a
microbiota do hospedeiro e disseminar a resisténcia aos antimicrobianos (GLENTING & WESSELS,
2005). A origem de replicacdo bacteriana ¢ derivada da Escherichia coli ColE1 que esta presente nos
plasmidios de clonagem da série pUC. Esta origem de replica¢do proporciona um elevado numero de
copias de plasmidios, a qual permite a obtencdo de grande quantidade de plasmidios purificados

(AZEVEDO et al., 1999, GURUNATHAN et al., 2000, GARMONY et al., 2003).

Vantagens e os potenciais problemas das vacinas de DNA

As vacinas de DNA oferecem uma série de vantagens quando comparadas as vacinas classicas,
em termos econdmicos e técnicos. O custo de produgdo das vacinas génicas em larga escala ¢
consideravelmente menor ao custo de produgdo das vacinas compostas de fragdo subcelular, proteinas
recombinantes e peptideos sintéticos (WHALEN, 1996, ROBINSON, 1997). O controle de qualidade ¢
mais facil, a comercializagdo ndo necessita de uma rede de refrigeragdo, pois estas vacinas sdo estaveis
a temperatura ambiente e podem ser liofilizadas (WAINE & McMANUS, 1995). Estes fatores
facilitam o transporte, a distribui¢do e o estabelecimento de amplos programas de imuniza¢des em
regides de dificil acesso, o que seria interessante para a realidade brasileira e de outros paises em
desenvolvimento (AZEVEDO et al., 1999, GLENTING & WESSLES, 2005).

A principal vantagem da vacina de DNA ¢ que assim como as vacinas atenuadas ela induz a
produgdo de anticorpos e de resposta imune celular, tanto linfocitos T auxiliares (CD4") quanto T
citotoxico (CD8") (van TIENHOVEN et al., 2001, NAGATA et al., 2004). Adicionalmente, as vacinas
génicas ndo sdo afetadas pelos anticorpos maternos, ndo apresentam risco de reversdo da atenuagdo e
podem ser produzidas contra agentes infecciosos de dificil cultivo e atenuagdo. A vacina pode ainda ser
co-administrada para multiagentes ou multiepitopos de um determinado agente infeccioso (HAN et al.,
1999, DOOLAN & HOFFMAN, 1997).

No caso de individuos imunocomprometidos, um grupo com alto risco de desenvolver uma

doenga, a vacina de DNA seria interessante, pois uma vacina comercial como, por exemplo, contra a
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tuberculose (BCG) ¢é contra-indicada (WHALEN, 1996). Em criangas e idosos, cujo sistema
imunologico se apresenta imaturo ou deficiente, a avaliagdo da vacina de DNA ndo apresentou os
riscos proporcionados pelas vacinas vivas atenuadas (SIEGRIST, 1997).

A tecnologia do DNA recombinante permite modificagdes nas seqiiéncias génicas, objetivando
a melhoria na resposta imunologica do hospedeiro, tais como incorporagdes de seqiiéncias
imunoestimulatorias (ISS), seqiiéncias de genes que codificam interleucinas e genes virais que
codificam proteinas que melhoram a propagacdo em células (RAINCZUK et al., 2003; ZHENG et al.,
2005).

Os riscos que podem ser gerados com vacinas de DNA, como a integragdo do plasmidio ao
genoma hospedeiro, gerando mutagénese pela ativagdo de protoncogenes ou pela inativagdo de genes
supressores de tumor, estdo sendo avaliados. Estudos tém mostrado baixa probabilidade de ocorrer
integracdo do plasmidio. Trés diferentes vacinas de DNA contendo genes virais foram avaliadas em
camundongos, ¢ se a integracao tivesse ocorrido, a freqii€ncia seria de oito integracdes do DNA por
células diploides. Isto seria trés vezes abaixo da freqii€ncia de mutagdo espontinea. Contudo, ensaios
de integrag@o sdo necessarios para todos os DNA plasmidiais que serdo usados em vacinas ara uso
clinico. Outros riscos incluem a indugdo de tolerancia, devido a apresentacdo do antigeno em longo
prazo, ou reagdes auto-imunes devido a inducdo de anticorpos anti-DNA. Estes anticorpos tém
aumentado de 20-30% em seres humanos, os quais ndo induzem qualquer doenca com os titulos
apresentados, ao contrario do aumento de 100-1000 vezes detectado em pacientes com doengas auto-

imunes (HENKE, 2002).

Mecanismo de Ac¢ao e Inducao da Resposta Imune

Inicialmente os mecanismos de processamento e apresentacdo de antigenos em células
musculares foram questionados, uma vez que estas células ndo expressam antigenos associados ao
complexo principal de histocompatibilidade de classe II (MHC II), moléculas co-estimuladoras B-7 ¢
ao antigeno-3 associado a fung@o da integrina do leucoécito, presentes em células especializadas em
apresentacdo de antigenos (BOYLE et al., 1998; LATOUCHE & SADELAIN, 2000). As células

musculares, provavelmente, liberam antigenos localmente, os quais sdo processados pelas células
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apresentadoras de antigenos (APCs), tais como as células dendriticas e as de Langerhans (RAZ et al.,
1993, WOLFF et al., 1990, MUMPER & LEDEBUR, 2001).

No mecanismo proposto (Figura 2), ap6s a inoculagdo intramuscular, o DNA ¢ incorporado as
células musculares (midcitos) e/ou células APC. Os DNAs que forem endocitados pelas células no sitio
de inoculagdo permanecem no nucleo celular sem ocorrer incorporagdo ao genoma da célula
hospedeira. As vias metabolicas da célula hospedeira sdo utilizadas para os processos de transcrigao do
DNA inoculado e, em seguida, o RNA mensageiro ¢ traduzido para que ocorra a sintese do antigeno
protéico relacionado ao agente infeccioso. Os antigenos expressos endogenamente sdo processados
pelas APCs e os fragmentos resultantes complexados com moléculas de classe I que sdo codificadas
por genes do complexo de histocompatibilidade (MHC I). Em seguida, estes peptideos sdo
apresentados na superficie celular para o reconhecimento e ativacdo especifica de linfocitos T CD8
citotoxicos. Alguns dos antigenos produzidos pelas células musculares sdo secretados para o espaco
extracelular, onde podem tanto estimular linfocitos B a produzir anticorpos especificos como ser
endocitados por outras células apresentadoras de antigenos. No processo de endocitose os antigenos
passam do compartimento extracelular para o interior das células APC e, por este motivo, sdo
considerados antigenos exdgenos e assim processados em compartimentos celulares diferentes
daqueles realizados quando o antigeno ¢é originado dentro da célula. Os fragmentos de antigenos
exégenos sdo complexados com moléculas da classe II e apresentados na superficie das células
apresentadoras para o reconhecimento e ativacdo de linfocitos T CD4 auxiliares. As vacinas de DNA
sdo, portanto, capazes de induzir ambos os tipos de imunidade protetora, humoral e celular, com a
estimulagdo de linfocitos T CD4" e T CD8", sem alguns dos possiveis riscos associados as vacinas com
organismos vivos (HENKE, 2002).

Apobs o processamento e apresentagao de antigenos pelas APCs sdo produzidas citocinas, como
a IL-12, que estimula a diferenciacdo das células T virgens em Thl efetoras (SIN et al., 1999). Por sua
vez, as células Thl produzem citocinas como o IFN-y que pode atuar na célula alvo que carreia o
transgene (OLIVEIRA et al., 1998; NAGATA et al., 2004) e melhorar a expressao de moléculas de

MHC classe II pelos macrofagos, facilitando a apresentacdo do antigeno e a ativagdo da célula T.
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Figura 2. Hipdtese mais aceita do mecanismo de acéo da vacina de DNA utilizando DNA plasmidial.
Apoés a imunizagdo com vacina de DNA o antigeno pode ser apresentado as células T pelas células
apresentadoras de antigenos (APCs) ou células somaticas (células musculares) transfectadas com o
DNA plasmidial expressando antigenos. Estas células, particularmente as células somaticas, podem
liberar antigeno para outra APC, pela secre¢do ou por apoptose das células transfectadas. Estas APCs
podem entdo, apresentar antigeno para células T CD4+ e CD8+. Fonte: adaptado

http://www.brookscole.com

No plasmidio contendo o transgene, pode-se clonar os genes que codificam os componentes
estimuladores da resposta imune (IL-2, IL-12 e IFN-y) ou mesmo co-administrar os plasmidios

recombinantes que codificam estas citocinas. Isto auxilia no processo de reconhecimento antigénico

entre as APCs e os linfocitos (RAZ et al., 1993; XIANG et al., 1997).
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A imunidade adquirida pela vacina de DNA persiste por longo periodo de tempo devido a
constante producao endogena do antigeno pela célula hospedeira ¢ a capacidade destes antigenos
estimularem linfécitos de memoria imunologica (SNADEEP et al., 1996).

A imunidade humoral € responséavel por uma significativa resposta preventiva nas infecgdes e a
IgG2a tem sido o isotipo predominantemente induzido pelas vacinas de DNA plasmidial
(VERCAMMEN et al., 2000; ONATE et al., 2003). O IFN-y produzido pelo linfécito Thl é uma
importante citocina moduladora de células B para a secrecdo de IgG2a antigeno especifico. Em muitas
infecgdes por microrganismos intracelulares em camundongos a resposta humoral é caracterizada pelo
predominio dessa imunoglobulina (COUTELIER et al., 1991, NAGATA et al., 2004). Por outro lado, a
produgdo de imunoglobulinas IgG1 e IgE especificas, dependem, em parte, da presenca da interleucina
4 (IL-4) produzida pela subpopulagao de linfocitos T auxiliares (Th2) (SNAPPER et al., 1988).

Fatores como dose de antigeno, tipo de patdogeno, a espécie animal, via de infeccdo ou
imunizagdo, formula¢do da vacina, e a forma do antigeno (solivel ou associado) influenciam no
desenvolvimento do tipo de resposta imune (FYAN et al. 1993, MOREL et al. 2004, JIN et al., 2004,

NAGATA et al., 2004).

Adjuvantes para vacina de DNA e seu papel na imunidade inata

Nas vacinas de subunidade, tais como as vacinas constituidas por proteinas recombinantes,
freqlientemente ha necessidade da utilizacdo de adjuvantes para aumentar a imunogenicidade do
antigeno (ULMER et al., 2006). Os adjuvantes, em sua maioria, sio moléculas derivadas de patogenos
como o lipideo monofosforil; derivados de saponina QS21; adjuvantes quimicos como o levamisol e a
bupivacaina; e seqiiéncias CpG que ativam células do sistema imune inato. Uma vez ativada essas
células modulam e direcionam para a resposta imune adquirida ou adaptativa (SINGH & O’HAGAN,
2002; LIMA et al., 2004, JIN et al., 2004).

As seqiiéncias CpG imunoestimulatorias sdo originadas de DNA bacteriano, ndo metiladas
com dinucleotideos CpG flanqueados por purinas e pirimidinas, diferentemente do DNA de
vertebrados. Estas seqiiéncias podem estar presentes em plasmidios bacterianos ou ser associadas ao

plasmidio recombinante para aumentar a efetividade da vacina. O sistema imune de vertebrados detecta
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a presenca do DNA CpG estranho pela ligagdo com o receptor Toll-like (TLRs) das células APCs e
liberagdo de citocinas, os quais estimulam a resposta imune adquirida (SINGH & O’HAGAN, 2002).
O efeito adjuvante das seqii€ncias CpG ¢ influenciado pela presenca do antigeno e liberagdo do DNA
(SINGH et al., 2000; COBAN et al., 2005). Existem controvérsias sobre o efeito adjuvante das
seqiiéncias CpG porque nem sempre a incorporagdo em plasmidio demonstrou melhora na resposta
imune. Entretanto, hé resultados que demonstram o aumento da imunogenicidade da vacina (ULMER
et al., 2000).

Seqiiéncias que codificam citocinas, quimiocinas ¢ moléculas co-estimulantes podem ser
incorporadas ou co-administradas aos plasmidios recombinantes para modular a resposta imune
(ULMER et al., 2006). As citocinas avaliadas como adjuvantes incluem IL-1, IL-2, IL-12, IFN-y e o
fator estimulante de macrofago granulocitico (GM-CSF) (PASQUINI et al., 1997). Contudo, todas
estas moléculas exibem toxicidade relacionada a dose. Genes que codificam citocinas, incluindo IL-2,
IL-4, IFN-y foram testados para avaliar a habilidade de ampliagdo da resposta imune em camundongos
(DUFOUR, 2001). A incorporagido do gene do GM-CSF de suino na vacina de DNA contra a Doenga
de Aujeszky (DA) demonstrou aumento da protecdo clinica de suinos, proporcionada pelo aumento da
atividade de célula T (SOMASUNDARAM et al., 1999). A adi¢do do gene que codifica o IFN-y a
vacina de DNA contra virus da imunodeficiéncia felina (FIV) também aumentou a protegdo clinica
revelando um decréscimo da carga viral apés a infeccdo (HOSIE et al., 1999). Entretanto, a
incorporagdo do gene do IFN-y suino reduziu a prote¢ao clinica contra a DA (SOMASUNDARAM et
al., 1999).

Outra citocina particularmente interessante, a IL-15, semelhante a IL-2, tem importante
participagio na proliferacdo das células T de memoria CD8" (KUTZLER et al., 2005). Porém, o DNA
plasmidial que codifica a IL-15 tem o seu uso limitado devido sua regulacdo complexa, que resulta na
baixa expressdo da citocina in situ. Contudo, em recente estudo, uma forma do plasmidio IL-15
aumentou a proliferacdo, longevidade e funcdo efetora das células T CD8+, quando medida pelo
aumento da imunogenicidade e eficacia protetora da vacina de DNA para influenza e HIV em

camundongos (KUTZLER et al., 2005).
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Genes de receptores estimulatorios (NKG2D) encontrado nas células natural killer (NK) e nas
células T citotoxica também podem ser incorporados ao DNA plasmidial. Esta incorporagdo
demonstrou aumento da eficacia das vacinas de DNA contra o cancer em camundongos (ZHOU et al.,

2005).

Vias de administracio da vacina de DNA

A administragdo da vacina de DNA utilizando a inoculagdo direta do plasmidio pelas vias
intratraqueal, intravenosa, intrabursal, intraorbital, intradérmica, intramuscular, oral, subcutinea e via
mucosa demonstraram sucesso na inducao da resposta imune em todas as vias testadas (FYNAN et al.,
1993; ULMER et al., 1997; UCHIJIMA et al., 1998; REN et al., 2002; YOSHIDA et al., 2000; CONG
et al., 2005, LI, et al., 2006). Entretanto, algumas vias proporcionaram maior ou menor nivel de
expressao de antigenos influenciando diretamente na imunogenicidade da vacina.

Os niveis de expressdo dos antigenos obtidos pelas diferentes vias de administracdo parecem
estar relacionados com a quantidade de células transfectadas obtidas apos administragdo dos
plasmidios. A via intramuscular (i.m.) ¢ a intradérmica (i.d.) liberam o DNA plasmidial no meio
extracelular, localizacdo pela qual, a maioria do DNA ¢ rapidamente degradada pelas nucleases (LEVY
et al., 1996). Diferentemente, o sistema gene gun libera 0 DNA dentro das células amenizando a perda
inicial do DNA. Nos trabalhos iniciais avaliando as vias de administragdo da vacina foi necessaria uma
concentracdo de DNA pela via intramuscular 100 vezes maior que o sistema gene gun para
proporcionar uma resposta imune equivalente (ROBINSON, 1997).

O sistema gene gun utilizado para vacinas de DNA foi avaliado em bovinos, eqiiinos, suinos,
caninos ¢ em aves (FYAN et al., 1993; MACKLIN et al., 1998; VANROMPAY et al., 1999). Em
galinhas, o gene gun foi o sistema mais eficiente para a liberacdo da vacina de DNA para influenza
(FYNAN et al., 1993). Em perus, a combinagdo das vias i.m. e intranasal induziu equivalente protecio
contra a Clamydia psittaci comparada a liberagdo obtida pelo gene gun (VANROMPAY et al., 1999).
Por outro lado, em suinos as imunizagdes pela via i.m. da vacina de DNA contra peste suina classica

induziram mais altos titulos de anticorpos do que pelo sistema gene gun (ANDREW et al., 2000).
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Assim, a eficacia da vacina de DNA varia com varios fatores que podem influenciar nestas vias de
administragdo, como vetor, adsor¢do as particulas, a espécie animal e o patdogeno.

O tipo de vetor utilizado nas imunizagdes com DNA na geragdo da resposta imune protetora
adquirida foi relatado. A imunizacdo de camundongos com os vetores VR1020 (expressa proteina
secretdria) € o vetor que expressa a proteina quimotatica associada ao monocito 3 (MCP-3),
administradas pela via i.d., induziram altos titulos de anticorpos. Contudo apenas o vetor MCP-3
apresentou resposta imune protetora pela imunizagdo com DNA plasmidial. A protecdo utilizando o
vetor VR1020 foi observada apenas apds o refor¢co da dose com proteinas recombinantes (RAINCZUK
et al., 2003).

A localizagdo celular da proteina, influenciada pela via, ¢ importante no tipo de resposta imune
gerada (LEWIS et al., 1999, MOREL et al., 2004). Geralmente, a imunizagdo pela via i.m. induz
preferencialmente a resposta Thl, enquanto que o sistema gene gun administrado na derme, estimula a
reposta Th2 ou uma resposta balanceada Thl/Th2, caracterizando a resposta imune humoral
(NAFTZGER et al., 1996; WEBER et al., 1998). Entretanto, a imunizacdo de camundongos por
sistema gene gun com plasmidios que codificam proteinas (ovoalbumina) citoplasmaticas e
transmembrana induziram forte resposta imune Thl e CD8" (MOREL et al., 2004). O predominio da
resposta Thl, determinada pelos titulos de IgG2a (razdo de 1gG2a/IgG1 =3), também foi demonstrado
em camundongos imunizados com o plasmidio contendo o gene da proteina do envelope do virus da
encefalite japonesa. Por outro lado, quando os plasmidios foram administrados revestidos com
microparticulas catidonicas foram observadas tanto a resposta Th1 quanto Th2 ¢ os titulos de anticorpos

IgG2a e IgG1 foram similares (razdo of [gG2a/IgG1 =1.13) (KAUR et al., 2004).

Recentes avancos para aumentar a imunogenicidade da vacina de DNA
A vacina de DNA tem apresentado baixa imunogenicidade em primatas, entretanto duas
vacinas foram recentemente licenciadas para animais, uma contra o virus da febre do Nilo do Ocidente

em eqiiinos € a outra contra virus da necrose hematopoiética infecciosa em salmao (ULMER et al.,
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2006). Provavelmente, a falha da vacina de DNA em induzir forte resposta imune em seres humanos ¢
a baixa produgdo de antigenos, a liberagdo celular do DNA plasmidial ¢ a estimulagdo ineficiente do
sistema imune inato ineficiente. Os esfor¢os para aumentar estes aspectos da vacina de DNA
aumentaram sua eficacia em animais (ULMER et al., 2006).

Alteragdes nos vetores tém sido realizadas para melhorar a poténcia da vacina como alteragdo
no vetor para aumentar a eficiéncia do promotor; utilizagdo de seqiiéncia lider alternativa e substituicao
de codons de mamiferos pelos usados por patogenos. Esta ultima alteragdo, a constru¢dao de vetores
com otimizagdo de cddons, ¢ para evitar as limitagdes do contetido celular de tRNA com cddons virais
e bacterianos, uma vez que os requerimentos para a tradu¢do do mRNA do patégeno sdo diferentes dos
das células de mamiferos. A otimizagdo do codon resultou no aumento da expressdo do antigeno gp120
do HIV, contribuindo para uma melhor disponibilidade de tRNA e maior estabilidade do mRNA
especifico (WANG et al., 2005).

A captacdo do DNA plasmidial pelas células apds a injegdo ¢ ineficiente. Somente uma
pequena propor¢do do material injetado é internalizada pelas células que resulta em sucesso na
transfeccdo, isto €, produgdo de antigeno pelas células do animal vacinado. Entretanto, duas estratégias
tém sido utilizadas para aumentar a poténcia da vacina: i) liberagdo fisica para alcancar altos niveis de
antigenos e ii) formulagdo com microparticulas para células alvo apresentadoras de antigenos (APCs)
(ULMER et al., 2006).

Uma efetiva tecnologia de liberagdo fisica do plasmidio usa a eletroporagdo (EP) in sifu para a
liberagdo do vetor diretamente dentro das células. Esta tecnologia foi adaptada para uso em animais
vivos, pelo qual um campo elétrico ¢ criado nos tecidos perto do sitio de inoculagdo da vacina. A EP
aumenta substancialmente a producdo de antigenos ¢ a resposta da célula T em primatas ndo-humanos,
produzindo altos niveis de célula T CD8" como 5% do total de célula T (OTTEN et al., 2006). Este
nivel de imunogenicidade em primatas ¢ usualmente obtido somente pelo uso de vetores virais vivos,
como adenovirus recombinante (ULMER et al., 2006). Outra recente tecnologia de liberacdo fisica do
plasmidio usa tatfooing com o objetivo de administrar o DNA nas células da pele (BINS et al., 2005).

Esta técnica, a qual é similar a vacinagdo efetiva com a variola, parece diminuir o tempo requerido para
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a indugdo de resposta imune potente e protetora. Isto deve estar relacionado com a rapida producao do
antigeno apo6s a vacinacao.

Uma segunda estratégia para liberacdo da vacina de DNA envolve a tecnologia baseada em
microparticulas para as APCs alvo. A eficacia das vacinas de DNA aumenta se o material genético for
revestido por microesferas biodegradaveis que o protegem e liberam de forma gradual nas células do
organismo vacinado. Particulas de 1-3 um de diametro sdo rapidamente fagocitadas pelos macrofagos e
células dentriticas (DCs). Duas distintas formula¢des, baseadas em polimeros (acido lactico e acido
glicolico PLG) e lipidio catidénico foram relatadas recentemente. Estas formulagdes mostraram-se
efetivas para a liberagdo da vacina de DNA para o HIV em modelos primatas (OTTEN et al., 2005) e
antrax em coelhos (HERMANSON et al., 2004). Em ambos os casos, a interagdo de moléculas de
DNA plasmidial carregadas negativamente com a formulagdo carregada positivamente € crucial para
liberagdo do DNA dentro das APCs, resultando no aumento da apresentacdo do antigeno para o sistema
imune. Os polimeros PLG s3o biocompativeis com as membranas celulares, pois sdo produzidos pelo
organismo humano e as microesferas nao sao toxicas e liberam o material genético de forma gradual, o
que garante a produgdo continua de antigenos e anticorpos. A quantidade de cada substincia nas
microesferas determina o ritmo da liberagcdo do DNA. (RODRIGUES JR et al., 2004).

Uma das razdes pela quais as vacinas de DNA sdo menos potentes que as vacinas vivas
atenuadas ¢ que o DNA ndo se distribui de maneira uniforme entre as células inicialmente
transfectadas, enquanto o nimero das células infectadas pelo microrganismo atenuado aumenta quando
este se replica. Esforcos t€ém sido realizados para aumentar o transito intracelular do antigeno,
explorando a capacidade de espalhamento célula-célula da proteina VP22 do herpesvirus humano tipol
ou do BoHV-1. Varios grupos tém demonstrado que constru¢des de DNA, que codificam proteinas de
fusdo da VP22 ligada a antigenos, aumentam a resposta imune em camundongos (KIM et al., 2004;
PERKINS et al., 2005) e bovinos (ZHENG et al., 2005). Contudo, ha controvérsia nesses resultados.
Alguns grupos mostraram que proteinas fusionadas com VP22 aumentam o espalhamento intracelular
quando avaliado in vitro (MWANGI et al., 2005), ou pelo numero de células dendriticas transfectadas
em noédulos linfaticos (KIM et al., 2004). A incorporagdao do gene da VP22 proteina de fusdo do

BoHV-1 demonstrou aumento da aquisi¢do do DNA plasmidial pelas células dendriticas e macrofagos,
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o qual, melhorou a resposta celular de linfocitos T auxiliar (CD4") com quantidades menores de DNA
plasmidial MWANGI et al., 2005). Contudo, um estudo ndo constatou a diferenca na distribuigao das
proteinas de fusdo-VP22 e que o antigeno isoladamente, obtido da transfec¢do do respectivo plasmidio
dentro das células de mamiferos, aumentou a resposta imune in vivo (PERKINS et al., 2005). Mais

estudos sdo necessarios para elucidar o modo de agdo desta estratégia.

Vacina de DNA na medicina humana e veterinaria

Vacinas de DNA mostraram serem efetivas para varias doengas causadas por virus, bactérias,
protozoarios e também para tumores. Conseqiientemente, esse tipo de vacina contribui para o controle
de doengas infecciosas, parasitarias e na terapia oncogénica em medicina humana e veterinaria.

As vacinas de DNA que codificam antigenos virais tém sido as mais investigadas e aquelas
especificas para o HIV foram as primeiras vacinas contra doengas infecciosas a serem avaliadas em
seres humanos (MacGREGOR et al., 1998). O HIV possui uma glicoproteina do envelope altamente
variavel e a maioria dos anticorpos gerados sdo muito especificos para essa proteina. Em contraste, a
resposta celular pode ser direcionada contra epitopos que sdo derivados de varias proteinas, incluindo
aquelas altamente conservadas entre diferentes estirpes virais. As atuais pesquisas tém focado o uso do
DNA na primo-vacinagado, seguida de um refor¢o heterélogo utilizando um vetor viral, pois a primo-
vacinacao com DNA demonstrou ser mais potente em primatas ndo-humanos (ULMER et al., 2006).

A vacina de DNA contra o HIV induziu resposta imune mediada por células (CMI) em
camundongos, mas estimulou fraca producdo de IFN-y pelas células T em primata ndo-humano e
também em seres humanos. A andlise de esplenocitos de camundongos BALB/c imunizados com uma
unica dose de vacina de DNA demonstrou duas populagdes de linfocitos T, o CD4+ ¢ CD8+, que
foram especificos para os antigenos do HIV. Os linfécitos CD8+ produtores e ndo-produtores de [FN-y
foram detectados nos estagios inicial e intermediario apds a imunizagdo (ARRODE et al., 2007).

Vacinas de DNA para a hepatite B foram analisadas em suinos e primatas ndo-humano. Trés
doses da vacina induziram titulos de anticorpos protetores nos animais ¢ a resposta em suinos foi

comparavel aos titulos induzidos com trés doses da vacina comercial com proteinas recombinantes
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(FULLER at al., 2006). Em humanos, esta vacina constituida do antigeno sAg induziu resposta celular
CD8" e CD4" significativa em 100% dos individuos (ROY et al. 2000).

Vacinas de DNA para os virus da influenza (MACKLIN et al., 1998) ¢ do sarampo também
foram analisadas em suinos e macacos por gene gun, mas induziram producao de anticorpos duas a dez
vezes menor do que as respectivas vacinas virais com virus inativado. Contudo, estas vacinas de DNA
ainda mostraram protegdo significativa contra a infec¢do, demonstrando que, embora a vacina de DNA
induza imunogenicidade mais baixa, quando comparado com as vacinas existentes, os niveis sdo ainda
suficientes para proporcionar protecao (FULLER et al., 2006).

A vacina de DNA para a raiva administrada em macacos por gene gun, similarmente a vacina
para o virus da influenza, induziu comparavel producdo de anticorpos e proteg¢do contra infecgéo letal
com virus da raiva, como na vacina produzida em células dipléides (LODMELL et al., 1998).

Entre as vacinas de DNA para infec¢des bacterianas, a vacina para o controle da tuberculose
humana e bovina foi uma das primeiras vacinas estudadas. O antigeno MPB83 do Mycobacterium
bovis demonstrou boa protecdo em camundongos imunizados quando desafiados com cepas virulentas
e estimulou resposta mista de IgG1 e IgG2a. Posteriormente, a imunogenicidade da vacina foi avaliada
em bovinos que apresentaram alta taxa de resposta proliferativa ao antigeno MPB83 (CHAMBERS et
al., 2000). A utilizacdo do gene da proteina hsp65 do M. tuberculosis foi avaliada na imunizagdo
genética de camundongos BALB/c pela via intramuscular nas formas “nua” (naked) e sistema gene
gun. A administragdo do plasmidio pelo sistema gene gun induziu resposta imune com doses 100 vezes
menor do que as requeridas pela imunizagdo i.m. Contudo, a imunizagdo i.m. protegeu os
camundongos e a imunizagdo pelo sistema gene gun induziu a resposta Th2 com altos titulos de IL-4 e
IL-10, mas ndo protegeu os camundongos contra o desafio com cepas virulentas (LIMA et al., 2001).

A associacdo do gene da hsp65 de M. tuberculosis a expressao da IL-12 induzida pelo virus
hemaglutinante do Japao (HVJ) incorporada ao lipossoma (HSP65+IL-12/HVJ) demonstrou melhor
eficacia na protecdo de camundongos e de cobaios quando comparados com a vacina BCG. Em
macacos Cynomolgus, esta formulagdo apresentou eficacia na protegao relacionada a mortalidade, peso
corporal, achados radiograficos e imunogenicidade. A combinac¢do da vacina HSP65+IL-12/HVJ e

BCG demonstrou efeito sinérgico nos macacos infectados com tuberculose, determinando 100% de
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sobrevivéncia. Estes dados indicam um novo modelo de vacina de DNA contra o M. tuberculosis que
pode ser utilizado para os ensaios clinicos fase inicial em humanos (OKADA et al., 2007).

A administracdo inicial do DNA plasmidial contendo o gene da proteina 58 (Ag85B) do M.
tuberculosis demonstrou protecdo contra a infec¢ao pelo M. tuberculosis e associou-se a participacao
de linfécitos CD4+ especificos ao Ag58B na producao de IFN-y e de controle do crescimento
intramacrofagico do M. tuberculosis. Surpreendentemente, essa prote¢ao foi eliminada apds o reforgo
vacinal com a proteina recombinante (rAg58B). Segundo os autores, a perda da protecdo foi
relacionada com a excessiva proliferacdo de linfocitos CD4+ e a producdo de IFN-y em resposta a
proteina AgS58B. Estudos realizados no Brasil, utilizando a proteina P58 do Mycobacterium na
construcdo de uma vacina de DNA, identificaram uma atividade anti-cancerigena importante deste
gene em pacientes com melanoma, um dos mais graves tumores de pele. Apos o tratamento houve a
remissdo do tumor em dois pacientes com diagnostico de melanoma (RODRIGUES JR et al., 2004).

Para o controle da brucelose, uma vacina de DNA contendo o gene da enzima superoxido
dismutase (SOD) de Brucella abortus foi construida com o objetivo de diminuir os riscos de
contaminacdo dos manipuladores com a utilizagdo da vacina viva atenuada (cepas B19 ¢ RBS51)
(VELIKOVSKY et al., 2002). Camundongos BALB/c receberam trés doses por via i.m. e apresentaram
altos titulos de anticorpos com predominio da IgG2a e proliferacdo de linfocitos com produgdo de IFN-
y. O grau de prote¢io dos camundongos desafiados com 10* UFC da cepa B. abortus 2308, apos cinco
semanas da ultima imunizagdo, foi similar aos animais vacinados com a cepa vacinal RB51 (ONATE
et al., 2003). Posteriormente, camundongos foram imunizados com esta mesma constru¢do pela via
intraesplénica para induzir resposta celular. Até o final do experimento ndo foram detectados
anticorpos especificos para a SOD. Na estimulagdo de esplendcitos, foi detectada secregdo de IFN-y,
mas nao de IL-4 ¢ apenas a populacdo de CD8+ apresentou atividade citotoxica. Apds quatro semanas
da imunizagdo, camundongos foram desafiados intraperitonialmente com cepas virulentas de B.
abortus, mostrando protecio superior a via i.m. (MUNOZ-MONTESINE et al., 2004).

Para o Staphylococcus aureus a vacina de DNA contendo um gene importante da adesina da

bactéria (CIfA) induziu a producdo de anticorpos especificos e resposta celular em vacas em lactagao.
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A inclusdo de adjuvantes com os plasmidios diminuiu a variabilidade da resposta entre os animais e a
resposta de anticorpos foi altamente direcionada para IgG2 no soro e leite, ocorrendo uma fraca
resposta de IgG1 especifica para CIfA sem adjuvante. A estratégia de se utilizar um reforco com
proteinas induziu anticorpos que aumentaram a fagocitose e diminuiram a adesdo da bactéria. Os
resultados sugerem que a inje¢do intramuscular do plasmidio codificando CIfA de S. aureus gera
resposta Thl em vacas leiteiras e a estratégia de vacinagcdo combinando adjuvantes moleculares e
refor¢o com adesinas serd um importante componente da vacina contra a mastite bovina ocasionada
pelo S. aureus (NOUR EL-DIN, et al., 2006).

A vacina de DNA contra a leptospirose que codifica uma proteina associada a hemolise
(Hapl) foi avaliada em gerbil. Apos trés semanas da imunizagdo os animais foram protegidos contra o
desafio com a Leptospira interrogans patogénica (BRANGER et al., 2005).

Genes que codificam proteinas do Plasmodium falciparum, agente da malaria, foram relatados
como seguros e imunogénicos para seres humanos (WANG et al., 1998; EPSTEIN et al., 2004; WANG
et al., 2005). Estudos com diferentes proteinas do Plasmodium spp estdo sendo desenvolvidos na
tentativa de caracterizar e eleger os antigenos mais imunogénicos e protetores para a doenca.
Tentativas de utilizacdo de diversos genes para mimetizar os antigenos do protozoario mostraram que
alguns genes interferem negativamente, inibindo a expressdo de um outro antigeno (SEDEGAH et al.,
2004).

A imuniza¢do de camundongos com os plasmidios contendo os genes que codificam as
proteinas GRA1, GRA7 ¢ ROP2 de Toxoplasma gondii induziu imunidade protetora parcial contra
desafios letais. Na linhagem de camundongos C3H a razdo Ig2a/IgG1 foi maior quando comparada as
linhagens BALB/c e C57BL/6 de camundongos. Coincidentemente, a porcentagem de protecdo contra
desafios letais com cistos de 7. gondii foi maior em camundongos da linhagem C3H (VERCAMMEN
et al., 2000).

Para Taenia solium a imunizagdo com DNA plasmidial contendo o gene do antigeno B de
Cisticercus cellulosae conferiu 92,6% de protecdo quando os suinos foram desafiados com ovos de

Taenia solium. Quatro de cinco animais imunizados com 1000 pg de plasmidio recombinante e
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desafiados ndo apresentaram cistos viaveis de cisticercose. Entretanto, a imunizagdo com 200 ug de
plasmidio recombinante néo foi capaz de impedir a formag@o de cistos viaveis (GUO et al., 2007).
Vacina de DNA contra a anaplasmose bovina tem sido investigada com diferentes proteinas de
superficie (MSPs). O gene (mspla) que codifica MSPla do Anaplasma marginale foi inserido no
plasmidio pVCL, vetor de células de mamiferos. A soroconversdo, apos a inoculagdo de camundongos
e de bovinos com o DNA plasmidial contendo o gene mspla, foi demonstrada apds 21 dias e seis a
oito semanas, respectivamente. Em bovinos a produ¢@o de imunoglobulina foi restrita ao isotipo IgGl1,
embora a estimulacdo de linfocito T auxiliar também foi verificada com a produgdo de IFN-y
(ARULKANTHAN et al., 1999). A imunizagdo de bovinos utilizando apenas o gene que codifica a
MSP1b em plasmidio de expressdo para células de mamiferos (pcDNA3.1./mspIf), ndo estimulou
satisfatoriamente a producgdo de anticorpos no periodo de vacinagdo, mostrando a necessidade de mais
estudos para o desenvolvimento de uma vacina de DNA para o controle da anaplasmose (ANDRADE
et al., 2004). Uma vacina para anaplasmose incorporando a proteina VP22 do BoHV-1 demonstrou a
habilidade desta proteina melhorar a expressao da MSPla de Anaplasma marginale pelas células

dendriticas e macrofagos, o que sugere uma melhora na propagacao da vacina de DNA para as células

T CD4" (MWANGI et al., 2005).

Seguranca biologica

As pesquisas t€ém focado na construg¢do funcional das vacinas de DNA, portanto, a énfase na
seguranga tem sido limitada. Os elementos genéticos e as caracteristicas do hospedeiro relacionado a
biosseguranca das vacinas de DNA foram discutidos por GLENTING & WESSELS (2005). A
tendéncia da construcdo das vacinas ¢ a utilizagdo de vetores isentos de genes virais, substituicdo de
genes de resisténcia aos antimicrobianos por genes sintéticos € mutagdes para selegdo de clones.

Os procedimentos associados a constru¢ao da vacina, a avaliagdo pré-clinica e os ensaios
clinicos para estas vacinas sdo similares ao outros produtos bioldgicos. Em fun¢do do limitado
conhecimento cientifico sobre a seguranga biologica das vacinas de DNA, os estudos pré-clinicos

devem ser enfatizados para a avaliacdo da seguranca destas vacinas antes do uso comercial.
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Consideracoes finais

A vacinagdo com DNA ¢ uma tecnologia promissora na prevencao e controle de doengas em
medicina humana e veterinaria. Fatores como o tipo de vetor (promotor) e da localizagdo do plasmidio,
dose e tipo do antigeno, via de administra¢do, formulagdo da vacina, presenga ou auséncia de
seqiiéncias imunoestimulatorias, presenca de plasmidio adicional ou na forma de vacina de DNA
multivalente, influenciam no desenvolvimento do tipo de resposta imune. Estes fatores podem ser

otimizados para melhorar a resposta imune no modelo de espécie animal para cada doenca.
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2. OBJETIVOS

2.1. Objetivo geral
e Analisar a variabilidade dos genes mspla de diferentes amostras de A. marginale e
avaliar a imunogenicidade de plasmidios recombinantes contendo genes que codificam

as MSPs em camundongos BALB/c.

2.2. Objetivos especificos
e Determinar a relacao filogenética entre as seqii€ncias dos genes mspla das amostras de
A. marginale isoladas no Parana e em outras regides geograficas.
e Construir vacinas de DNA com os genes mspla , msplp e mspS em vetor de expressos
em célula eucaridtica.
® Avaliar a imunogenicidade das vacinas de DNA para MSP1a, MSP1b e MSP5 de 4.
marginale em camundongos BALB/c, utilizando os plasmidios recombinantes

individualmente e em associagao.
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Summary

Anaplasma marginale is an obligate intraerythrocytic rickettsial
pathogen (order, Rickettsiales: family, Anaplasmataceae) that
causes bovine anaplasmosis. This disease is widely distributed
in tropical and sub-tropical regions of the world and causes
important economic losses to cattle production. Major surface
protein (MSP)1a (mspla gene) is one of the six MSPs identified
on A. marginale from cattle, whose sequence and size vary
according to the number of tandem 28- to 29-amino acid re-
peats. This study characterized the mspla and mspd genes
obtained from three distinct Brazilian herds from the State of
Parand. Three strains of the mspla and one strain of the msp4
gene were sequenced. The strains evaluated revealed PCR
products of different size, representing three, five and six
internal repeats. Sequence analyses confirmed the number of
tandem sequence copies and revealed a high degree of sequence
identity with strains from other Brazilian States, as well as
strains from the USA, Europe and Israel. The mspla DNA
and amino acid sequences from A. marginale and DNA
sequences of msp4 strains did not reveal distinct phylogeo-
graphical segregation. However, the amino acid sequences of
mspd demonstrated definite phylogeographical relationship.
These results suggest that the amino acid sequences of mspd
should be used for phylogenetic identification of A. marginale
strains and may be an important tool for the epidemiology and
control of anaplasmosis. Additionally, the close similarity of
the Parana strains of A. marginale with strains from USA,
Europe and Asia may reflect the introduction of these genes
during the development of the Brazilian bovine herd.

Introduction

Anaplasma marginale is an intraerythrocytic Anaplasmata-
ceqe pathogen transmitted biologically by infected ticks or
mechanically by biting flies and contaminated fomites
(Rickey, 1981). It causes bovine anaplasmosis, a cattle
disease with widespread distribution in tropical and sub-
tropical regions of the world that is a significant cause of
economic losses (Callow, 1984). Anaplasmosis is character-
ized clinically by fever, haemolytic anaemia, weight loss,
abortion and in some cases death (Alderink and Dietrich,
1981). Persistently infected cattle remain carriers with low
parasitaemia, serving as a permanent source of infection for
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susceptible cattle (Kuttler, 1984; Zaugg and Kuttler, 1985).
Knowledge of the genetic diversity among the various strains
of A. marginale has importance in epidemiological, virulence
and vaccine development studies.

Outer membrane proteins of A. marginale have been studied,
and variants of the six major surface protein (MSP) genes
(mspla, mspl, msp2, msp3, mspd and msp3) exist (Allred et al.,
1990; Barbet and Allred, 1991; Visser et al., 1992; Oberle et al.,
1993; Palmer et al., 1994, 2001; Alleman et al., 1997). Some
studies have demonstrated genetic variation among different
A. marginale strains by means of restriction fragment length
polymorphism analysis (Krueger and Buening, 1988), Repeti-
tive Extragenic Palindromic/Enterobacterial Repetitive Inter-
genic Consensus (REP/ERIC) PCR patterns (Ferreira et al.,
2001), PCR assay based on specific sequences of MSPs (de la
Fuente et al., 2001; Lew et al., 2002) and protein sequence (de la
Fuente et al., 2001, 2004).

Major surface protein 1 is a dimer of two structurally
unrelated polypeptides, MSPla (mspla) and MSP1b (mspl f)
(Barbet et al., 1987). Major surface protein la varies in
sequence and size due to the number of tandem 28- to 29-
amino acid repeats (Allred et al., 1990; Palmer et al., 2001).
Thus the mspla gene presents an adequate feature for the
development of a generic A. marginale genotyping assay (Lew
et al., 2002), and it was shown to be a stable genetic marker of
A. marginale geographical strains (de la Fuente et al., 2001;
Bowie et al.,, 2002). However, mspla sequences or protein
sequences of strains from Oklahoma compared with those of
Latin America and United States demonstrate no geographical
clustering by maximum-parsimony (MP) (de la Fuente et al.,
2003). In addition, msp4 sequences are stable markers for
genetic characterization of A. marginale strains (de la Fuente
et al., 2003, 2004).

Antigenic (Gongalves Ruiz et al., 2002; Kano et al., 2002;
Oliveira et al., 2003) and genetic differences (Ferreira et al.,
2001) between Brazilian strains of A. marginale were recently
reported, but the genetic diversity of the MSPla sequences
were described in strains from only one Brazilian State (de la
Fuente et al., 2004). Major surface protein la sequences are
highly heterogeneous among A. marginale strains from Minas
Gerais, Brazil, and the msplo gene of these strains was not a
useful marker for phylogeographical characterization of
A. marginale strains (de la Fuente et al., 2004).

www.blackwell-synergy.com
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Analysis of A marginale Using msp 1z and mspd Genes

The objective of this study was to investigate the phylo-
variation ol msplz  and  mspd
A. marginale strains rom infected cattle within the State of

aenetic sequences of

Parana. Brazl

Materials and Methods
Anaplasma marginale strains
Three A. marginale strains were oblained [rom cattle of
different regions ol Parana State (PR). Brazil. Anaplasma
centrale and A, marginale [rom Florida strains were used as
controls. Anaplasma marginale strains [rom cattle from differ-
ions of Brazil (Ferreira et al.. 2001) were also used in
this study. These regions were Central-West Mato Grosso do
Sul (MS-CG). South-cast/Sdo Paulo-Jaboticabal (SP). South-
cast/ Minas Gerats (AUFVI1), South/Rio Grande do Sul (RS)
and South/Parana. The South Paranad strains were obtained
from three different herds: PRI, Veterinary Teaching Hospital,
University Estadual de Londrina; PR2. Irere Municipality,
Parana and PR3, Jaguapiti Municipality, Parana.

IPolymerase chain reaction

The genomic DNA ol A. marginafe strains was prepared using
the Purcgene Gentra System kit™ (Gentra Systems. Minne-
apolis. MN. USA). A PCR was designed using the lorward
primer 17331 S“TGTGCTTATGGCAGACATTTCC-3
(nucleotide positions 111 1o 90 relative 1o the transcription
start  site)  and  reverse  primer  (2957R F-AAA-
CCTTGTAGCCCCAACTTATCC-3") (positions 1090-1113)

described by Lew et al. (2002). To amplily the mspd gene. a sel

ol primers was constructed based on the GenBank sequence ol

(LO1987) F (3-CACCATGAATTACAGAGAATTG-3") and
R (¥-GCTOGAACAGGAATCTTGCTCC-3).

The PCR conditions for the mspla and mspd genes were
identical. and consisted of a PCR reagent mixture of 50 ul.
20 pmol of cach primer. 200 mm deoxynucleotide triphos-
phates, 1.5 mym MgCl, one unit of Taq DNA polvmerase
[Ill\ill'ﬂ_ﬂt!]‘l.'\]. Carlsbad. CA. USA). Ix PCR bufler (40 mm
Tris-HCI pH 8.0. 100 my KCL)y in 0.2 ml PCR tubes was used
m a Perkin Elmer DNA Thermal Cycler 9600 (Norwalk. CT.
USA). The amplification cycles lollowing an initial denatur-
ation at 94°C for 3 min consisted of 30 cycles of 1 min at 94°C,
I minat 55°Cand 2 mina C. followed by a final cvele with
a4 7 min extension step at C. Amplified products were
separated in 2% TBE (89 my Tris-borate. 2 my EDTA. pH §)
agarose gels using 100 bp ladders as size markers (100 bp
DNA ladder
USA} Gels were visualized with ethidinm bromide under UV

Lile Technologies, Invitrogen™, Carlsbad. CA,

lumination and photographed.

Sequence analy
Polvmerase chain reaction products ol msplz and mspd genes
were cloned in pCR4-TOPO TA cloning Kit for sequencing
(Invitrogen™) and sequenced using BigDye Terminator
(Applied Biosystems. Foster City, CA. USA) with the primers
1733F and 2957R (Lew et al.. 2002) for the tandem region. and
the M13 forward and reverse primers. The sequences were
submitted to BLASTnand BLASTx (Altschul et al.. 1990, 1997)

through the NCBI website (hittp://'www.nebinlmanih.gov/)

405

to verily the sequence 1dentity, and subsequently deposited in
GenBank.

Sequence alignment and phylogenetic anal

The percent identity ol protein sequences containing tandem
amino-acid repeat regions was determined by Vector NTI
Advance™ 10 Soltware (Invitrogen Corporation. Carlsbad.
CA. USA).

The A. marginale msplz gene [ragment containing tandem
repeat variable regions were used [or sequence alignment and
phylogenetic analysis. The complete msp4 genes [rom A

marginale strains were used (o conflirm the analysis ol msplz
gene fragments. Multiple sequence alignments, identity tables
and phylogenctic trees based on the DNA and amino acid

sequences o A marginale splz and spd genes were

obtained by using Vector NTI Advance™ 10 Software

(Invitrogen Corporation), which is based on the neighbour

Joining method.

The GenBank accession number of the DNA and amino
acid sequences of MSPla and MSP4 of A. marginale strains
used during this study are shown in Iigs 3. 4.5 and 6.

Results

The three PR AL miarginale strains showed amplicons of 1030,
964 and 790 bp with the primers [or msplz, representing six,
five and three internal repeats (Fig. 1; Table 1). Other Brazil-
ian strains from Sio Paulo, Mato Grosso, Minas Gerais and
Rio Grande do Sul States varied in size [rom 790 1o 950 bp.
g three to five internal repeats. The Florida strain

represen
used as control amplified eight repeat units as predicted from
the product sizes of 1190 bp (Fig. 1. lane 2: Table 1). The
msplz of A. cemtrale was not amplified (Fig. 1. lane 10).

The sequences of the MSPla repeat regions were obtained
for PRI, PR2 and PR3 A. marginale strains, and these msplz

sequences were deposited in the GenBank database with
accession numbers AY602768. AY998120 and AYY98121
respectively. The analysis of these sequences confirmed the
presence of six. five and three copies of tandem repeats.

respectively, in the amino terminal portion of the protcin.

Fig. 1. Amplification of msplz andem repeat sequences from different
strains of Anaplasima marginale by PCR using the 1733 forward and
2056 reverse primers (Lew et al., 2002). Lanes 1 and 11, 100 bp ladder
iln\i]rnyunT'“l: Lane 2 9 A marginale strains: Lane 2, Florda: Lane
3. Paranal: Lane 4, Parana: Lane 5, Parana3; Lane 6, Rio Grande do
Sul (RS18): Lane 7. Minas Gerais (UFV1): Lane 8, Centro Oeste: Lane
9, Sio Paulo (Jaboticabal): Lane 10, A, centrale.
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Table 1. Source of Angplasma margingle strains used in this study
including molecular size and predicted number of internal repeats of
cach product amplified

Strains Origin of strains Molecular size (bp) No. repeats
Florida Florida, USA 1190 8
PR1 Parana 1030 6
PR2 Parané 950 5
PR3 Parana 790 3
RS18 Rio Grande Sul 950 5
UFV1 Minas Gerais 790 3
co Centro Oeste 870 4
sSP Jaboticabal, SP 790 3

The repeat units from the three PR strains demonstrated
some differences in DNA and amino acid sequences (Fig, 2),
These sequences were compared with sequences of other
Brazilian strains (originated from Minas Gerais), and to all
known MSPla and MSP4 sequences of A. marginale.

By analysis of the amino acid sequences, the three Parana
straing for the MSPla pene of A. marginale demonstrated
differences in identity: when PR1 was compared with PR2 and
PR3, identities of 85% and 84% were observed respectively.
However, the PRI strain demonstrated a 100% identity with
strains from Mexico, and an identity of 97% with other
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(b)

A. marginale strains
Florida, USA
California, USA
Veracruz,Mexico
Brazil 9, Brazil
Brazil 12

Brazil 5

Brazil

virasore, Argentina
Salta, Argentina
PR1, Brazil

PR2, Brazil

PR3, Brazil

Structure of MSP1a tandem repeats
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Fig, 2, Scquence of MSPla tandem repeats in New World straing of
Anaplasma marginale. (a) The one letter amino acid code was used to
depict the different sequences found in MSP1a repeats, Repeat forms «
to @ were revised by de la Fuente et al. (2004) and 1 to @ are the new
repeat forms described from Brazilian strains, Asterisks indicate
identical amino acids. Gaps indicates delctions/insertions, (b) The
structure of the MSP1a repeat regions was represented for New World
strains of A, marginale using the repeat forms described in (a).
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previously described Brazilian strains (Brazil 5, 9 and 12). The
PR2 strain demonstrated a 91% identity with strains from
Oklahoma, USA and Italy, and 90% identity with other
strains from Qklahoma, USA, Ttaly and Israel, while the PR3
strain demonstrated an identity of 90% with some strains from
Israel. However, when the amino acid sequences of Parani 1
were compared with all other strains of A. marginale for the
MSP4 sequences, all strains produced identities that were
>97%. The phylogenetic relationships of the amino acid
sequences described in this study for the MSPla and MSP4 of
A. marginale are shown at Figs 3 and 4 respectively.

The amino acid sequences of MSPla repeat units from the
three PR strains have amino acid substitutions at different
positions (Fig, 2). These strains presented six new repeat forms
(4, Q, @, |, x and 0) in MSP1a sequences; thus Latin American
strains present 14 repeat forms from « to & (Fig. 3a), which
were not present in the sequenced North American strains of
A. marginale (Fig. 3). The repeat forms (o, g, 7, 4, 2, w, ¥, x
and 8) were predominant in most Brazilian strains relative to
the other strains of MSP1a analysed (Fig. 2B).

Phylogenetic relationships between the three Parand strains,
previously described Brazilian strains and strains of A. margi-
nale from other geographical locations (North and South
America, Asia, Australia and Europe) were inferred using
mspla and mspd DNA sequences deposited in GenBank, DNA
sequences for straing of mspla of A, marginale were obtained for
PRI, PR2 and PR3; however, only PR1 strain produced DNA
sequences of the msp4 gene; all sequences obtained during this
study are deposited in GenBank and are given in Figs 3 and 4,

Four definite clusters and various sub-clusters were
observed when the DNA sequences of the mspla gene of
A. marginale were analysed; however, definite phylogeo-
graphical segrepation was not observed (Fig. 5). The three
strains from the State of Parand (PR1, PR2 and PR3) were
separated into two different sub-clusters;: PR1 and PR2
straing were in the same sub-cluster with the first described
mspla strain of A. marginale in Brazil along with strains
from South, Central and North America; while the PR3
strain was more similar to the strains from Isracl. Addi-
tionally, the three Parani strains were different from most
American and European strains by polygenetic analysis; but
most American and European strains were separated into
various sub-clusters (Fig. 5).

The analysis of mspd DNA sequence also indicated that
MSP4 is not a pood marker for global phylogeographical
analysis; four definite clusters and various sub-clusters were
observed (Fig. 6). The msp4 sequence from PRI strain was
clustered together with Puerto Rico, Argentina, Australia and
other Brazilian strain, but was in a separate group from other
previously described Brazlian strains, which were within a
single cluster (Fig. 6).

Discussion

The repeat regions within msplo gene vary in number among
three A. marginale strains from Parana State, Brazl, when
tested by the sensitive and specific mspla PCR method for
A. marginale developed by Lew et al. (2002). This PCR test
also shows variations within and among mspla genes from
outbreaks of anaplasmosis in different countries. All Austra-
lian strains have a common product with only one repeat unit,
and no other isolate from any other country evaluated shows
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Fig. 3. Phylopenetic analysis of Ol
M5Pla amino acid sequences of
Anaplasma marginagle. Strains were
divided acconding to the country of
origin to emphasize peographical
distribution. Tree was constructed
using the Vector NTI Advance™
10 Software (hars represent substi-
tutions per 1000 bp; sequence acc-
essions numbers are given afier 0.1
SBqUENCE). =

this pattern. Thus, the A. marginale amplicons of many strains
from different countries range from 630 to 1190 bp, represent-
ing one to eight mternal repeats (Lew et al., 2002). The double
bands observed in Minas Gerais strain (Fig. 1, lane 7)
probably is becanse of multiple genotypes within the same
sample obtained from DNA of low dilution, as the bands were
of the same intensity. Similar findings have been reported
{Palmer et al., 2004); these aunthors have indicated that this
probably occurs becanse of superinfection with two different
straing of A. marginale. However, the occurrence of soperin-
fection in cattle by different genotypes of A. marginale was not
previowmsly recopnized {de la Fuente et al, 2002b). Therefore,
studies must be done to elucidate this phenomenon in bovine
anaplasmosis.

This PCR based on msplz pene has the potential to
discriminate A. marginale from different ontbreak cases in
Brazil. It ako allows differentiation of A. marginale from
A. centrale, and it is easier to interpret than REP/ERIC PCR

Slcl]y Italy AAW24034
[ Sici klihltaly AA
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patterns {Ferreira et al., 2001). According to the data obtained
by PCR, the sequence of the tandem-repeat nnits of MSPia
repeats present penetic heteropeneity.

Anaplasma marginale strains from Paranh, Brazil, demon-
strate high penetic similarity with MSPila of A. marginale
strains from Mexico (100%) and Minas Gerais, Brazil (90—
97%4), all other strains were different and phylogeographical
differentiation was not definite. While with the MSP4 amino
acid sequences the PR1 strain was more than 97% similar with
all other amino acid sequences, and phylogeopraphical segre-
gation was more distinct.

The repeat units from the three Parand strains present amino
acd snbstitutions at different positions, identifying six new
repeat forms (1, 2, w, o, x and #) and 14 repeat forms {z to &)
were present only in Latin American strains of 4. marginale
(Fig. 2). These repeat forms observed in the three Parand
strains have not been previomsly described in strains from other
countries, and may suppest a unique feamre within this
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geographical region. Recently, a study of A. marginale strains
from Minas Gerais, Brazil, ako demonstrated genetic hetero-
geneity among MSPla sequences from Brazilian strains of
A. marginge (de la Fuente et al, 2004), and these strains
included the repeat forms o, pr and 7, confirming the presence of
specific forms of tandem repeats only in Brazilian strains
{Fig. 2b).

The sequence SSAGGOOQESS that is located in the
N-terminal repeats of MSPla is the linear B-cell epitope
{Garcia-Garcia et al., 2004), which presents high variability by
amino acid substitution, contributing to the new repeal forms.
Moreover, CD4™ T-lymphocyte epitopes have been identified
in the hydrophilic N-terminal region of MSP1a that contains
the repeated peptides (Brown et al., 2002). Thos, this region
conlains the T- and B-cell epitopes necessary for developing a
prolective mmune response, and its high-level variability may
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Sicilylaly-AAYS1600

Scilyltaly-AAYS1608

Fig. 4. Phylogenetic analysis of
MSP4 amino acid sequences of
Anaplasans marginafe. Strains were
divided according 1o the country of
origin to emphasize geographical
distribution. Tree was constructed
wsing the Vector NTI Advanee™
10 Software (hars represent substi-
tutions per 1000 by, sequence acc-
essions numbers are piven after
sequence).

be an mportant factor in the lack of control of anaplasmosis
in endemic areas.

The presence of different MSPla genotypes in different
countries (Palmer et al., 2001; de la Fuoente et al., 2002a,b,
2004; Ferreira el al, 2001; Lew et al, 2002) suggests that
M3Pla sequences, although conserved during multiplication
of the parasite in the bovine host and afier transmission by
ticks {Palmer et al, 2001; Bowie et al., 2002), are rapidly
changing, resulting in penotype variations within A. margi
nafe populations. This heterogeneity between MSPla se
quences can probably be explained as a result of the position
of the tandem repeats of A. marginale within the region with
higher mutability, and this is supported by the frequency of
variable amino acid positions within geographical strains that
are higher in this regon than in the rest of the protein (Bowie
el al, 2002).
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Fig. 5. Phylogenetic tree showing the mlationship of Araplosma
margiuale strains from different geographical locaticns based cn the
DNA mgplx gene sequences chpaated in ClenBank. Strains were
divided acconding to the conntry of t;mgm te emphasize gﬂngmplm:al
distribntion. Tree was constrcted nsing the Vector NTL Advance™!
10 Software {bar represent substitmtions per 1000 bp: sequence
accessions numbers are given after seqouence).

This stidy has demonstrated that the DNA sequences of
the msplx gene did not provide a distinct phylogeographical
resolution, becanse of its high variability, similar results have
been described (de la Fuente et al, 2002a, 2003, 2004). In
contrast, mspd sequences may provide nseful phylogeograph-
ical information as they show patterns for A. marginale
straing on a broad peopraphical scale, where the Latin
American strains cluster into a separate clade (de la Foente
et al., 2004).

The analysis of mspla pene distribution after indusion of
PRi, PR2 and PR3 A. margingle straine did not provide a
definite phylogeographical resolntion; similar resnlts were
described (de 1a Fuente ot al., 2005b). These strains were
grouped with other Brazilian and American strains, while
previously described Brazilian straine were grouped with
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Australian strains, This pattern may represent multipk intro-
ductions of A. margingle straine from different geographical
locations, as during the development of the Brazilian cattle
indnstry, animalk were imported principally from the USA,
Enrope and Asia.

Although previons results have indicated that MSP4 &
cansidered as a highly conserved protein and that the analysie
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of mspd sequences may provide useful phylogenetic and
phylogeographic information for New World strains of
A. marginale (de 1a Fuente et al., 2001, 2002a, 2003, 2004), a
distinct phylogeographical distribution was not observed when
rspd sequences from PR1 and other regions of the world were
analysed (Fig. 6). Stmilar results were obtamed with the
analysis of nspd sequences, after inchision of European strains
{de la Fuente et al., 2003a). However, the phylogeographical
distribution of A. marginale strains was better demonstrated
and were more uniform by MSP4 pene analysis relative to the
MSP1 gene. Additionally, stadies have been initiated to obtain
more strains of A. margingle from diverse regions of Parand
State so that better phylogenetic analyses could be realized
across the State.

In conchusion, the analysis of partial mspla DNA sequences,
inchiding the tandem 28 to 2%amino acid repeats, did not
allow phylogeographical differentiation of Brazilian strains.
Anaplassea  marginale strains from Parand State, Brazil,
showed high penetic variability within the tandem repeats of
MS5Pla, as did strains from other parts of the world.
Additionally, phylopeopraphical segregation of A. marginale
is better achieved with the MSP4 amino acid sequences than
their MSPla counterparts.
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immunogenicity in BALB/c mice
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DNA vaccines encoding Anaplasma marginale MSPs induced immunogenicity in BALB/¢

mice

Abstract

This study evaluated the immunogenicity of DNA vaccines encoding major surface proteins
of Anaplasma marginale PR1 strain in BALB/c mice. The plasmids pcDNA-mspla, pcDNA-
msplpf and pcDNA-msp5, which encode the complete gene of MSP1a, MSP1b, and MSP5
protein under the control of cytomegalovirus enhancer/promoter and intron A, were
constructed. The antigens expression and immune response were evaluated by inoculation of
these recombinant plasmids in BALB/c mice. Six groups with eight mice each, G1 (100 pul
PBS); G2 (100 pug 4. marginale initial bodies + Freund’s adjuvants); G3 (100 pg pcDNA-
msplo + sucrose-phosphate-glutamato-SPG); G4 (100 pug pcDNA-mspip + SPG); G5 (100
ug of pcDNA- msplB + 2% levamisole) and G6 (100 pug pcDNA-msp5 + SPG) were
immunized by intramuscular route with three doses each 3 weeks. The immunization of mice
with MSP1a and MSP5-DNA vaccine elicited humoral response. ELISA no detected specific
IgG against MSP1b in two groups, which received pcDNA-mspI3 with SPG or levamisole.
However, specific I[gG MSP1b were detected in pools of mouse sera by Western blot started
after third immunization using rMSPI1b. Specific IgG against MSPla and MSPS5 were
detected in either by ELISA and Western blot. The results from groups that received pcDNA-
mspla. and pcDNA-msp5 exhibited predominance for IgG2a production, and splenocytes
proliferation that suggest that these recombinant plasmids are good candidates for elicited T

helper 1 immune response.

Key words: Anaplasma marginale, DNA vaccine, BALB/c mice, Immunogenicity, MSPs

Introduction
Anaplasma marginale is an important tick-transmitted rickettsial pathogen of cattle

that invades and multiplies within erythrocytes, causing severe hemolytic anemia during acute
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infection (Kuttler, 1984). Cattle immunization with outer membrane fraction of 4. marginale
resulted in complete to partial protection after challenging with homologous and heterologous
strains (Tebele et al., 1991). Complete protection was associated with development of
immunoglobulin G2 (IgG2) responses directed predominantly against antigen specific, and
production of interferon gamma (IFN-y) by antigen specific T cells (Brown et al., 1998; Tuo
et al., 2000).

Outer membrane proteins of the erythrocytic stage of 4. marginale have been the
focus of research direct toward an improved vaccine against anaplasmosis (Palmer et al.,
1999). Six major outer membrane proteins designed major surface proteins (MSPs) were
described in 4. marginale. MSP1la and MSP1b (MSP1 complex) are important in adhesion
and invasion of A. marginale in host cells. MSP1a adhere in bovine erythrocytes and tick
cells, while MSP1b adhere only in bovine erythrocytes (McGarey et al., 1984; Garcia-Garcia
et al., 2004). MSP4 and MSPS were conserved in different isolates of 4. marginale in the
world (Visser et al, 1992, Oberle et al., 1993, Kano et al., 2002), and MSP5 was useful to
diagnostic of bovine anaplasmosis (Knowles et al., 1996, Andrade et al., 2001, Yoshihara et
al., 2003). The MSP2 and MSP3 proteins were polymorphic in different isolates and elicited
distinct antigens during rickettsemia cycle; the MSP2 showed strong immune response (Eid et
al., 1996, Brown et al., 2003).

DNA vaccines were used successfully to raising immune responses humoral and
particularly the cell-mediated immunity (CMI), against several pathogens, such as virus,
bacteria, parasites, and tumor antigens using diverse animal models (Ulmer et al., 1997;
Vercammen et al., 2000; van Drunen Little-van den Hurk et al., 2001, Liao et al., 2006).
Furthermore, DNA vaccine demonstrated many advantages over the standard immunization
procedure, such as no risk of infection, induction of a long-lived immune response, better

stability than live attenuated vaccines, low cost (Donnelly et al., 1997), and specially to
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induce strong CMI responses, which can be very effective vaccine against intracellular
microorganisms (Doolan & Hoffman, 1997). DNA vaccines can mimic characteristic of live
vaccines due to their ability to induce production of microbial antigens in both transiently
transfected non-immune cells and antigen-presenting cells in the vaccine inoculation site and
nearby draining lymph nodes (Condon et al., 1996, Donnely et al., 1997, Del Giudice &
Rappuoli, 1999).

Mixing adjuvants with DNA vaccines can sometimes enhance their potency. This
effect is observed with both conventional adjuvants and experimental immune potentiators
that are known to stimulate innate immune responses or facilitate co-stimulation. Chemical
adjuvants as levamisole and bupivacaine, and CpG sequence that active cells of innate
immune system (Ulmer et al., 2006).

The objective of this work was to evaluate the capacity of the DNA vaccines
pcDNA-msplo, pcDNA-msp1p, and pcDNA-msp5 induce immunogenicity in BALB/c mice.
For pcDNA-mspIf3 was evaluate two adjuvants, sucrose-phosphate-glutamate (SPG) and

levamisole, to elicited immune response.

Materials and Methods

Anaplasma marginale isolate and DNA extract

A. marginale isolate was obtained from infected cattle of Parana State (PR), Brazil,
and designed PR1 (Ferreira et al., 2001; Kano et al., 2002). DNA was extracted from stabilate
PR1 4. marginale using Purigene DNA Extract Kit (Gentra System, Minneapolis, MN, USA)

according to manufacture’s recommendation.

Construction of the recombinant plasmids
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Mammalian expression vector pcDNA3.1/TOPO ((Invitrogen™™ Life Technologies,
Carlsbad, CA, USA) was used to construct DNA vaccines. This vector is designed to promote
constitutive expression of cloned DNA inserts in mammalian cells. The three genes encoding
the antigens of interest (MSPla, MSP1b, and MSP5) were amplified by PCR using primers
based on complete gene sequence of A. marginale obtained of GenBank (accession number
AY 602768, M59845, and AY714547). At position 5’ of the forward primers were included
CACC that is complementary sequence of vector pcDNA3.1/TOPO (Invitrogen'™ Life
Technologies). In the reverse primers were excluded the stop codon. The set of primers for
msplo (F: ’CACCATGTCAGAGTATGTG3’ and R: 5°CGCCGCCGCCGCCTGCGCC3’), msplf
(F: >CACCATGACAGAAGACGACAA3’ and R: 5’CCTAGACCAACCAGAAGACTGC3’), and
for msp3 (F:5’CACCATGAGAATTTTCAAGATTGTG3’ and
R:5’AGAATTAAGCATGTGACCGCTG3’) were optimizing of the parameters of PCR with the
respective targets genes. PCR reagent mixture (50ul) consisting of 20 pmol of each primer,
200 mM deoxynucleotide triphosphates, one unit of Pfx DNA polymerase (Invitrogen™™ Life
Technologies, Carlsbad, CA, USA), 1.5 mM MgSQ,. The reaction was performed in a Perkin
Elmer DNA Thermal Cycler 9600 (Norwalk, CT) with the following time and temperature
conditions: one step of 5 min/94 °C; followed by 35 cycles of 1 min/94 °C, 1 min/60 °C, 1
min/68 °C, and a final step of 7 min/68 °C for msplo gene, and 5 min/94 °C followed by 35
cycles of 1 min/94 °C, 1 min/58 °C, 1 min/68 °C and a final step of 7 min/68 °C for mspIf3
and mspJ5 genes.

The products were analyzed by electrophoresis in a 1.5% agarose gel in TBE buffer
pH 8.4 (89 mM Tris; 89 mM boric acid; 2 mM EDTA), ethidium bromide (0,5 pg/ml) stained,
and visualized under UV light. The fragments were purified for cloning by QiAquick Gel

Extraction Kit (Qiagen, Valencia, CA, USA).
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The mspla, msplf and msp5 genes were cloned into pcDNA3.1/TOPO as
manufacturer’s instructions (InvitrogenTM Life Technologies, Carlsbad, CA, USA). After,
One Shot® TOP10 chemically competent E. coli was transformed with 3 pl of the cloning
reaction. The bacterial culture was spread on Luria Bertani (LB) agar (1.0% tryptone, 0.5%
yeast extract, 1.0% NaCl and 1.5% agar, pH 7.0) containing ampicillin (100 pg/ml). The
isolate colony was cultured in LB broth to extract plasmids using Qiaprep Spin Miniprep Kit
(Qiagen, Valencia, CA, USA).

The presence of inserts in recombinant plasmids from transformed colonies was
confirmed by PCR assay using primers of full-length fragment of the genes. Furthermore, the
correct in frame orientation of genes was confirmed by sequencing by Mega Bace
1000/Automated 96 Capillary DNA Sequencer (GE Healthcare, Little Chalfont, UK). The
quality of each sequence obtained was analysed with Phred/Phrap/Consed Analysis Program

(www.phrap.org) and the sequence identity was verified with sequences deposited in the

GenBank using BLAST software (http://www.ncbi.nlm.nih.gov/BLAST).

Production of DNA vaccines

Large scales culture of TOP10 E. coli containing recombinant plasmids were growing
in LB broth at 37 °C, and the Qiagen Plasmid Mega Kit (Qiagen, Valencia, CA, USA) was
used to prepare DNA. The recombinant plasmids were quantified by spectofotometry

measuring the optical density at 280 nm.

Production of recombinant MSPs proteins
The recombinant plasmids pET101-msplo, pET101-mspIf (Tamekuni et al., 2006)

and pRSET-msp5 (Marana et al., 2006) were used to produce recombinants MSP1a, MSP1b
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and MSPS5 as a fusion product with 6xHis. The rMSP1a, rMSP1b and rMSP5 were purified

using Ni-NTA resin according to the supplier’s instructions (Qiagen, Valencia, CA, USA).

Animal and experimental design

Four to six weeks old female BALB/c mice were randomly distributed into six
experimental groups with eight animals each. The mice were kept in conventional animal
facilities and received water and food ad libitum, and used under animal protocols approved
by the Institutional Research Committee (process number 26927/05).

Mice were anaesthetized prior following the injected with 100 pg of recombinant
plasmids in sucrose-phosphate-glutamate (SPG) buffer (Dong-Ji et al., 2000) or levamisole
for pcDNA-msp1p in each leg muscle. Six groups were formed: G1- negative control (100 ul
phosphate buffered saline (PBS); G2- positive control (100 pg 4. marginale PR1 strain initial
bodies + Freund’s adjuvant); G3- (100 pg pcDNA-mspla. + SPG); G4- (100 pg pcDNA-
msplp + SPG); G5- (100 pug pcDNA-msp1p + 2% levamisole); G6 (100 pg pcDNA-msp5 +
SPG). In the positive control group, the BALB/c mice were inoculated with 100 pg PR1 4.
marginale initial bodies emulsified with complete Freund’s adjuvant, and following two
immunizations with incomplete Freund’s adjuvant. The mice were vaccinated at weeks 0, 3, 6
weeks and blood samples were collected at weeks 0, 3, 6, and 9. The sera samples were stored

at — 20 °C until analysis.

Antibody assays and isotypes
Optimal dilutions were established using check board titrations with dilutions of sera
and conjugates. ELISA plates (Nunc-Immuno™ Maxisorp, Roskilde, Denmark) were coated

with 100 pl of the rtMSPla (Sug/ml) for G3; rMSP1b (5 pg/ml) for G4 and GS5; rMSP5

(Spg/ml) for G6; pool of rMSPs (5ug/ml) for G1 and G2. After overnight incubation at 4 °C,
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samples of serum from mice immunized groups were diluted 1:50 in PBS-Tween 20 pH 7.4
plus 5% non-fat dry milk. Then, diluted samples were added in duplicate to each well, and the
plates were incubated at 37 °C for 45 min. Positive and negative control sera were included in
each plate. Conjugates were used. Peroxidase-labeled anti mouse whole anti-IgG (Sigma)
(1:10.000), anti-mouse IgG1, and IgG2a horseradish peroxidase conjugate (1:50.000). The
substrate for the enzyme was OPD (ortho-phenylenediamine) 0.4 mg/ml, in H,O; 0.04% in
substrate buffer (0.1M acid citric, 0.2M Na,HPQOy). The reaction was stopped with 50 pL of
IN HCI. The absorbance values were average and the optic density (OD) values were

calculated as previously described (Garcia et al., 2006).

Western blot analysis

rMSP1a (G3), tMSP1b (G4 and GS5), rtMSP5 (G6), and whole antigens of E. coli BL21
(all the groups) were electrophoresed on 7.5-17.5% gradient SDS-PAGE (Laemmli, 1970).
The proteins were transferred onto a nitrocellulose membrane, 0.45 pm (Hybond-ECL™,
Amershan Biosciences UK Limited), as previously described (Towbin and Gordon, 1984).
After transfer, the nitrocellulose membrane was blocked (7mM Na,HPO4, 3mM NaH,POy,
140mM NaCl and 5% non-fat dried milk) for 1 h at room temperature. After washing, strips
of nitrocellulose membrane were incubated with pre immune and post immune pool sera of
mice from each group (G1 to G6) diluted 1:50 in a blocking solution. After washing, strips
were incubated with peroxidase-labeled protein G (1:5.000), and incubated for 1 h at room
temperature. The peroxidase activity was revealed using enhanced chemiluminescence (ECL)
(Amershan International, Amershan, UK). Protein molecular weight markers (BenchMark™

Invitrogen Life Technologies, USA) were used as standard.

Statistical analysis
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The OD results from IgG2a and IgGl were compared by ANOVA test, using
GraphPad  Prism  statistical  package, a P-value of < 0.05 was

considered as significant.

Lymphocyte proliferation

Female BALB/c mice immunized with recombinant plasmids and mice from control
groups were sacrificed three weeks after the last immunization. Single—cell suspension was
prepared from spleens for each group (Bonenfant et al., 2001). The splenocytes were culture
in microtiter, in triplicate wells at 2 x 10° cells/well, in RPMI 1640 supplemented with 10%
FCS, 2mM glutamine, 0.05 mM 2-mercaptoetanol and 100 U/ml penicillin-streptomicin). The
culture was stimulated with one of the following: 2.5 ng/ml of Con A (positive control) (type
IV, Sigma), PBS for negative control and 10 pg/ml of the rMSP1la for G3, rtMSP1b for G4
and G5, rMSP5 for G6, and a pool of recombinant proteins for G2. The culture were
maintained at 37 °C with 5% CO,. To quantity cell proliferation, 3-(4.5-dimethylthaizol-2-yi)-
2.5-diphenyltetrazolium bromide (Vybrant® MTT Cell Proliferation Assay Kit, Molecular
Probes) was prepared at 12 mM in PBS pH 7.2 and 10 pl of the solution were added to each
well in culture after 72 h. The plates with MTT were incubated for 4h at 37 °C. After labbing
the cells with MTT, 50 pl of DMSO was added and incubate for 10 min at 37 °C. The plates
were read absorbance at 540 nm by plate reader. The Stimulation Index (SI) was calculated as
the triplicate of stimulated cells (cells + Ag) divided by the cell control (cell + RPMI). An SI

> 2 was considered significant.

Results

A. marginale DNA vaccine construction
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The vaccines were constructed with the recombinant plasmids designated pcDNA-mspla.,
pcDNA-msp i and pcDNA-msp5. The expected fragment lengths of the mspla, mspip and
msp5 genes were amplified by PCR assay from recombinant plasmids, pcDNA- mspla.,
pcDNA- msplf, and pcDNA-mspS, using specifics set of primers for each genes. The
expected fragment lengths amplified were 2.2, 2.0 and 0.6 kb for mspla, mspip, and msp5
genes, respectively (Fig.1). Sequencing demonstrated the correct insertion of genes into
pcDNA vector and demonstrated identity with msplo, mspIf and msp5 sequences using

BLAST software (http://www.ncbi.nlm.nih.gov/BLAST).

Humoral Immune response of mice elicited by DNA vaccination
Serological responses were evaluated through the immunizations by ELISA and Western
blot. The whole IgG production in mice is showed in Fig.2. All pre-immune and control group
sera (G1) were considered negative (reacted below cut-off). G2 showed seroconversion after
second immunization and maintained stable through the experiment. In G3 and G6 groups
seroconversion started after second immunization, but only after third immunization all
animals were positives for specifics rMSP1la and rMSP5 proteins. In contrast, in mice sera
from G4 and G5 no seroconversion was observed by ELISA through the experimental weeks.
The IgG1 and IgG2a responses against MSP1a, MSP1b and MSP5 from vaccinated
BALB/c mice at 0, 3, 6 and 9 weeks after immunization showed in figure 3. The IgG isotype
humoral response demonstrated IgG2a isotype polarization for G3 and G6 groups that were
immunized with pcDNA-mspla and pcDNA-msp3, respectively. In contrast, mice immunized
with 4. marginale proteins emulsified in Freund’s adjuvants (G2) demonstrated predominance
for IgG1 isotype, and the IgG1 polarization at weeks 6 and 9 was significant (p<0.05). The
IgG2a isotype was predominant for mice immunized with MSP5-DNA and MSPla-DNA

vaccine after third immunization (p<0.05).
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Western blot results using pool of sera are shown in Fig.4. Sera from mice immunized
with pcDNA-mspIB + SPG (G4) and pcDNA-msp I3 + 2% levamisole (G5) reacted with 100
kDa (rMSP1b). Moreover, sera from mice immunized with pcDNA-mspla (G3) reacted with
70-105 kDa and pcDNA-mspS (GS5S) reacted at 31 kDa (rMSP5). Mice sera from positive
control group (G2) demonstrated reaction with rMSPla, rMSP1b and rMSP5 (data not
showed). All pre-immune sera, and sera post immune of mice from G1 (negative control) did

not show any reaction.

Cellular Immune response of mice elicited by DNA vaccination

The lymphoproliferation of spleen cells from mice immunized with pcDNA-mspla
and pcDNA-msp5 was significant (SI >2). In mice immunized with pcDNA-mspIf did not
show any proliferation (SI < 2) in both G4 and G5, with SPG and levamisole used as

adjuvant. No proliferation was verified in assay with spleen cells from G1 and G2 (Fig.5).

Discussion

The protective immune mechanism against bovine anaplasmosis has been associated
with both neutralizing and opsonizing IgG antibody and IFN-y mediated activation of
phagocytes (Cantor et al., 1993, Brown et al., 2003). Epitopes from MSP1 complex are
important for elicited CD4" T-cell response and humoral responses, and to induce protective
immunity against A. marginale challenge (Brown et al., 2001). The native MSP1 is naturally
processed for T-cell epitope presentation by antigen presentation cells (APC) that initiate
IFN-y-producing CD4" T-cell responses (Brown et al., 2002)

Immunization with DNA plasmids encoding for the antigen of interest represents a

novel and promising method in vaccine research and development. Studies have demonstrated
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that after naked DNA immunization, the antigen is naturally processed and presented on
major histocompatibility complex class I and class II molecules, inducing a broad range of
immune responses including antibody production, CD4" T helper cell activation, and CD8"
cytotoxic T cells (CTLs) (Donnelly et al., 1997, Ulmer et al., 1993, Nagata et al., 2004).

Few works with 4. marginale DNA vaccine have been related and the DNA vaccines
to MSPla and MSP1b have induced immune responses both BALB/c mice and calves
(Arulkanthan et al., 1999; Andrade et al., 2004).

In the present work, immunization of BALB/c mice with pcDNA-mspla (G3) and
pcDNA-msp5 (G4) elicited specific antibodies for MSP1a and MSP5 of 4. marginale after
third immunization. The mice immunized with pcDNA-mspIf3 (G4 and G5) no elicited
response in ELISA using rMSP1b, although, mice sera from these groups strongly reacted
with specific tMSP1b (100 kDa) in Western blot. It’s need further investigation.

The MSP1b is an important MSP that is associated with MSP1a in the native protein
through disulfide bonds (Vidotto et al., 1994). It presents variable regions with variant
specific epitopes that bind to different erythrocyte receptors (Camacho-Nuez et al., 2000).
After immunization of cattle with complex MSP1, all calves developed high titers of IgG
antibodies to both MSP1a and MSP1b polypeptides, although CD4" T-cell responses were
reproducibly detected only against MSP1a (Brown et al., 2001). The authors suggested that
MSP1la-specific T cells provide cognate help to both MSP1b specific B cells and MSP1a-
specific B cells.

In this work, mice immunized with pcDNA-msplo encoding MSPla and pcDNA-
mspS encoding MSP5 of A. marginale exhibited predominance of IgG2a antibody over IgG1
(p<0.05). The presence of the IgG2a isotype is often considered as evidence of a Th1 immune
response (Onate et al., 2003). Additionally, the protection against infection by an intracellular

pathogen, including Anaplasma, requires the generation of a Th1 immune response over time
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(Brown et al., 1998, Onate et al., 2003, Nagata et al., 2004). Thus, our results suggest that
intramuscular injection of plasmids encoding MSP1la and MSP5 generate a response biased
towards a Th1 response in mice, and could be used in the immunization of cattle.

In contrast, the G2 elicited IgG1 production five times higher than IgG2a. This is due
the antigens associated with Freund’s adjuvant that preferentially stimulate the Th2 immunity
and vigorously suppress the Thl type (Yip et al., 1999).

The route of DNA immunization and the cellular localization of the expressed protein
affect the type of immune response generated (Morel et al., 2004). In general, DNA
immunization by intramuscular injection induces Thl responses, whereas gene gun
immunization into the skin stimulates Th2 responses. However, it has been demonstrated that
gene gun immunization of mice with plasmid encoding cytoplasmic or transmembrane viral
antigens resulted strong Th1/CLT responses (Morel et al., 2004). The plasmid synthesizing
the Japanese encephalitis virus envelope protein injected as the naked DNA induced distinct
Th1 type of immune responses as evidenced by the preponderance of IgG2a antibodies (Kaur
et al., 2004).

The failure of DNA vaccine to induce a potent immune response can be attributed by
low levels of antigen production and inefficient stimulation of the innate immune system
(Ulmer et al., 2006). Different adjuvants with immunomodulatory and carrier properties have
been used together with DNA vaccine (Lima et al., 2004). The predominance of Thl
stimulatory activity determined by IgG2a production was reached when levamisole were used
as chemical adjuvant on DNA vaccination for foot and mouth diseases virus (Jin et al. 2004).
However, in our experiments, the results of use of levamisole and SPG with pcDNA-msp 1
was not conclusive, because the rMSP1b was not detected by antibodies from sera immunized

mice, by ELISA.
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In conclusion, the immunization of mice with plasmids encoding MSP1la and MSP5
induced Th1l immune response, predicted by IgG2a production, which stimulates its use in

immunization of cattle.
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Figure 1. Amplification of mspla, mspIf3 and msp5 genes of A. marginale using pcDNA-
msplo, pcDNA-msplf3 and pcDNA-msp5 as template by PCR using specifics primers for
each full length genes. Lane 1: 1 kb leader; Lane 2: msp/o amplified from pcDNA-mspla;
Lane 3: mspIf gene amplified from pcDNA- msplf; Lane 4: msp5 gene amplified from
pcDNA- msp5,; Lane 5:100 bp ladder.
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Figure 2. IgG antibody response measured by the indirect enzyme-linked immunosorbent
assay (ELISA) in BALB/c mice of the (a) G1 (100 ul phosphate buffered saline-PBS), (b) G2
(100 pg initial bodies A. marginale), (c) G3 (100 ug pcDNA-mspla), (d) G4 100 ng pcDNA-
msplf + sucrose-phosphate-glutamato-SPG), (e) G4 (100 pg pcDNA-mspIB + 2%
levamisole), (f) G5 (100 pg pcDNA-msp5 + SPG). Mice were immunized at weeks 0, 3, and
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Figure 3. Humoral responses of serum IgG isotype from BALB/c mice immunized with
DNA-vaccine encoding 4. marginale MSP1a, MSP1b, and MSP5 proteins. Pool of serum
taken 0, 3, 6 and 9 weeks after initial immunization were analyzed by ELISA. (a) Gl
(phosphate buffer saline-PBS), G2 (100 ug initial bodies 4. marginale + Freund’s Adjuvant),
(c) G3 (100 pg pcDNA-mspla. + sucrose phosphate glutamate-SPG), (d) G4 (100 ug pcDNA-
msplb + SPQG), (e) G4 (100 ug pcDNA-msplb + 2% levamisole) and (f) G5 (100 pg pcDNA-
msp35 + SPG).
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Figure. 4. Reactivity of sera from mice immunized with DNA vaccines encoding MSP1a,

MSP1b and MSP5 by Western blot. Serologic analysis was developed with a pool of six
groups antisera at weeks 0 and 9 from mice immunized in experimental study. Lanes 1 and 2
represents pre immune sera. Lanes 3 and 4: post immune sera at week 9. (A) G3 - pcDNA-
msplo. + SPG (lanes 1 and 3: BL21 E. coli; lanes 2 and 4: tMSP1a). (B) G4 - pcDNA-msp1f3
+ SPG (lanes 1 and 3: BL21 E. coli; lanes 2 and 4: tMSP1b). (C) G5 - pcDNA-mspif} +
levamisole 2% (lanes 1 and 3: BL21 E. coli; lanes 2 and 4: tMSP1b). (D) G6 - pcDNA-msp5
+ SPG (lanes 1 and 3: BL21 E. coli; lanes 2 and 4: rtMSP5). The positions and molecular

masses (in kilodaltons) of protein standarts are also shown.
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Figure 5. In vitro proliferation of splenocytes from DNA-vaccinated BALB/c mice after
stimulation of rMSPIb and rMSP5, MTT (3-(4.5-dimethylthaizol-2-yi)-2.5-
diphenyltetrazolium bromide) was added for 4 h. The incorporated MTT cell was then
measured. Control splenocytes from mice received the PBS. For comparative purposes,
splenocytes from no immunized BALB/c mice were included in the experiment. Stimulation

Index (SI) values higher than 2.0 (dashed line) was considered significant.
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Enhanced immunogenicity of DNA vaccine encoding MSP1a, MSP1b, and MSP5

antigens of Anaplasma marginale in association

Abstract

Immunization with DNA plasmids encoding for the antigen of interest represents a
novel and promising method in vaccine research and development. Multiepitope DNA
vaccine is a new experience to increase immunogenicity and protection for vaccinated animal
as compared in single epitope. This study evaluated the capacity of the recombinant plasmids
to express MSP1a, MSP1b, and MSP5 in eukaryotic cells in vitro, and the immunogenicity in
BALB/c mice immunized with recombinant plasmids individually or in association.
Recombinant plasmids used were pcDNA-mspla, pcDNA-msplf3, and pcDNA-mp35,
multiplied in TOP10 E. coli, and purified. Expression of MSP1a, MSP1b, and MSPS5 in vitro
was performed into Vero cells using lipofectamine 2000, following Indirect
Immunofluorescence Assay (IFA) using monoclonal antibodies. Seven experimental groups
of mice were immunized to evaluate the production of whole IgG and to determinate IgG1
and IgG2a isotype: G1-100 ul PBS; G2-100 pg empty vector + SPG; G3-100 ng 4. marginale
initial bodies + Freund’s adjuvant; G4-100 pg pcDNA-msplo + SPG; G5-100 pug pcDNA-
msplB + SPG; G6-100 pug pcDNA-msp5 + SPG; and G7-pool of recombinant plasmids + SPG
(33 ug for each). Three weeks after the last immunization, mice were sacrificed to evaluated
spleen cells proliferation. Vero cells transfected with recombinants plasmids reacted with
specifics monoclonal antibodies, demonstrating the expression of msps genes. The G3 (4.
marginale) showed seroconversion after second immunization and the groups G4 (MSPla),
G6 (MSP5) and G7 (pool) showed seroconversion after third immunization. The G5 (MSP1b)
showed the lost seroconversion after fifth immunization. The IgG2a/IgG1 ratios demonstrated
IgG2a isotype polarization in all groups immunized with DNA vaccines, and G3
demonstrated predominance for humoral IgG1 isotype. The association of three recombinant
plasmids (pcDNA-mspla, pcDNA-mspIf3 and pcDNA-msp5) in the immunization of mice
showed high antibodies response by ELISA and reacted with all recombinant proteins
(rMSP1la, rtMSP1b, and tMSP5) of A. marginale by Western blot. Also, when the recombinant
plasmids were administrated in combination, the strong enhancer lymphoproliferation was
observed (SI = 12,2), whereas the genes to MSP1a provide significant splenocytes (SI = 2,6)
and the genes to MSP1b and MSPS5 did not provide significant proliferation (SI < 2). These
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results demonstrated that no suppression was observed when these recombinant plasmids
were used in association could generate significant T-cell lymphocyte. Thus, the
immunization with recombinant plasmids encoding MSPs in association can be an effective

strategy for immunoprofilaxis of anaplasmosis.

Key words: Anaplasma marginale, DNA vaccine, Vero cells, BALB/c mice, Immunogenicity

Introduction

Outer membrane proteins of Anaplasma marginale have been the focus of research
direct toward an improved vaccine against bovine anaplasmosis (Palmer et al., 1999).
Immunization with purified outer membranes induces protection against acute A. marginale
infection and disease (Tebele et al., 1991). Various major outer membranes have been
described after proteomic and genomic approach and were identified 21 proteins within the
outer membrane immunogen (Lopez et al., 2005). Some outer membranes proteins well
characterized and designed major surface proteins (MSPs): MSP1la, MSP1b, MSP2, MSP3,
MSP4 and MSP5 and evaluated candidates as antigen for vaccine and diagnostic test
(McGarey et al., 1984; Visser et al., 1992; Oberle et al., 1994; Alleman and Barbet, 1996,
Kano et al., 2002; Garcia-Garcia et al., 2004).

Immunization with DNA plasmids encoding for the antigen of interest represents a
novel and promising method in vaccine research and development. Studies have demonstrated
that after naked DNA immunization, the antigen is naturally processed and presented on
major histocompatibility complex class I and class II molecules, inducing a broad range of
immune responses including antibody production, CD4" T helper cell (Thl), and CD8"
cytotoxic T cells (CTLs) (Ulmer et al., 1993, Donnelly et al., 1997, Nagata et al., 2004).
Incorporation of multiepitope in DNA immunization consisting new experience to increase
immunogenicity and protection for vaccinated animal as compared in single epitope (Morris

et al., 2000).
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Immunization against anaplasmosis with single DNA vaccine (pVCL/mspla)
developed antibodies against MSP1a protein in mice and calves (Arulkanthan et al., 1999). In
another experiment, immunization with pcDNA-mspIf3 elicited antibodies and cattle
immunized showed partial protected against a virulent homologous challenge.

The aimed of the present work was to evaluate the capacity of the recombinant
plasmids to express MSPla, MSP1b, MSP5 in eukaryotic cells in vitro, and the
immunogenicity in BALB/c mice immunized with these recombinant plasmids individually or

in combination.

Materials and Methods
Anaplasma marginale isolate and DNA extract

A. marginale isolate was obtained from infected cattle of Parana State (PR), Brazil,
and designed PR1 (Ferreira et al., 2001; Kano et al., 2002). DNA was extracted from stabilate
PR1 4. marginale using Purigene DNA Extract Kit (Gentra System, Minneapolis, MN, USA)

according to manufacture’s recommendation.

Production of DNA vaccines

The recombinant plasmids (pcDNA-mspla, pcDNA-msplf, pcDNA-msp5) were
construct in previously study for our group (unpublished). Large scales culture of TOP10 E.
coli containing recombinant plasmids were growing in LB broth at 37 °C, and the Qiagen
Plasmid Mega Kit (Qiagen, Valencia, CA, USA) was used to prepare DNA. The recombinant

plasmids were quantified using by spectofotometry measuring the optical density at 280 nm.
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Production of recombinant MSPs proteins

The recombinant plasmids pET102-mspla, pET101-mspIB (Tamekuni et al., 2006),
pRSET-msp5 (Marana et al., 2006) were used to produce recombinant MSP1a, MSP1b, and
MSP5 as a fusion product with 6xHis. The rMSPs were purified using Ni-NTA resin

according to the supplier’s instructions (Qiagen, Valencia, CA, USA).

In vitro transfection and expression

The recombinant plasmids were examined for antigen expression by transfection into
Vero cells using lipofectamine 2000 (Invitrogen™ Life Technologies, Carlsbad, CA, USA).

After 72 hrs for transient transfection, cells were fixed in coverslips with cold
methanol for 10 min, acetone for 1 min, following Indirect Inmunofluorescence Assay (IFA).
Non-transfected Vero cells and pcDNA/LacZ transfected Vero cells were used as negative
and positive controls, respectively. Prior to use in IFA, positive control cells were evaluated
for the transfection efficiency by X-gal staining (I mg/ml X-gal, 5 mM potassium
ferrocyanide, 5 mM potassium ferricyanide, 2 mM MgCl,) as described by Briane et al.
(2002). The IFA was performed with anti-histidine diluted 1:5.000 (for MSP1b), anti-MSP1a
monoclonal antibody ANA22B1 diluted 2pg/ml (MSPla), and anti-MSP5 monoclonal
antibody ANAF16C1 2pug/ml (MSP5) diluted in PBS containing 2% BSA, and incubated for
45 min at 37 °C. After three times washes in PBS-Tween 20, the coverslips were incubated
for 45 min with FITC-anti-mouse IgG (Sigma-Aldrich Co, USA) diluted 1:900 in PBS
containing 2% BSA. The IFA was examined using a fluorescence microscope with

appropriate filters.
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Animal and experimental design

Seven to eight weeks old female BALB/c mice were randomly distributed into seven
experimental groups with eight animals each. Mice were kept in conventional animal facilities
and received water and food ad [libitum, and used under animal protocols approved by the
Institutional Research Committee (process number 26927/05).

Mice were anaesthetized prior following injection with 100 pg of recombinant
plasmids in sucrose-phosphate-glutamate buffer (SPG) (Dong-Ji et al., 2000) in each leg
muscle. G1l-negative control (100 pl PBS); G2-empty vector (100 ng pcDNA); G3-positive
control (100 pg PR1 strain A. marginale initial bodies + Freund’s adjuvant); G4-pcDNA-
msplo; G5-pcDNA-msp1f; G6-pcDNA-msp5; and G7-pool of recombinant plasmids (33 pg
for each pcDNA-mspla, pcDNA-mspif3, and pcDNA-msp5). In the positive control group,
the BALB/c mice were inoculated with 100 ng PR1 4. marginale initial bodies emulsified
with complete Freund’s adjuvant, and following two immunizations with incomplete Freund’s
adjuvant. Mice were vaccinated at 0, 2, 5, 8 and 12 weeks. Blood samples were collected at —

1,1,4,7, 11 and 15 weeks, and the sera samples stored at — 20 °C until analysis.

Antibody assays and isotypes

Optimal dilutions were established using check board titrations with dilutions of sera
and conjugates. ELISA plates (Nunc-Immuno™ Maxisorp, Roskilde, Denmark) were coated
with 100 ul of the rMSP1a (5 pg/ml) for G4; tMSP1b (5 pg/ml) for G5; tMSPS5 (5 pg/ml) for
G6; and pool of tMSP1a, tMSP1b, rtMSPS5 (5 pg/ml) for G7 and A. marginale initial bodies
(10 pg/ml) for G3, G1 and G2. After overnight incubation at 4 °C, samples of serum from
groups of immunized mice were diluted 1:50 in PBS-Tween 20 pH 7.4 plus 5% non-fat dry
milk. Then, diluted samples were added in duplicate to each well, and the plates were

incubated at 37 °C for 45 min. The positive and negative control sera were included in each
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plate. Three second antibodies were used, horseradish peroxidase-labeled anti mouse whole
anti-IgG (Sigma) (1:10.000), and anti-mouse IgGl, and anti-mouse IgG2a peroxidase
conjugate (1:50.000), each incubated for 45 min at 37 °C. The substrate for the enzyme was
OPD (ortho-phenylenediamine) 0.4 mg/ml, in H,O; 0.04% in substrate buffer (0.1 M acid
citric, 0.2 M Na,HPOy,). The reaction was stopped with 50 ul of IN HCI. The absorbance
values were average and the optic density (OD) values were calculated as previously

described (Garcia et al., 2006).

Western blot analysis

rMSPla (G4), tMSP1b (G5), tMSP5 (G6), a pool of tMSPs (G7), and A. marginale
initial bodies (G3) were electrophoresed on 7.5-17.5% gradient SDS-PAGE (Laemmli, 1970).
The proteins were transferred onto a nitrocellulose membrane, 0.45 pm (Hybond-ECL™,
Amershan Biosciences, Sunnyvale, CA, USA), as previously described (Towbin and Gordon,
1984). After blocking, strips of nitrocellulose membrane were incubated with pre immune and
post immune pool of serum from mice of the each group (G1 to G7) diluted 1:50 in blocking
solution. Peroxidase-labeled protein G (1:5.000) was used as second antibody, and incubated
for 1 h at room temperature. The peroxidase activity was revealed using enhanced
chemiluminescence (ECL) (Amershan Biosciences, Sunnyvale, CA, USA). Protein molecular
weight markers (BenchMark "™ Invitrogen Life Technologies, Carlsbad, CA, USA) were used

as standard.

Statistical analysis.
The student’s ¢ test was performed for statistical evaluation of data from IgG2a and

IgG1 production.
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Proliferation Assay

Spleen from mice immunized with recombinant plasmids, control group and normal
mice were removed aseptically and teased. The erythrocytes were lysed with tris-ammonium
chloride, and the cell suspension was washed three times in RPMI 1640 medium. For
proliferative assays, 100 ul of the cells were cultured in triplicate wells at a concentration of 1
x10° cells/ml in RPMI 1640 containing 10% fetal calf serum in 96-well flat-bottom culture
plates. Homogenate 4. marginale was then added to each well at concentrations of 5 pg/ml.
The cells were cultured for 5 days at 37°C with 5% CO,, and were pulsed with 1 pnCi of [*H]
thymidine 18 h before harvesting on glass filter strips. The radioactivity was determined by
cintilator (Beckman LS 6.800). The Stimulation Index was calculated as the triplicate of
stimulated cells (cells + Ag) divided by the cell control (cell + RPMI 1640). An SI of > 2 was

considered significant

Results

Eukaryotic expression of MSPs antigens of A. marginale

Cells transfected with recombinant plasmids (pcDNA-mspla, pcDNA-msplf3, and
pcDNA-msp5) revealed the expression of specific proteins by IFA (Fig.1). Non-transfected
Vero cells did not express any immunoreactive protein with anti-histidine, ANA22BI1,
ANAF16C1 monoclonal antibodies by IFA (Fig la). The immunoreaction was verified in
Vero cells transfected with pcDNA-mspla using ANA22B1 monoclonal antibody against
MSP1la (Fig.1c). Also, anti-histidine monoclonal antibody was used to detected six histidine
aminoacid that express fusioned with recombinant MSP1b (Fig.1d) and ANAF16C1 bound to

cells transfected with pcDNA-msp5 (Fig.le).
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Humoral immune response of mice elicited by DNA vaccination

Serological responses were evaluated throughout of the immunizations by ELISA and
Western blot analysis. The whole IgG production in mice was showed in Fig.2. All pre-
immune and control group sera (Gl and G2) reacted below cut-off and were considered
negative. Mice sera from group immunized with A. marginale (G3) showed seroconversion
after second immunization that maintained stable throughout of the experiment. In G4
(pcDNA-mspla), G6 (pcDNA-msp5), and G7 (pool of plasmids) the seroconversion started
after second immunization, but only after third immunization all animals were positives for
specific proteins. In contrast, mice sera from G5 (pcDNA-mspIP) showed lower
seroconversion and few animals had OD above cut-off after fifth immunization.

The IgG1 and IgG2a responses against MSP1la, MSP1b, and MSP5 were analysed from
pool sera from DNA-vaccinated BALB/c mice at -1, 4, 11, and 15 weeks after initial
immunization (Fig.3). The OD values for IgGl and IgG2a demonstrated IgG2a isotype
polarization at all groups immunized with DNA vaccines. Significant IgG2a production over
IgG1 production were detected after fourth immunization with DNA vaccine, and G4, G6 and
G7 had strong polarization for IgG2a at week 4 (p<0.01). Mice immunized with A. marginale
(G3) demonstrated predominance for humoral IgG1 isotype and the significant IgG1 levels
was verify at week 4 (p<0.01). The predominance of IgG2a over IgG1 isotype suggests that in
the DNA vaccinated BALB/c mice elicited a pronounced Th1 response.

Western blot results using pool of sera are shown in Fig.4. All pre-immune sera, and
sera post immune of mice from G1 (PBS) (data not showed) and G2 (vector alone) did not
show any reaction. Sera from mice immunized with pcDNA-mspla (G4) showed reactivity
approximately in 105-70 kDa and approximately 20 kDa (rMSP1a), and mice immunized with
pcDNA-mspIf3 (G5) reacted poorly with 100 kDa (rMSP1b). Moreover, sera from mice

immunized with pcDNA-msp5 (G6) reacted at 31 kDa (rMSP5). Mice sera from G7 that
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received recombinant plasmids in mixture reacted with all recombinant proteins (rMSPla,
rMSP1b, and rMSP5) of 4. marginale. This result demonstrated that no suppression was

observed when these recombinant plasmids had taken in association.

T cell-mediated immune responses

Splenocytes proliferation from mice immunized using A. marginale homogenate
presented in Fig. 5. Significant proliferation was observed only in mice spleen cells from G4
that received pcDNA-mspla (SI = 2,6). In others groups no significant proliferation was
observed (SI < 2). Although poorly lymproliferation was observed in spleen cells from mice
immunized with recombinant plasmids individually, when they were administrated in

combination, the strong enhancer lymphoproliferation was observed (SI = 12,2).

Discussion

In this work, the MSP1a, MSP1b, and MSP5 of A. marginale were successful detected
in Vero cells transfected with pcDNA-mspla, pcDNA-msplf, and pcDNA-mspS,
respectively, as demonstrated by IFA using monoclonal antibodies, and the injection of the
recombinant plasmids (pcDNA-mspla, pcDNA-mspIf3 and pcDNA-msp5) elicited specific
antibodies against MSP1a, MSP1b and MSP5 in BALB/c mice. Previous works also related
that DNA vaccines to A. marginale induced immune responses in BALB/c mice immunized
with DNA vaccine encoding MSP1a (Arulkanthan et al., 1999). These authors immunized
calves with pVCL/ msplo and detected only IgG1 antibodies in sera of animals following
DNA vaccination, differently of positive-control bovine serum that contained both IgG1 and
IgG2 antibodies with specificity for MSP1la. The few studies about control of anaplasmosis

using DNA vaccination are based in either genes msplo or mspI3 genes, and they showed
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partial protection for virulent challenge with 4. marginale strain (Arulkanthan et al., 1999,
Andrade et al., 2004).

The mice immunized with pcDNA-mspI3 elicited a small response compared with the
response from mice immunized with cDNA-mspla and pcDNA-mspS, evaluated by ELISA.
Only two of eight animals produced titer of specific antibodies with OD above cut-off, after
fifth immunization. However, the sera from mice immunized with pcDNA-mspIf reacted
specifically with r-MSP1b by Western blot. The MSP1la and MSP1b are associated in the
native membrane through disulfide bonds (Vidotto et al., 1994), and the IgG titters specific
for MSP1a and MSP1b were comparable in complex MSP1-immunized cattle. Moreover,
CD4" T-cell responses were detected only against MSPla (Brown et al., 2001), suggesting
that MSP1a-specific T cells provide cognate help to both MSP1a and MSP1b specific B cells.

The mice immunized with DNA vaccines to A. marginale (pcDNA-msplo., pcDNA-
msp1P, and pcDNA-msp5) exhibited predominance of IgG2a antibody over IgG1 (ratio of
IgG2a/IgG1 > 2.0). The presence of the IgG2 isotype is often considered as evidence of a Thl
immune response (Ofiate et al., 2003). Thus, our results suggest that intramuscular injection
with plasmids encoding MSPs generate a response biased towards a Thl response in mice. In
contrast, the group that received initial bodies of 4. marginale elicited predominance IgGl
production. This result is explained since antigens associated with Freund’s adjuvant
preferentially stimulate the Th2 immunity, and vigorously suppress the Thl type (Yip et al.,
1999). It is well established that protection against infection by an intracellular pathogen,
including 4. marginale, requires the generation of a Thl-type immune response over time
(Brown et al., 1998; Onate et al., 2003; Nagata et al., 2004).

In this study, only the mice immunized with pcDNA/mspla provided significant
splenocytes proliferation. MSP1a contain variant and conserved amino acid in the carboxy

terminal region that response specifically, which stimulate high levels of IFN-y production by
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CDA4+ cells (Brown et al., 1998, 2001, 2002). Peripheral blood mononuclear cells and CD4+
T-cell lines from MSPIl-immunized calves proliferated vigorously in response to the
immunization with Florida strain and heterologous strains of 4. marginale. In contrast, there
was either weak or no recognition of MSP1b proteins (Brown et al., 2001).

Mice immunized with the recombinant plasmids (pcDNA-msp o, pcDNA-msplf3 and
pcDNA-mspS) showed high antibodies response by ELISA and were able to react with all
recombinant proteins (rMSP1a, rMSP1b, and rMSP5) in Western blot. Additionally, a strong
lymphoproliferation was observed, whereas the genes to MSPla provide significant
splenocytes and the genes to MSP1b and MSPS5 did not. These results can demonstrate both
immune response and T-cell lymphocyte were generated. Thus, the immunization with
recombinant plasmids encoding MSPs in association can be an effective strategy for
immunoprofilaxis of anaplasmosis. In contrast, the administration of nine different plasmids
encoding antigens from Plasmodium falciparum, pooled in cocktail and injected in a single
site shown significant suppression or complete abrogation of responses (Sedegah et al., 2004).

Additionally, the combination of four DNA vaccines increased protection for
pulmonary tuberculosis in the mouse model (Morris et al., 2000). The association of three
DNA vaccine constructions against schistosomiasis showed higher protection for BALB/c
mice than immunization with double or individually (Nascimento et al., 2002). Rabbits
immunized with single papillomavirus early genes or with a combination of the four genes
provided strong and complete protection against viral challenge (Han et al., 1999). Similar
results were observed in DNA vaccines against simian immunodeficiency virus (SIV),
Plasmodium chabaudi adami, and Plasmodium yoelii (Subbramanian et al., 2003; Wang et al.,
2004; Scorza et al., 2005).

In conclusion, administration of plasmids encoding A. marginale MSPs in association

in BALB/c mice induced better induction of Thl immune response than individually
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plasmids. For the future multiepitope DNA vaccine should be evaluated in bovine protection

for challenge of anaplasmosis.
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Fig.1. Immunofluorescence of Vero cells transfected with DNA vaccine encoding A.
marginale MSP1la, MSP1b and MSP5 antigens, using monoclonal antibodies (400x) a. non-
transfected Vero cells; b. pcDNA-lacZ Vero cells transfected using anti-histidine monoclonal
antibody (positive control); c. pcDNA-msplo using ANA22B1 monoclonal antibody; d.
pcDNA-msp1f using anti-histidine monoclonal antibody; e. pcDNA-msp5 using ANAF16Cl1

monoclonal antibody
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Fig.2. Whole IgG antibody response measured by the indirect enzyme-linked immunosorbent
assay (ELISA) in immunized BALB/c mice. (a) G2 (only vector); (b) G3 (100 pg initial
bodies of 4. marginale); (c) G4 (100 ug pcDNA-mspla); (d) G5 (100 ng pcDNA-msp1);
(e) G6 (100 pug pcDNA-msp3); (f) G7 (33 ng for each pcDNA-msplo, pcDNA-msp1f and

pcDNA-msp35). Mice were immunized at weeks 0, 2, 5, 8, and 11 and the blood collect were

Experimental days

Experimental weeks

at weeks —1, 1,4, 7, 11 and 15 (back arrows). Dashed line indicates positive cut-off.
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Fig.3. IgG isotype humoral responses of serum from BALB/c mice immunized with DNA-
vaccine encoding 4. marginale MSP1a, MSP1b, and MSP5 proteins. (a) The result of G2
(only vector); (b) G3 (100 pg initial bodies A. marginale); (c) G4 (100 ug pcDNA-mspl);
(d) G5 (100 pg pcDNA-mspip); (e) G6 (100 ng pcDNA-msp5); (f) G7 pool of plasmids (33
ug each pcDNA-msplo, pcDNA-mspi, and pcDNA-msp5). Measured IgGl and IgG2a
responses were taken of pool of serum at -1, 4, 11 and 15 weeks after initial immunization by

ELISA.
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i

Fig. 4. Reactivity of sera from mice immunized with A. marginale, and DNA vaccine
encoding MSP1a, MSP1b, and MSP5 of A. marginale by Western blot. A: A. marginale PR1
strain initial bodies. B: lane 1 and 2, rMSP1a; lane 3 and 4, rtMSP1b; lane 5 and 6, rMSP5;

5

EhEkRE & B8 #d 83855 &

lanes 7 and 8, pool of rMSPs. In A: pre and post immune sera of mice immunized with empty
vector (G2: lane 1 and 2); with A. marginale initial bodies (G3: lane 3 and 4); In B: pool of
mice sera (at week 15) diluted 1:50 immunized with pcDNA-msplo (G4: lane 1 and 2); with
pcDNA-mspIf (GS5: lane 3 and 4); with pcDNA-msp5 (G6: lane 5 and 6); with pool of
plasmid (pDNA-msplo, pcDNA-mspI3 and pcDNA-msp5) (G7: lane7 and 8). The positions

and molecular masses (kDa) of protein standards are also shown.
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Fig. 5. Proliferation of splenocytes cells from mice immunized with single DNA vaccine
encoding MSPla, MSP1b and MSP5 and in association. The data are presented for
splenocytes proliferation cultured for 5 days with 5 pg of A. marginale homogenate/ml.
Results are presented as means count per minute of triplicate cultures in Stimulation Index
values (SI). SI values > 2.0 (dashed line) were considered significant. Experimental groups
were: G1 (PBS); G2 (empty vector); G3 (100 ug A. marginale initial bodies); G4 (100 pg
pcDNA-mspla); G5 (100 pg pcDNA-mspiB); G6 (100 ug pcDNA-msp5) and G7 (33 pg for
each pcDNA-mspla, pcDNA-mspl and pcDNA-msp)J).
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5. CONCLUSOES

e As amostras de A. marginale isoladas no Parana diferiram quanto ao ntimero de
seqiiéncias repetitivas in tandem da proteina MSPla e apresentaram seis novas
seqiiéncias ndo descritas na literatura. A analise filogenética utilizando as seqiiéncias
das proteinas MSP1la e MSP4 ndo permite a diferenciagdo filogeografica dos isolados
brasileiros.

e As vacinas de DNA contendo os genes mspla, msplp e msp5 expressaram as proteinas
MSP1la, MSP1b e MSP5 in vitro e in vivo.

e Os plasmidios recombinantes induziram resposta imune humoral em camundongos
BALB/c, com predominio do isotipo 1G2a, indicativo de resposta Thl.

e A resposta celular obtida com a associa¢ao dos plasmidios recombinantes foi maior do

que a induzida pelos plasmidios individuais.
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APENDICE A: Lista de Reagentes

e

PNAU AW~ e RIS

WXk — e

—_
NN - O

Reacio em Cadeia pela Polimerase gel de agarose

100 mM dNTP, 4 x 250 pl; 25umol cada (solugao de 100 mM dATP, 100 mM dCTP,
100 mM dGTP, 100 mM dTTP) (Invitrogen Life Technologies™)

Tampao PCR 10 x (200 mM Tris-HCI, pH 8.4, 500 mM KCI) (Invitrogen Life
Technologies™)

Padrao de tamanho molecular 100 bp DNA Ladder e 1 kb DNA Ladder (Invitrogen
Life Technologies™)

Acido bérico (H;BO3) P.M. 61,83

Acido etilenodiaminotetraacido Sal di-sodico — EDTA, P.A. (CioH14N,OgNa,2H,0)
P.M. 372,24 (Reagen®)

Agarose (Invitrogen Life Technologies™)

Azul de bromofenol (Sigma®)

Brometo de etidio (C,;H,0N3Br) P.M. 394,3 (Sigma®)

Hidroximetil amino metano — TRIS 99% P.M. 121,14 (Invitrogen Life
Techonologies®)

. Platinum Pfx DNA Polymerase recombinante 100 unidades (Invitrogen Life

Technologies®)

Transformacao da E. coli TOP10
Ampicilina

Cloreto de magnésio, MgCl, 10mM
Cloreto de potassio, PM: 74,55.
Cloreto de so6dio, NaCl, PM: 58,45
Extrato de levedura

Glicose 20mM

Sulfato de magnésio, MgSO4 10mM.
Triptona

Gel de poliacrilamida, tampao de corrida e transferéncia
Acido acético, CH;COOH, PM: 60,05

Acrilamida, C;HsNO, PM: 71,08.

Azul brilhante R-250, C4sH44N307S,Na, PM: 826,0.
Mercaptoetanol, C;H¢Os, PM: 79,13.

Dodecil Sulfato de Sodio (SDS), Ci,H,5NaO4SPM: 288,38.
GliCCI‘Ol, C3H803, PM: 92,09

Glicina, C,HsO,N, PM: 75,07.

Metanol, CH;0OH, PM: 32,04

N, N’ Metileno-bis-acrilamida, C;H(N,O,, PM: 154,2

. Persulfato de amoénio P.A., (NH4),S,0s, PM: 288,2
. Temed, N, N, N’, N’ — Tetramethylenediamine, C¢H6N,, PM: 116,21.
. Tris-base, NH,C(CH,OH);, PM: 121,14

Western-blotting

1. Cloreto de sédio, NaCl, PM: 58.45.

2. Fosfato de sodio dibasico, Na,HPO,4, PM: 141,96.

3. Fosfato de s6dio monobasico, NaH,PO4.H,O, PM: 137,99.
4. Glicina, C,HsO,N, PM: 75,07
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5. Metanol, CH3;0H, PM: 32,04

6. Leite em po desnatado (Molico®)

7. Tris-base, NH,C(CH20H)s, PM: 121,14
8. Tween 20, nimero de hidroxila: 96-108.
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APENDICE B: Solugdes e Tampées

e LB caldo pH 7,0
Triptona 10g
Extrato de levedura S5¢g
Cloreto de sodio S5¢g
H,O destilada 1000mL

e Meio SOC (Invitrogen"" Life Technologies)
Triptona 2%
Extrato de Levedura 0,5%
NaCl 10mM
KCI 2,5mM
MgCl, 10mM
MgSO4 10mM
Glicose 20mM

e Tampaio de transformacio

KCl 0,74g

CaC12 0,75 g

Dissolver em 80 mL de dgua destilada e autoclavar

Diluir 0,2g de MES [2(N-morpholino) ethane sulfonic acid] em 15 mL e filtrar na
solugdo anterior.

OBS: utilizar gelada

Acrilamida 30%

N, N’ Metileno-bis-acrilamida
Acrilamida

Agua destilada

Lower Tris/SDS 1,5M pH 8,8
TRIS base

SDS

Agua destilada

Upper Tris/SDS 0,5M pH 6,8
TRIS base

SDS

Agua destilada

Persulfato de amonio (10%)
Persulfato de amonio
Agua bidestilada

Tampao da amostra 1X Concentrado
Solugao Tris-HC1 0,5 M pH: 6,8
Glicerol (100%)

B Mercaptoetanol

Azul de Bromofenol

1g
29¢g
100mL

18,165¢g
0,4g
100mL

6,055¢
0,4g
100mL

0,1g
10mL

1,25mL
1,00mL
0,2mL
0,01g



SDS
Agua ultrapura estéril q.s.p

Tampao de corrida SDS-PAGE pH 8,8
Glicina

Tris-base

SDS

Agua bidestilada q.s.p

Salina Tamponada (PBS) pH 7,2
Fosfato de sodio dibasico

Fosfato de sd6dio monobasico
Cloreto de sodio

H20 destilada q.s.p.

Tampao de Bloqueio (100ml)
PBS

Tween 20

Leite em pé molico

Tampao de lavagem (500ml)
PBS
Tween 20

Tampao de transferéncia (2000ml)
Tris base

Glicina

Metanol

H20 destilada q.s.p.
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0,2g
10mL

14,4¢

1,0g
1000mL

1,05g
0,362
8,17g
1000mL

100mL
100uL
5¢

500mL
500 uL

6,82¢g
32,4g
450mL
2000mL

Tampao de sensibilizacdo (0,05M Carbonato/Bicarbonato pH 9,6)

Na2C03
NaHCO3
H20 destilada q.s.p.

Tampao de bloqueio

1,59¢g
2,93¢g
1000mL

Tampao de sensibilizagdo + 8% de leite em p6 desnatado

PBS-Tween 20 pH 7,2-7,4
NaCl

KH,PO,

Na,HPO,4.12H,0

KClI

Tween 20

H20 destilada q.s.p.

Tampio de substrato cromogeno
0,1M Acido Citrico (21g/litro)
0,2M Fosfato (28g Na,HPO./1litro)

8,0g
0,2g
2,9¢
0,2g
0,5mL
1000mL

24,3mL
25,7mL



agua destilada

Substrato cromégeno
Tampao substrato
OPD

H,0, PA 30%

RPMI completo

2 mM glutamina

50 uM 2-mercaptoetanol

100 U/mL penicilina/estreptomicina
10% soro fetal bovino inativado

Azul de Tripan 0,1%
Azul de tripan
Agua destilada
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50mL

100mL
40mg
40uL

1 mg
10 mL
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APENDICE C: Protocolo de Técnicas
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Extraciao de DNA de sangue (KIT PUREGENE)

Descongele o sangue armazenado a -20°C em banho Maria 37°C
Adicione 1mL de reagente RBC em tubo de 1,5ml

Acrescente 300uL do sangue e incube 10 minutos a temperatura ambiente
Centrifugue a 3000RPM por 2 min. A 4-8°C

Remova o sobrenadante com cuidado, deixado aproximadamente 10 a 20uL de
residuo.

Adicione ao residuo 300uL de solucao de lise celular, 6uL proteinase K
Homogeneizar em vortex

Incube a 37°C por 1 hora

Resfrie as amostras no gelo

10. Adicione 200uL de solucdo de precipitagdo de proteina e homogeneize

. Centrifugue a 13000 RPM por 3 minutos para formagao do precipitado escuro

12. pipete 300uL de Isopropanol 100% em tubo novo estéril e adicione o sobrenadante

13

obtido
. Misture as amostras, invertendo delicadamente até homogeneiza¢ao completa

14. Centrifugue a 13000RPM por 3min.

15.

Despreze o sobrenadante e drene o tubo com papel absorvente

16. Adicione 300uL de Etanol 70% misture e centrifugue a 13000RPM por 2 minutos

despreze o etanol e drene os tubos

17. Deixe secar

18.
19.

Adicione 100uL de solugdo de hidratagdo ou agua
Deixe T.A. ou refrigerada durante a noite para hidratar

20. Estoque as amostras

o Gel de agarose 1%

1. 0,5 g de agarose

2. 50mLdeTEB1x[]

3. 25 pl ethidium bromide

e Purificacio DNA em gel agarose (Kit QUIAGEN)

1. Corte a banda do gene no gel de agarose

2. Acrescente Buffer QG (3x Buffer: 1x peso gel)

3. Incube 30°C por 10 minutos até dissolver completamente o gel, vortex 1-2 minutos
durante a incubacgao

4. Depois do gel dissolvido checar a cor (deve ser amarelo da cor do buffer QG)

* Caso seja alaranjado ou violeta adicione 10uL de acetato de sédio 3M, pH 5 e
misture a cor voltara a ser amarelo (adsor¢ao de DNA eficiente s6 pH < 7,5)

5. Adicione 1x volume do gel de isopropanol e misture

seis. Despeje na coluna centrifugue o restante e centrifugue

7. Se for + 800uL acrescente o restante e centrifugue

oito. Descarte o centrifugado

9. (opcional) Adicione 0,5mL de Buffer QG e centrifugue 1 min.

10. Para lavar 0,75mL de Buffer QG e centrifugue por 1 minuto (deixar em repouso

de 2-5 minutos apos adi¢cdo de buffer PE)
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Descarte o centrifugado e centrifugue novamente por 1 minuto para remover o
eXCesso

Passe a coluna em tubo de 1,5mL

Para eluir o DNA adicione 50uL de Buffer EB ou 4gua destilada no centro da
membrana e centrifugue por 1 minuto, ap6s aguardar 1minuto

Transformacio da E. coli TOP10

Descongele no gelo, a E. coli TOP10 competente para transformacao

Adicione 5-10 ng do DNA em um volume de 1 a 5puL em TOP10 e misture
delicadamente com o pipetador

Incubar no gelo por 30 min.

Aquega por 30 segundos a 42°C sem agitar

Transfira imediatamente os tubos para o gelo

Adicione 250puL de meio SOC a temperatura ambiente

Feche o tubo firmemente, prenda os tubos em seus lugares (para maior aeracao) e
incube a 37° C por 30 minutos sob agitagdo (2000rpm)

Espalhe 200 pL da reacdo de transformacdo em uma placa com LB dgar contendo
antibidtico apropriado (ampicilina 100pg/mL)

Crescer “overnight” em estufa 37 °C.

Purificacdo de plasmidios pelo kit Mega plasmidio Quiagen

. Escolha uma colonia isolada de uma cultura fresca da placa de cultura e a inocule o

pré-inoéculo em 5 a 10 mL de meio LB contendo 100 pg/mL de ampicilina. Incube
por 8 ha 37 °C sob agitagdo (300 rpm).

Dilua o pré-indéculo em 1:500 a 1:1000 em LB com o respectivo antibidtico. Para
altas copias inocule em 500 mL ou 2,5 litros de meio. Para baixas cOpias semear
em 2,5 litros ou 5 litros de meio com o respectivo antibidtico. Cresga a 37 °C por
12-16 h sob agitagao (300 rpm).

Centrifugue a cultura a 6.000 x g at 4 °C por 10minutos

Ressuspenda o precipitado bacteriano em 50 mL ou 125 mL de tampao P1.

. Adicione 50 mL ou 125 mL de tampao P2, misture gentilmente pelo inversdo 4 a

6 vezes, e incube a temperatura ambiente por 5 min.

Adicione 50 mL ou 125 mL de tampdo P3, mix immediately by inverting 4-6
times, and incubate on ice for 30 min.

Centrifuge a 20.000 x g por 30 minutes a 4 °C. Remova o sobrenadante contendo o
DNA plasmidial

Centrifugue o sobrenadante novamente a 20.000 x g por 15 minutos a 4 °C.
Remova o sobrenadante contendo o DNA plasmidial.

Equilibrar uma QIAGEN tip-2500 ou QIAGEN tip-10000 com 35 mL ou 75 mL
de tampao QBT e, permitir o esvaziamento por gravidade.

Aplicar o sobrenadante do passo 8 para a QIAGEN tip e permitir a entrada na
coluna pela gravidade.

Lavar a QIAGEN-tip com 200 mL ou 600 mL de tampao QC.

Eluir o DNA com 35 mL ou 100 mL de tampao QF.

Precipitar o DNA pela adi¢ao de 24,5 mL ou 70 mL (0,7 volumes) de isopropanol
em temperatura ambiente para eluir o DNA plasmidial. Misture e centrifugue
imediatamente a 15.000 x g por 30 minutos a 4 °C. Cuidadosamente decante o
sobrenadante.
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14. Lavar o precipitado de DNA com 7 mL ou 10 mL de etanol 70% a temperatura
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ambiente e, centrifugar a 15.000 x g por 10 minutos. Cuidadosamente decante o
sobrenadante sem desfazer o precipitado.

5. Secar o precipitado por 10-20 minutos e, hidratar o DNA com o tampdo num
volume apropriado (e.x., TE Buffer, pH 8,0 ou 10 mM Tris-HCI, pH 8,5)

Transfeccao de células eucaridticas in vitro
. Um dia anterior ao procedimento de preparar as células na concentragdo de 0,5 — 2x
10° células em 500 pL de meio de crescimento sem antibidtico. (placa de 24
orificios). Utilizar as células quando o tapete celular estiver com 90-95% de
confluéncia;
. Dilua separadamente o DNA em meio livre de soro fetal e antibiotico (Opti-
MEM®) na concentracdo de 0,8 pg de DNA em 50 pl de meio. Misture
gentilmente.
Misture a lipofectamine 2000™ com 50 uL de Opti-MEM, misture gentilmente e
incube por 5 min em temperatura ambiente.
. Adicione a lipofectamine + Opti-MEM ao DNA. Misture gentilmente e incube por
20 minutos.
Paralelamente, retire o meio de crescimento e lave duas vezes o tapete celular com
PBS estéril gelado. Adicione 500 uLL de meio Opti-MEM.
Apds 20 minutos, adicione 100 pL. do complexo DNA + Lipofectamine em cada
orificio. Misture gentilmente.
Incube por 4-6 horas em estufa a 37 °C com 5% CO,.
Retire 0 meio e recoloque o meio de crescimento contendo 10% de soro fetal
bovino.

10. Incube por 48-72 horas.

—
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Avaliacio da eficacia da transfeccio pelo teste X-Gal (Briane et al., 2002)
Ap0s 48 horas do inicio da transfecgdo, lavar as células 2 vezes com PBS gelado e
estéril;

Fixar as células por 3 minutos com solugdo com 1% paraformaldeido ¢ 0,02%
glutaraldeido;

Adicionar o reagente X-gal (1 mg/mL X-gal; 5 mM ferrocianeto de potéssio; 5
mM de ferricianeto de potassio; 2 mM MgCl,);

Observar as células ap6s 6 horas.

Imunofluorescéncia Indireta para cultura de células

. Crescer a cultura de células transfectadas que expressa a proteina fusionada a
histidina sobre uma laminula estéril a 37 °C.

. Lave as células cuidadosamente em PBS

. Fixe as células com metanol (-20 °C) durante 10 minutos e entdo, com acetona (-20
°C) durante 1 minuto.

. Lave as laminulas 2 vezes em PBS durante 5 minutos (cada lavagem)

OBS: bloqueie com PBS contendo 1% BSA durante 10 minutos em temperatura

ambiente. Depois seque para incubar com o anticorpo primario.

5
6
7

8

. Incube com o anticorpo primario diluido em PBS com 1% BSA durante 60 minutos

. Lave 3 vezes em PBS

. Incube com o anticorpo secundario marcado com isoticionato de fluoresceina
diluido em - PBS com 1% BSA, durante 30 minutos.

. Lave 3 vezes em PBS
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9.Seque e adicione glicerina e laminula para fazer a leitura em microscopio
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epifluorescente.

ELISA Indireto

Sensibilizar as placas com 100 pL de solucdo de antigeno + tampao de
sensibilizagdo (Tampao carbonato/bicarbonato pH 9,6). Concentra¢do do antigeno
5 pg/mL (proteina recombinante) ou 10 ug/mL (antigeno bruto /Anaplasma).
Deixar “overnight” a 4 °C.

Lavar 3 vezes com 200 uL de PBS-Tween 20;

Cobrir os orificios com 200 uLL de tampao de bloqueio (Tampao carbonato 0,1 M +
8% de leite em po desnatado);

Lavar 3 vezes com 200 uL de PBS-Tween 20;

. Adicionar em duplicata 100 uL do soro diluido (1:50). O soro deve ser diluido em

PBS-Tween 20 contendo 5% de leite em pd desnatado. Incubar a placa a 37 °C por
45 minutos em camara Umida.

Lavar 3 vezes com 200 uL de PBS-Tween 20;

Adicionar 100 pL. de conjugado peroxidase espécie especifica diluido 1:
(whole IgG anti-mouse sigma — 1:10.000; anti-mouse IgG1 1:50.000; anti-mouse
IgG2a 1:50.000) em PBS-Tween 20. Incubar a 37 °C durante 45 minutos em
camara umida;

Lavar 3 vezes com 200 uL de PBS-Tween 20;

Adicionar 100 pL de Tampao substrato cromodgeno. Manter em agitagao

. Parar a rea¢do com 10 minutos adicionando 50 uL de 1M HCI. Fazer a leitura com

filtro de 490 nm.

Gel De Poliacrilamida 7,5 — 17,5%

Lower gel 7,5% 17,5%
H20 Destilada 1,98 mL 0,66 mL
1,5M Tris/SDS pH 8,8 1,0 mL 1,0 mL
Bis/Acrilamida 30% 1,0 mL 1,0 mL
P.A. 10% 15 pL 15 pL
TEMED 1,5 uL 1,5 uL
Stacking gel

H20 Destilada 1,68mL

0,5M Tris/SDS pH 6,8 0,75mL
Bis/Acrilamida 30% 0,54mL

P.A. 10% 15ul

TEMED 1,5uL

Western Blotting
Retirar a membrana de nitrocelulose do tampao de transferéncia;

. Enquanto seca a membrana de nitrocelulose, marcar com um lapis, os respectivos

pesos moleculares do padrao;

Rehidratar a membrana em 4gua destilada;

Bloquear a membrana com o tampao de bloqueio (PBS + 0.1% Tween 20 + 5%
leite em p6 desnatado) por, pelo menos, 1 hora;

. Lavar a membrana em PBS-T (PBS + 0,1% Tween 20) 3 x de 5 minutos;



N —

PN R

133

Incubar com o anticorpo (anti-histidina — HRP) diluida 1:5000 em tampao de
bloqueio por 1 hora;

Lavar a membrana em PBS-T 3 x 5 minutos

Revelar a reacdo com o kit de ECL (quimioluminescéncia), seguindo as
recomendacdes do fabricante (diluicdo em partes iguais).

Tempo de exposi¢do do filme de Rx: 5 minutos a 20 minutos (dependendo do
anticorpo)

Preparacio de células esplénicas de camundongo
Retirar o baco um recipiente estéril com RPMI 1640 e lavar o baco 2 vezes
Gentilmente liberar as células esplénicas pela ruptura da cépsula esplénica

utilizando agulhas 21 G + 5 mL RPMI

“Puxar” os esplenocitos com uma seringa de 5 mL utilizando uma agulha 21 G
para cima e para baixo uma vez e duas vezes com uma agulha 26,5 G com pressao
moderada

Centrifugar a 500 x g por 5 min.

Lavar duas vezes com RPMI incompleto

Adicionar cloreto de amonio pra lisar os eritrocitos

Lavar duas vezes (centrifugar duas vezes a 500 x g por 5 min)

Ressuspender as células em 5 mL de RPMI 1640 completo
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