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Resumo

As metaloproteases (MPs) sdo proteinas que participam em diversos processos fisiologicos
e patoldgicos. Neste trabalho, relatamos a identificagdo de MPs em trés carrapatos de
importancia economica: Ixodes persulcatus (Ip-MPs), Rhipicephalus sanguineus (Rs-MPs)
e Rhipicephalus microplus (BrRm-MPs). O perfil transcricional em varios tecidos e fases
de vida mostra que MPs sdo transcritas em glandula salivar durante a alimentacdo de
fémeas e nao sdo transcritos no macho (com exce¢ao de uma MP, BrRm-MP4) e ovos, o
que sugere que esta familia da proteinas sdo componentes funcionais necessarios para
interferir nas defesas do hospedeiro, apoiando o processo de hematofagia. A presenca de
um sitio de ligagdo de zinco, uma dobra“Met-turn” e um dominio rico em cisteina na
regido C-terminal indica que todas os transcritos obtidos codificam para a familia de MPs
reproplisina (metzincina). Uma das MPs de R. microplus (BrRm-MP4) foi selecionada
para uma investigacdo mais aprofundada quanto ao potencial como um antigeno vacinal,
devido ao seu padrdo de transcri¢do ubiquos e devido aprevisdo in silico de epitopos
imunogénicos, em comparagdo com as demais MPs identificadas. BrRm-MP4
recombinante (rBrRm-MP4) foi expressa em Escherichia coli e testadas como um
antigeno contra infestacdo de R. microplus. Imunoblot mostrou que o soro de bovinos
imunizados com rBrRm-MP4 reconhece BrRm-MP4 da glandula salivar, ovario e larvas
de R. microplus. Comparando com o controle, a vacina¢do com rBrRm-MP4 proporcionou
uma reducao de 43% no nimero de fémeas adultas, redugao de 14,80% na postura de ovos
e reducao de 17,53 % na capacidade de eclosdo da larva, realizando um protegao total de
60% estatisticamente significativa. Os resultados indicam que rBrRm-MP4 ¢ um potencial

candidato a ser incluido como imun6geno em uma vacina anti-carrapato.



Summary

Metalloproteases (MPs) are proteins participating in several physiological and
pathological processes. Here, we report the identification of MPs in three economically
important ticks: Ixodes persulcatus (Ip-MPs), Rhipicephalus sanguineus (Rs-MPs) and
Rhipicephalus microplus (BrRm-MPs). Transcriptional profile in various tissues and life
stages revealed the presence of all MPs transcripts in salivary glands during feeding stages
and absence in males (except one MP, BrRm-MP4) and eggs, suggesting this family
proteins are functional components required to interfere with host defenses, supporting
tick hematophagy. The presence of a zinc binding site, a “Met-turn” and C-terminal
cysteine rich domain indicates all obtained transcripts encode for proteins belonging to the
reproplysin (metzincin) family of MPs. A R. microplus MP (BrRm-MP4) was selected for
further investigation concerning its potential as a vaccinal antigen due to its ubiquitous
transcription pattern and in silico prediction of immunogenic epitopes, comparing to other
obtained MPs. Recombinant BrRm-MP4 (rBrRm-MP4) was expressed in Escherichia coli
and tested as an immune-protective antigen against R. microplus infestation. Immunoblot
showed specific antibodies against rBrRm-MP4 in immunized calves sera. Sera from
immunized calves recognized BrRm-MP4 in R. microplus salivary gland, ovary and
larvae. Comparing to ticks reared non-vaccinated calves, rBrRm-MP4 provided 43%
reduction in adult female number, 14.80% reduction in egg laying and 17.53% reduction
in larva hatching capacity, performing an overall 60% statistically significant protection.
We assume rBrRm-MP4 is a potential candidate to be included as immmunogen for

further development in an anti-tick vaccine.



1. Introducao

O risco a satde humana e animal por infec¢des transmitidas por carrapatos tem
atraido atencdo dos setores médicos e veterinarios. Carrapatos, além dos prejuizos
causados pela espoliacdo de sangue e anemia sdo vetores de virus, fungos e bactérias
patogénicos (HAJDUSEK et al., 2013). Estes ectoparasitas hematdfagos sdo &caros
pertencentes a duas familias principais, Argasidae (carrapato mole) ¢ Ixodidae (carrapato
duro) e uma terceira familia,formada por uma tunica espécie que possui caracteristicas de
carrapato duro e mole (Nuttalliellidae). A familia Argasidae possui 193 espécies de
carrapatos distribuidos em quatro género diferentes, enquanto a familia Ixodidae possui
702 espécies distribuidas em 14 géneros (HORAK er al., 2002; GUGLIELMONE et al.,
2010). Carrapatos argasideos realizam o repasto sanguineo rapidamente,alimentando-se de
pequenas quantidades de sangue diversas vezes, ao contrario dos ixodideos, que
permanecem fixados aos hospedeiros ingerindo grandes quantidades de sangue por varios
dias. Carrapatos ixodideos sdo Unicos entre os ectoparasitos, devido principalmente ao

longo tempo que passam fixados ao hospedeiro (SAUER et al., 2000).

O carrapato Rhipicephalus (Boophilus) microplus ¢ um parasita monotropico
monoxeno endémico entre os paralelos 32 °N e 32 °S (SOSSALI et al., 2005), area que
abrange os principais paises produtores de carne bovina (Fig. 1). Além da transmissdo de
Babesia spp. e Anaplasma spp. este carrapato causa perdas pela espoliacdo do hospedeiro
bovino, levando a menor produgdo de carne e leite, pela maior propensdo a miises e danos
ao couro. Em 1992, as perdas econdmicas globais causadas por R. microplus foram

estimadas em US$ 8 bilhdes (RECHAV, 1992). No Brasil,um dos maiores rebanho bovino



no mundo e também um dos maiores exportadores de carne bovina, as perdas causadas

pelo R. microplus sdo estimadas em 3,9 US$ bilhdes em 2013 (GRISI et al., 2013).

Fig.1. Distribuicdo geografica de R. microplus (em preto), incluindo a incidéncia recente

no Oeste da Africa (circulo) (MADDER et al., 2007; LEGER et al., 2013).

Diferentemente, o carrapato Ixodes persulcatus, também conhecido como Taiga
tick, ¢ um carrapato que possui trés hospedeiros e ¢ endémico na zona da Taiga (Fig. 2)
(Extremo Oriente da Asia, Japdo, Russia, norte da China, Mongodlia e Cazaquistio)
(KOVALEV & MUKHACHEVA., 2012). Ele tem sido associado com a transmissdo de
varios patdogenos, como o virus da encefalite transmitida por carrapato, Borrelia
burgdorferis e Anaplasma phagocytophilum, para seus hospedeiros que sdo em sua
maioria pequenos mamiferos ungulados e ocasionalmente passaros (KANG & JANG,
1985; HAYASAKA et al., 2001; SHPYNOV et al., 2004; WURITU et al., 2009;

KONNAI et al., 2011).
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Fig.2. Distribuicdo geografica de [. persulcatus (em cinza) (KOVALEV &

MUKHACHEVA., 2012).

Rhipicephalus sanguineus ¢ um carrapato de trés hospedeiros que se alimenta
principalmente no cdo e ocasionalmente em outros hospedeiros, incluindo bovinos,
humanos e chacais (GHOSH er al., 2007, DANTAS-TORRES, 2009). Esta amplamente
distribuido (50 °N e 35 °S) (Fig. 3) e ¢ vetor de diversos patdogenos para caes, como
Babesia canis, Ehrlichia canis e Rickettsia conorii (BRUMPT, 1932; DANTAS-
TORRES, 2008; PACHECO et al., 2011), além de R. conorii e R. rickettsii, agentes da
febre maculosa humana do Mediterraneo (Mediterranean spotted fever), febre maculosa
brasileira e febre das Montanhas Rochosas (Rocky Mountain fever) (MORAES-FILHO et

al.,2009; DANTAS-TORRES et al., 2012).
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Fig.3. Os circulos mostram a distribuicdo de geografica de R. sanguineus (KOLONIN,

2009).

1.1. Ciclo de vida do R.microplus, R. sanguineus e 1. persulcatus

A maioria dos carrapatos passa por quatro estagios de vida: ovo, larva (com trés
pares de patas), ninfa (quatro pares de patas) e adultos. Apds a eclosdo dos ovos, os
carrapatos procuram por um hospedeiro, onde se alimentam de sangue. Algumas espécies
de carrapato exigem varios hospedeiros € podem demorar até trés anos para completar seu
ciclo de vida, sendo que maioria dos carrapatos morre por ndo encontrar um hospedeiro
para a proxima alimentacdo (Centers for Disease Control and Prevention,

http://www.cdc.gov/ticks/life cycle and hosts. html).
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1.1.1. R. microplus

Os carrapatos pertencentes ao subgénero Boophilus tém um ciclo de vida (Fig. 4)
parasitaria de trés a quatro semanas, produzindo grande infestacdo nos hospedeiros. R.
microplus passa por todas as fases de vida parasitaria (cerca de 21 dias) em um unico
hospedeiro. Depois de se alimentarem, as fémeas adultas despreendem-se do hospedeiro e
abrigam-se no solo junto as partes inferiores da vegetacdo para postura de ovos, com um
periodo de pré-postura de 2-3 dias (ROCHA, 1998). Apos a postura de um Unico lote de
dois a trés mil ovos a fémea morre. Em condicdes ideias (temperatura, umidade, abrigo da
luz direta), a incubacdo dos ovos leva de 12 a 15 dias. Em seguida, as larvas levam cerca
de 7 dias movimentando-se, ¢ também levadas pelo vento, at¢ que encontrem um
hospedeiro (GONZALES, 1995). As larvas abrigam-se sob a vegetagdo ¢ sobem para as
pontas das pastagens quando estimuladas por sinais do hospedeiro, sendo CO, o principal
deles. Caso ndo consigam um hospedeiro, retornam ao abrigo para se reidratarem e
aguardarem por um novo hospedeiro. Uma vez no hospedeiro, procuram um local onde a
pele seja menos espessa, onde se fixam pelo aparelho bucal e iniciam um repasto
inicialmente de linfa e logo em seguida de sangue (WAGLAND, 1978; CORDOVES,
1997). No verdo, R. microplus pode sobreviver por trés a quatro meses sem se alimentar,
enquanto no inverno, esse periodo pode se prolongar por seis ou até¢ mais meses. As larvas
sofrem duas mudas, para tornarem-se ninfas e depois adultos. Durante todo tempo de vida
parasitaria (de larva ao adulto totalmente ingurgitado) as fémeas permanecem com o
aparelho bucal fixado ao hospedeiro por um cemento constituido majoritariamente de uma

proteina rica em glicina (MARUYAMA et al., 2010).
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FASE DE VIDA PARASITARIA

LARVA INFESTANTE4+—— OVOS/ECLOSAOD «——_ POSTURA

Fig.4. Ciclo de vida do R. microplus. Fonte: Adaptado de GONZALES, 1995.

1.1.2. R. sanguineus

O carrapato marrom do cdo R. sanguineus ¢ um parasita, monotropico (todos os
estagios de desenvolvimento se alimentam de hospedeiros de uma mesma espécie) de trés
hospedeiros (cada fase de vida requer um novo hospedeiro para se alimentar). Cada
estagio (Fig. 5) (larva, ninfa e adulto) alimenta-se em um hospedeiro diferente (DANTAS-
TORRES, 2008). A fémea adulta de R. sanguineus alimenta-se no hospedeiro por um
periodo de 5 a 21 dias (NUTTALL, 1913; SRIVASTAVA, 1964; KOSHY et al., 1983;
PEGRAM et al., 1987; IOFFE-USPENSKY et al., 1997). Depois do ingurgitamento e
desprendimento do hospedeiro a oviposi¢do (16-18 dias) ¢ precedida por umafase de pré-
oviposicao (3-14 dias) (PETROVA-PIONTKOVSKAYA, 1947; KOCH, 1982). O periodo
de incubacdo do ovo varia de 6 dias a algumas semanas (23 dias) (DANTAS-TORRES,
2008). Apos a eclosdo, as larvas alimentam-se de trés a dez dias e mudam para o estagio
de ninfa (NUTTALL, 1913; KOSHY et al., 1983, PEGRAM et al., 1987; 10FFE-

USPENSKY et al., 1997).
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Fig.5. Ciclo de vida de R. sanguineus. Adaptado por Rebeca Machado (Nao publicado).

O periodo de muda das larvas varia de 5 a 15 dias (PEGRAM et al., 1987). Ninfas
alimentam-se de 3 a 11 dias e mudam para adultos (IOFFE-USPENSKY et al., 1997;
SRIVASTAVA, 1964). O periodo de muda da ninfa varia de 9 a 47 dias
(NUTTALL, 1913; KOSHY et al., 1983; IOFFE-USPENSKY et al., 1997). Larvas de R.
sanguineus ndo alimentadas podem sobreviver por cerca de oito meses, enquanto ninfas e
adultos nao alimentados podem sobreviver por um periodo de 6 a 19 meses,
respectivamente (GODDARD, 1997). Em condig¢des favoraveis, o ciclo de vida pode ser
completado em 63-91 dias (BECHARA et al., 1995; GODDARD, 1997; LOULY et al.,
2007). Estas condi¢des podem variar muito entre as populagdes devido a fatores como

temperatura e disponibilidade de abrigo (DANTAS-TORRES, 2008).
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1.1.3. I. persulcatus

O ciclo de vida do carrapato Taiga (1. persulcatus) foi estabelecido em laboratorio

(KONNALI et al., 2008) e ainda ndo ¢ bem conhecido em condi¢gdes naturais. O ciclo de

vida (Fig. 6) completo dura cerca de 250 dias, sendo que o periodo exato de pré-

alimentacdo ndo ¢ conhecido. Fémeas adultas alimentam-se por 6 a 10 dias e t€ém um

periodo de pré-oviposi¢do com duragdo de 5-9 dias. O periodo de incubagdo dos ovos ¢ de

30-40 dias. Apds a eclosdo as larvas tém um periodo de alimentagdo de 2 a 4 dias e

mudam para ninfa, em 90 a 120 dias. As ninfas alimentam-se por 3 a 5 dias e mudam para

adulto em 60 a 90 dias. Os periodos pré-muda de larva e ninfa de I. persulcatus sdo

maiores do que outras espécies de carrapatos conhecidos (KONNALI et al., 2008).
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Fig.6. Ciclo de vida I. persulcatus em laboratorio (KONNALI et al., 2008).
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1.2. Vacinas anti-carrapato

Devido ao impacto econdmico e social das infestagdes por carrapatos e das
doencas por ele transmitidas, tanto no homem como em animais, o controle do carrapato ¢
uma prioridade global. Aplicacdo de acaricidas ¢ ainda o principal componente das
estratégias de controle do carrapato, que ¢ feito exclusivamente com essas drogas ou
integrados com outros métodos. O uso desses produtos quimicos tém desvantagens como
levar a sele¢ao de populacdes de carrapatos resistentes aos acaricidas e também acarretar
riscos de contaminagdo do ambiente ¢ de alimentos pela permanéncia de residuos das
drogas ou seus metabolitos tanto no leite como na carne (GRAF et al., 2004; HAJDUSEK
et al., 2013). Diante dessa situacdo, as vacinas anti-carrapato surgiram como uma forma
alternativa para controlar a infestagdo por carrapato, evitando esses problemas (DE LA
FUENTE et al., 1999; REDONDO et al., 1999; DE LA FUENTE et al., 2007). As
vantagens potenciais das vacinas incluem um custo-beneficio vantajoso, evita a
contaminagdo dos produtos de origem animal e do ambiente, evita o desenvolvimento de
resisténcia a acaricidas, possibilita a prevencdo da transmissdo de agentes patogénicos e
potencialmente pode ser aplicadaa uma grande variedade de hospedeiros (DE LA
FUENTE et al., 1999; REDONDO et al., 1999; DE LA FUENTE et al., 2007; YAMADA
et al., 2009; RODRIGUEZ-MALLON et al., 2012). No entanto, o grande desafio no
controle de carrapatos e doencas transmitidas por carrapatos € identificar antigenos que

confiram um grau de protecao adequado.

Assim como os demais animais hematofagos, os carrapatos dependem de varios
componentes da saliva tanto para manter o fluxo de sangue como também para evadirem-

se das defesas imunologicas do hospedeiro. De fato, varias observacdes indicam que

16



proteinas da saliva de carrapato sdo cruciais para a alimentacdo sanguinea e transmissao
eficiente de patogenos (GUERRERO et al., 2012). Assim, os componentes da glandula
salivar de carrapato tém atraido a atencdo como possiveis candidatos a antigeno vacinal.
Entre esses componentes incluem-se véarias moléculas com atividade bioldgica na fixagao
do aparelho bucal, modulagdo do sistema imune inato e adquirido e manutengao do sangue
na forma fluida (SAUER et al., 1995; SIMO et al., 2012). Os carrapatos possuem sistema
de digestdo intracelular no qual proteinas do sangue ingerido sdo digeridas no interior dos
lisossomos por uma sucessao de proteases que operam em pH acido (LARA et al., 2005;
SOJKA et al., 2008; HORN et al., 2009). Os anticorpos, do hospedeiro, presentes no
sangue sdo capazes de ndo sé atingir as células do sistema digestorio como também de
atingir a hemolinfa ¢ ainda tecidos, onde ainda sdo funcionais e podem se ligar

especificamente aos seus antigenos alvo (VAUGHAN et al., 2002).

Como mencionado acima, as vantagens potenciais das vacinas incluem maior
custo-beneficio, evita a contaminagdo do ambiente, evita a resisténcia a drogas, permite
prevenir a transmissdo de agentes patogénicos e sdo potencialmente aplicdveis a uma
grande variedade de hospedeiros (DE LA FUENTE et al., 1999; REDONDO et al., 1999;
GRAF et al., 2004; DE LA FUENTE et al., 2007, YAMADA et al., 2009). Como outras
vacinas anti-parasitarias, vacinas anti-carrapatos dependem da identificacdo de antigenos
eficazes. Varias abordagens vém sendo usadas para identificar antigenos e desenvolver
uma vacina anti-carrapato eficaz e adequada para uso a campo, principalmente contra R.

microplus (WILLADSEN, 2004 & 2006).

As primeiras tentativas de obter tal vacina foram feitas utilizando extratos brutos

de carrapatos (WILLADSEN, 2004 & 2006; SONENSHINE et al., 2006). A glicoproteina

17



Bm86, presente no tubo digestorio de todas as fases da vida de R. microplus
(MUHAMMAD et al., 2008), se tornou o primeiro antigeno protetor contra carrapato, na
realidade contra qualquer ectoparasita, usado em uma vacina comercial (WILLADSEN et
al., 1989; RODRIGUEZ et al., 1995; WILLADSEN, 2004 & 2006; SONENSHINE et al.,
2006). A comercializa¢do de vacinas baseadas na proteina Bm86 iniciou-se na década de
1990 e provou ser uma alternativa para o controle de infestagdes pelo carrapato R.
microplus em algumas regides (RODRIGUEZ et al., 1995; DE LA FUENTE et al., 1999).
No entanto, a variagdo genética em sequéncias de aminoacidos da proteina Bm86 que foi
verificada entre R. microplus de diferentes regides geograficas afeta a eficacia das vacinas
baseadas nessas proteina (GARCIA-GARCIA et al., 2000). Com efeito, uma variagdo de
2,8 % na sequéncia de aminoacidos ¢ suficiente para modificar a eficiéncia na
imunoprote¢ao (GARCiA-GARCfA et al., 1999). Uma variagdo entre 3,4 a 6,1 % foi
observada na sequéncia de aminodcidos de Bm86 de diferentes populacdes de R.
microplus. A comparacao entre os carrapatos de diversas regides do Brasil, Argentina,
Uruguai, Venezuela e Colombia (SOSSAI et al., 2005) revela grande variagdo na eficacia
das vacinas baseadas na Bm86. Igualmente, uma variacdo entre 1,14 e 4,56 % foi
verificada na sequéncia de aminoacidos da proteina Bm95, a variante da Bm86 presente
em algumas populagdes de R. microplus. Embora vdrias proteinas, geralmente obtidas na
forma recombinanteforam testadas como antigeno, vacinas com Bm86 continuam a ser as
unicas vacina disponiveis comercialmente contra ectoparasitas. Isso ressalta a necessidade

de desenvolver novas abordagens experimentais para encontrar antigenos mais adequados.

Como a vacina Bm86 nao confere protecdo suficiente e enfrenta limitagcdes pela
falta de especificidade em determinadas regides geograficas e também os recentes relatos

do aumento de populagdes de carrapato resistentes aos acaricidas quimicos (GARCIA-
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GARCIA et al., 1999; GARCIA-GARCIA et al., 2000), a busca de novas vacinas anti-
carrapato permanece uma necessidade (WILLADSEN, 2004 & 2006). Entre os antigenos
com potencial para entrar e na formula¢do de uma vacina contra R. microplus incluem-se
proteinas envolvidas no armazenamento de ferro e na formagao do cone de cemento que
prende as pegas bucais ao hospedeiro (PARIZI ef al., 2012). Nosso grupo de pesquisa
investiga o potencial imunoprotetor de proteinas de carrapatos envolvidas em diferentes
fungdes fisioldgicas, como desintoxicagdo celular e desenvolvimento embrionario (LEAL
et al., 2006; SEIXAS et al., 2008; PARIZI et al., 2013). Notavelmente, outros grupos de
pesquisa testaram diversos antigenos (GUERRERO et al., 2012) quanto a sua eficacia
anti-carrapato, sendo que apenas alguns deles levaram a resultados promissores
(RODRIGUEZ et al., 1995; SAUER et al., 1995; WEISS et al., 2004; PATARROYO et

al., 2002; HAJDUSEK et al., 2010; ALMAZAN et al., 2010).

1.3. Significancia do genes conservados

A identificagdo de antigenos protetores conservados entre varias espécies de
parasitas ou vetores de espécies pode ajudar no desenvolvimento de uma vacina viavel
universal para o controle de varias infestacdes de artropodes (PARIZI er al., 2013).
Pesquisas recentes forneceram evidéncias que suportam a ideia de desenvolver vacinas
universais com o duplo objetivo de controlar as infestacdes de artropodes e reduzir suas
capacidades vetoriais para as transmissdes de patdogenos (PARIZI et al., 2012). Foi
mostrado que os mesmos epitopos conservados das proteinas subolesina e aquirina
conferem prote¢dao contra carrapato, mosquito e infestagdes por flebotomineos (sand fly)
(HAJDUSEK et al., 2013; MERINO et al., 2013). O gene Ba86 de B. annulatus, ortdlogo

do gene BmS86de R. microplus, foi expresso na levedura Pichia pastoris e a proteina
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recombinante purificada foi usada para imunizar bovinos e testar sua eficicia para o
controle de infestacdes por B. annulatus € R. microplus. A vacinagdo com Ba86 reduziu o
nimero de fémeas que completaram o ciclo de vida parasitaria, a oviposi¢do e a
fecundidade de ovos para ambas espécies, B. annulatus € R. microplus (CANALES et al.,
2009). De forma semelhante, nosso grupo de pesquisa mostrou que vacinagdo usando a
proteina GST-HI de H. longicornis como antigeno protege contra infestagdes por R.
microplus, mostrando outro exemplo de imunidade cruzada usando genes altamente

conservados (PARIZI et al., 2011).

1.4. Metaloproteases

Metalopeptidases ou metaloproteases (MPs, devido ao maior uso na literatura sera
usado o termo metaloprotease) (EC 3.4.24) sdo peptidases (hidrolisam ligagcdo peptidica)
que requer um cation metalico (geralmente zinco) como cofatore estdo distribuidas em
todos os reinos da vida. Alguma delas tém como alvo ligagdes peptidicas internas de
proteinas e oligopeptideos e estdo envolvidas em processos como a digestdo e degradagao
de proteinas da ingesta, manutencdo e remodelamento de tecidos. Também estdo
envolvidas no processamento proteolitico, clivagem altamente especifica e limitada e uma
ou de um numero reduzido de ligacdes peptidicas que inativam ou ativam elas mesmo ou
outras proenzimas, enzimas, peptideos bioativos, inclusive repressores de DNA (GOMIS-

RUTH, 2003).

O grupo metzicina das MPs caracteriza-se por um motivo conservado de ligacao a
zinco conservado (H-E-X-X-H-X-X-G-X-X-H-X) no sitio ativo formado por uma o hélice
central, uma Met-turn (triade contendo metionina) ¢ um motivo C-terminal rico em

cisteina. Subdivide-se em familias, sendo que as principais sdo as astacinas, serralisinas,
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MPs de matriz e repolisinas (adamalisinas/ADams) (GOMIS-RUTH, 2009). A familia
reprolisina caracteriza-se pela presenca de um residuo de acido aspartico no C-terminal do
motivo de ligacdo a zinco (H-E-X-X-H-X-X-G-X-X-H-D) (BOLDT et al., 2001; JOH et

al., 2004).

O amplo espectro da atividade proteolitica das MPs incluem MPs
fibrin(ogen)oliticas (FRANCISCHETTI et al., 2003; DAGDA et al., 2013) com atividade
de desagregacao de plaquetas, provavelmente pela hidrolise do fibrinogénio envolvido nas
ligagdes cruzadas entre plaquetas (MAHLAKU, 2002). Isso sugere que MPs possuam um
papel durante a alimentacdo dos carrapatos para manter o sangue facilmente acessivel.
Embora algumas MPs de carrapato foram ja caracterizadas (FRANCISCHETTI et al.,
2003; HARNNOI et al., 2007; DECREM et al., 2008a,b; BARNARD et al., 2012;
ADAMSON et al., 2013) a capacidade imunoprotetora dessas enzimas permanece a ser

avaliada.

1.5. Mecanismo de acao das MPs

Com base na organizagdo estrutural de diferentes combinacdes de dominios
cataliticos as MPs de venenos de serpente foram classificadas em trés classes de moléculas
precursoras (P-1, P-IT e P-11I ), divididas em 11 subclasses sendo que seis delas pertencem
ao classe P-II. Formalmente chamada de P-IV, a classe heterotrimérica de MPs de venenos
de serpente ¢ agora incluida na classe P-III como uma subclasse (P-I111d) (MOURA-DA-
SILVA et al., 2011). MPs da classe P-I t€m massa molecular entre 20-30 kDa e da classe
P-II t€ém a massa molecular de 30-60 kDa. A classe P-III tem um dominio rico em cisteina
com um padrdo caracteristico de uma sequéncia de 11 residuos de cisteina na regido C-

terminal, variando entre 60-90 kDa (JIA et al., 1996; HATI et al.,1999).
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A atividade catalitica das MPs depende da utilizagdo da coordenagdo com o ion
metalico. O ion metalico propicia forte atracdo nucleofilica para ajudar o ataque por uma
molécula de agua a ligacao peptidica alvo. As enzimas nativas tem uma molécula de agua
coordenada no quarto sitio tetraédrico (os grupos ligantes para metais sdo as cadeias
laterais de dois residuos de histidina e de um de 4cido glutdmico). Esta agua pode se
deslocar através da coordenacdo da carbonila do substrato para o dtomo de metal, mas
pensa-se que permanega no sitio ativo. Supde-se que estd molécula de dgua permanece
coordenada ao atomo de metal pelo menos no estado de transicdo. A molécula de adgua
também liga-se por uma ligacdo de hidrogénio ao grupo carbonila do residuo de acido
glutdmico, o qual serve como uma base geral para remover um préton e auxiliar o ataque
da carbonila do substrato pepditico. Um préoton deve ser transferido para um atomo de
saida (nitrogénio) e este pode ser proveniente do acido glutdmico. Esse acido glutamico
serviria como um sistema de transferéncia, em analogia com um dos grupos cataliticos das

proteases asparticas € a His nas cisteina-proteases € serina nas serina-proteases

(BEYNON, & BOND, 1990).

Como mencionado anteriormente, o grupo metzincina das MPs participa no
desenvolvimento de tecidos, manutengdo, remodelacdo e degradacdo de proteinas
inespecifica. Uma melhor compreensdo do mecanismo de reagdo das MPs do grupo
metzincina € importante para encontrar inibidores especificos destas enzimas. O
mecanismo catalitico das metzincinas ndo ¢ tdo bem conhecido como o mecanismo das
gluzincinas e outras enzimas (MANSFELD, 2007). Esta complexidade deve-se
principalmente a diversidade de subfamilias pertencentes ao groupo metzincina, sendo que

cada MP apresenta varios modos de ativagdo proteolitica. As metzincinas possuem um

residuo de glicina, 4cido glutdmico e trés residuos de histidina no motivo do sitio ativo (H-
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E-X-X-H-X-X-G-X-X-H-X), formando a ligagdo com zinco, além de ser caracterizada por
uma “Met-turn” nas vizinhangas do sitio ativo (STOCKER et al., 1995). A glicina
conservada neste motivo ¢ importante para a formagdo da “Met-turn”, que traz os trés
ligante de zinco para a posi¢ao desejada (BODE et al., 1992). A coordenacdo do ion zinco
com aminodcidos conservados do sitio ativo e com moléculas de dgua sdo essenciais para
as propriedades cataliticas das MPs do grupo da metzincina. As reprolisinas/ADAMs
(subgrupo da metzincina) sdo enzimas multidominios sintetizadas como zimogénios cujos
pro-dominios sdo removidos ainda na via secretdria pela agdo de convertases. No entanto
estudos recente mostram que a ADAMSs-13 ¢ ativa mesmo sem a remog¢ao do propeptideo
(HITE et al., 1992; SOMERVILLE et al., 2003; APTE, 2004). A ativagdo de MPs da
familia reprolisina ter sido proposta ocorre por cisdo proteolitica do prodominio seguido
de um mecanismo tipo "interruptor de cisteina” que envolve um residuo de cisteina

localizado dentro de um motivo altamente conservada no prédominio.

4-aminofenilmercuriacetato (APMA) ¢ um conhecido de ativador MPs e seu
mecanismo de ativacao foi originalmente sugerido ocorrer por remo¢ao do prodominio da
MP através da associacdo preferencial com o residuo de cisteina do “interruptor de
cisteina”. Mutagdes na regido do prodominio sugerem que o mecanismo de ativagdo pode
ser mais complicado e relacionado com alteracdes conformacionais no prodominio
(GALAZKA et al., 1999). APMA também ativa o fator de crescimento dependente de
ADAMSs, presumivelmente através de um mecanismo semelhante da ativagdo de MP
(MILLA et al., 1999; MERLOS-SUAREZ et al., 2001). A ativagdo através da remogao do
dominio zimogénico permite a passagem de um estado, inativo, no qual o residuo de
cisteina dentro do motivo conservado PRCGVPD substitui a molécula de solvente

catalitica na coordenacdo com zinco, para o estado de enzima ativa com a cisteina
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acessivel ("interruptor de cisteina” ou mecanismo tipo velcro). Interruptores de cisteina
semelhantes sdo também propostos em outros tipos zimogénios de MPs (MILLA et

al., 1999; MERLOS-SUAREZ et al., 2001).

1.6. Papel de MPs na hematofagia e patologia

MPs regulam um grande nimero de funcdes celulares, incluindo processos
complexos, alguns tipicos de células tumorais. O envolvimento de MPs em metastase
tumoral tem recebido grande atencdo nos ultimos anos, resultando em grande quantidade
de estudos sobre o papel desta familia fascinante de proteinas (LOECHEL et al., 2000). A
atividade de MPs ¢ essencial para o crescimento de tumores, metastases e degradacgdo
proteolitica de varios componentes da matriz extracelular (ECM), alterag¢des das interacdes
célula-célula e célula-ECM, migracdo de células e angiogénese (GIALELI et al., 2011).
Mecanismos que particularmente favorecem a atividade das MPs em contribuir para a
proliferacdo de células tumorais, para a modulagdo da disponibilidade de fatores de
crescimento e alteragdes em receptores da superficie celular. Metaloproteases da matriz
(MMP) e reprolisina (também chamada de ADAMs, metaloprotease edesintegrina)
liberam precursores de fatores de crescimento damembrana celular, como os fatores de
crescimento semelhantes a insulina (IGFs) e o receptor do fator de crescimento epidermal
(EGFR), moléculas que promovem proliferagdo celular (LOECHEL er al., 2000;
NAKAMURA et al., 2005). MPs, especialmente MMPs, também contribuem para a
angiogenese, através da degradacdo da membrana basal permitindo assim que células
endoteliais migrem para novos tecidos e através da libertagdo de diversos fatores, como o
bFGF (basic fibroblast growth factor), VEGF (vascular endothelial growth factor) e TGF-

B (transforming growth factor beta) (RUNDHAUG, 2003). Estas ideias sdo apoiadas pelo
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fato de que inibidores de MMPs inibem a angiogénese em modelos animais (NAGLICH et

al., 2001).

Existe uma associagdo Obvia entre inflamacao e cancer com MPs, especialmente
inflamagao persistente (DERYUGINA & QUIGLEY, 2006). O papel elegante de células
inflamatorias, especialmente neutréfilos, macréfagos e células T na progressao do cancer €
analisado em diversos estudos (BALKWILL & MANTOVANI, 2001; NALDINI &
CARRARO, 2005; BIORKLUND & KOIVUNEN, 2005). Células tumorais, juntamente
com outros fatores pro-inflamatorias, também produzem MPs, induzindo influxo

inflamatoério para o local de desenvolvimento do tumor primario e angiogénese

(LITTLEPAGE et al., 2005).

MPs sdo componentes importantes de venenos hemorragicos devido aacdo
hemorragica decorrente da degradacao da matriz extracelular e degradagdo de fibrinogénio
e fibrina (FRANCISCHETTI et al., 2003). MP de aranha tem sido responsabilizada pela
hemorragia e necrose do tecido na regido da picada (NAGARAIJU et al., 2007). Esta
hemorragia ¢ causada principalmente pela destruicdo de componentes estruturais da
membrana basal em torno dos vasos sanguineos e dos capilares. Toxinas
hemorragicascomumente encontradas em venenos de serpentes sdo principalmente MPs
(BJARNASON & FOX, 1994). A maioria dessas MPs de venenos sdo sintetizadas como
zimogénios eapds processamento proteolitico, produzem uma grande variedade de
proteinas multifuncionais (TANJONI et al., 2003). MPs de venenos de serpentes sdo
agentes capazes de hidrolisar proteinas importantes dos tecido, incluindo fibrinogénio,
fibronectina, laminina, colageno e proteoglicanos da membrana basal endotelial (FOX &

SERRANO, 2008). MP hemorragica isolada do veneno de Bothrops jararacussu possui
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também atividade bactericida contra Escherichia coli e Staphylococcus aureus (MAZZI et
al., 2004). Além disso, estudo mais recente mostram um nivel da MMP-9 e propor¢ao da
MMP-9/TIMP-1 no soro de pacientes de encefalite causada por carrapatos (TBE)
significativamente alta, sugerindo que esta MP pode servir como um indicador de dano

inflamatorio cerebral na encefalite causada por carrapato (PALUS ez al., 2013).

1.7. MPs de artrépodes

Ortélogos de MPs estdo presentes ao longo de quase toda a escala evolutiva, desde
bactérias até mamiferos (HUOVILA et al., 2005). As MPs de vertebrados e invertebrados
sdo altamente conservadas (MACOURS & HENS, 2004), e tem sido sugerido que nos
insetos MPs sdo componentes importantes em sistemas de sinalizagdo, sendo responsaveis
pelo ajuste fino da fisiologia através do processamento ou inativagdo de peptideos
reguladores. No genoma de Drosophila melanogaster foram encontrados cinco genes
codificando para ADAMs e dois genes codificando para MMPs. ADAMs controlam
processos biologicos, durante o desenvolvimento e diferenciagdo, principalmente atuando
na remog¢do de regides extracelulares de proteinas de membrana (BLOBEL, 2005;
MEYER et al., 2011), em relagdo as fungdes fisioldgicas dos dominios individuais de
proteinas desta familia, o processo conhecido como derramamento ectodominio
caracteristicamente depende de dominios de MPs (BLOBEL, 2005). Mutagdes no gene
que codifica cuzbaniana, um membro do grupo ADAMs, em D. melanogaster fazem com
que a asa apresente uma série de defeitos devido ao retardamento na orientagdo de axonios
(FAMBROUGH et al., 1996). Ao contrdio, MPs ndo sdo imprescindiveis para o
desenvolvimento embrionario de D. melanogaster, mas sim para a remodelacdo dos

tecidos (PAGE-McCAW et al., 2003). Algumas MPs participam contribuindo na
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regulacdo do arresto de processos-chave de desenvolvimento de D. melanogaster como a
estimulacdo de vias de transducdo de sinal Notch durante a formacao do padrdo do disco

embrionario (SOTILLOS et al., 1997).

Para testar se a atividade de MPs ¢ importante para o direcionamento do neurénio
da pata, embrides de gafanhoto foram cultivados em meio com um inibidor de MPs. A
inibi¢do levou a uma série de erros de orientacdo do neurdnio. A maioria dos defeitos foi
caracterizada por defasciculagdo dos axonios Til, com um axénio estendendo-se
dorsalmente e o outro ventralmente (LEGG & OCONNOR,2003). No escorpido 7.
serrulatus, MPs clivam v-SNARESs (vesicle N-ethylmaleimide-sensitive factor attachment
protein receptor) e também clivam VAMP (vesicle-associated membrane protein). Estas
propriedades tornam esta proteina uma ferramenta complementar valiosa entre as poucas
disponiveis para estudar a estrutura e fungdo de SNAREs (FLETCHER et al., 2010). Além
disso, foi mostrado que MPs do veneno de lagartas possuem atividade fibrinogenolitica,

gelatinolitica e caseinolitica (MALTA et al., 2008).

1.8. MPs de carrapatos

Glandulas salivares de carrapatos sdo estudadas em todo o mundo ja por varias
décadas, refletindo a sua enorme importancia na alimentacao sanguinea e transmissao de
varios patdgenos. As glandulas salivares das fémeas dos carrapatos ixodideos aumentam
seu teor de proteinas e de massa em mais de 25 vezes durante a alimentacdo, a0 mesmo
tempo que os acini tipos II e III apresentam grandes alteracdes morfologicas (BOWMAN
& SAUER, 2004). Simultaneamente h4a aumento na atividade de varias proteases salivares.
Os estudos sobre MPs de carrapatos sdo escassos € o papel dessas enzimas na fisiologia do

carrapato ainda ndo estd bem elucidado. Sabe-se, porém que a regulacdo dessas proteinas
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eoutros componentes da glandula salivar do carrapatos esta relacionada com o processo de
alimentacgdo sanguinea. Além disso, essas proteinas da glandula salivar também interferem

na capacidade de transmitir patdgenos (FRANCISCHETTI et al., 2003).

Desintegrinas constituem uma familia de proteinas ricas em cisteina envolvidas em
varias fungdes fisioldgicas, incluindo inibicao da adesdo celular, migracao e angiogénese.
Geralmente, desintegrinas sdo processadas a partir dos precursores de MPs da classe PII.
Anteriormente, desintegrinas e Sampas foram consideradas como provenientes de
proteinas precursoras comuns (KINI & EVANS, 1992; ASSUMPCAQO et al., 2012). Uma
vez que desintegrinas agem como inibidores de agregacdo plaquetaria foi proposto que as
desintegrinas presentes na saliva de carrapatos e outros hematdfagos participam na
facilitacao da alimentagdo sanguinea (ASSUMPCAOQ et al., 2012).0s dados da literatura
reforcam a hipotese de que membros desta familia de proteina participam na manutengao

da ingesta sanguinea no estado liquido e na digestao de proteinas do sangue.

1.9. MPs de 1. scapularis

Foi sugerido que nas véarias espécies de carrapato as MPs sdo importantes para
inibir a agregagdo de plaquetas e inibir a coagulacdo do sangue por degradar fibrinogénio
e fibrina, facilitando assim o repasto sanguineo (CHMELAR et al., 2012). Dipeptidil-
carboxipeptidases com atividade cininasica (inativagdo de bradicinina) foram encontradas
na glandula salivar e na saliva de I. scapularis (RIBEIRO & MATHER, 1998) e de R.
microplus (BASTIANI et al., 2002; discutido abaixo). Mais tarde, foi mostrado que as
MPs de [I. scapularis classificam-se como reprolisinas, do grupo metzincina
(FRANCISCHETTI et al., 2003). A sequéncia de aminoacidos deduzida do gene desta

proteina (488 aminoacidos) contém também regides pré- e pré-enzimas, sendo que o
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motivo de ligagdo a zinco e a regido rica em cisteina tém similaridade com SVMPs. Uma
desta MP de glandula salivar possui atividade sobre a cadeia Aa, tanto do fibrinogénio
como da fibrina. Duas outras MPs foram identificadas na saliva de I. scapularis
(VALENZUELA et al., 2002). Elas possuem o dominio rico em cisteina, mas no entanto
possuem poucas semelhancas com MPs da familia das desintegrinas. PACKILA &
GUILFOILE, (2002) identificaram e clonaram um outro gene de I. scapularis que tem
estreita semelhangca com sequéncias de MPs, particularmente com o dominio do sitio
ativo, onde o Zn'™ se liga. Analise da transcri¢io mostra que esse gene & transcrito
especificamente no sexo masculino e ndo ¢ transcrito na fémea. Os autores sugerem que
esta proteina é importante para a espermiogenesise e/ou para a fertilizagdo. A saliva de I.
scapularis possui MPs com atividade fibrinolitica e fibrinogenolitica (FRANCISCHETTI
et al., 2003), reforgcando a hipdtese de que MPs participam dos mecanismos de defesas
hemostaticas dos hospedeiros, permitindo ou ao menos facilitando a alimentacao de
sangue pelo carrapato. A inibi¢do da proliferacdo celular endotelial microvascular e a
degradacao de ambas subunidades (a e B) das integrinas a5f1 e alBl pela saliva de 1.
scapularis sugere que MPs sejam as responsaveis por essas atividades (FRANCISCHETTI
et al., 2010; KAZIMIROVA & STIBRANIOVA, 2013). Esta hipotese foi ainda
confirmada pelo fato de que a presenca de EDTA e 1,10-fenantrolina, mas na auséncia de
fluoreto de fenilmetilsulfonilo (PMSF) inibe a degradagdo da integrina a5B1 pela saliva e
I. scapularis (FRANCISCHETTI et al., 2005a). As atividades a-fibrinogenase e
fibrinolitica de MPs salivares de I. scapularis e Ornithodoros savignyi podem também ter
papel importante na desagregacao de plaquetas, provavelmente pela hidrélise de moléculas
de fibrinogénio responsaveis pelas ligacdes cruzadas entre plaquetas ja agregadas.

(MAHLAKU, 2002).Utilizando diversos bancos com dados de genoma e transcriptomas
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de 1. scapularis, foram encontradas 233 proteases putativamente ativas e 150 proteases
putativamente inativas. As proteases supostamente ativas foram incluidas no degradoma (o
repertorio completo de proteases codificadas pelo genoma) dessa espécie. Cerca de 28,3%
(66/233) das MPs de I. scapularis sdo putativamente ativas (MULENGA & ERIKSON,

2011).

1.10. MPs de 1. ricinus

Uma familia de MPs putativas denominados de "Metis MPs", foi identificada e
caracterizada na glandula salivar de 1. ricinus. As seqliéncias de aminodcidos mostram que
todas elas pertencem a MPs da familia reprolisina. A inibi¢ao da expressao de dessas MPs
por iRNA prejudica a alimentacdo sanguinea e aumenta a taxa de mortalidade dos
carrapatos. Glandula salivar tratada com siRNA (short interfering RNA) tendo como alvo
mRNA de determinadas MPs levam a diminuicdo da atividade fibrinolitica da glandula
salivar (DECREM et al., 2008a). Transcritos de todas essas MPs foram encontrados na
glandula salivar. Isso fortalece os argumentos dos autores sobre participagdo desta familia
de proteases na inibig¢do da cicatrizagdo de feridas apos a picada por carrapato, facilitando
assim a alimentagdo de sangue. A vacinacdo de hospedeiros com uma dessas MPs
recombinante impede que carrapatos concluam o repasto de sangiineo. Carrapatos
alimentados em hospedeiros vacinados com essa MP ndo tem a taxa de sobrevivéncia e
nem o tempo de alimentacdo alterados, mas tanto a taxa de ganho de peso como a postura
sao reduzidas (DECREM et al., 2008b). Uma analise mais aprofundada foi realizada para
determinar as propriedades antigénicas dessas MPs. Todas as cinco ORFs de Metis foram
clonadas em vetor de expressdo de mamifero e estas constru¢cdes foram usadas para a

imunizagdo de camundongos. Os resultados mostraram que Metisl, Metis3 e Metis4
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induziram a geragdo de anticorpos e Metis2 e Metis5 ndo. O soro anti-Metis3 reconheceu
Metis3 e Metis4, enquanto que o soro anti-Metis] reagiu com Metisl e Metis2. Nenhum
dos antissoros reconheceu Metis5. Estes resultados sdo explicados com base na hipotese
de que trés epitopos de Metis sdo compartilhados, mas ndo exatamente iguais conforme a

Metis (DECREM et al., 2008a,b).

1.11. MPs de H. longicornis

Seis genes que codificam MPs foram identificados da glandula salivar do H.
longicornis. Essas MPs possuem um pro-dominio ¢ um dominio MPs rico em cisteina,
caracteristico da familia reprolisina. As diferencas encontradas nas sequéncias de
aminoacidos no interior do sitio ativo dessas MPs sugerem que possivelmente essas MPs
possuam elevado grau de preferéncia pelo substrato proteico. A transcricdo de todas as
MPs de glandulas salivares ¢ fortemente regulada pelo repasto sanguineo.Tentativas de
expressar a proteina completa foram infrutiferas devido a baixa solubilidade da uma MP
(hIESTMPI). Apenas proteinas truncadas sem atividade enzimdtica foram obtidas por
expressao heterodloga, o que impede a caracterizagdo das propriedades cinética da enzima.
A localizagdo da proteina nativa em tecidos de carrapato utilizando metodologia de
imunofluorescéncia indireta mostra que uma MP (hIESTMP1) estd enriquecida no
citoplasma das células dos acinos das glandulas salivares, principalmente 4cinos III, de
carrapatos parcialmente alimentados, mas ndo nos granulos (HARNNOI et al., 2007).
Outro grupo expresso uma dessas MP e mostrou ter potencial como antigeno
imunoprotetor resultando em mortalidade em ninfa e carrapatos adultosIMAMURA et al.,

2009).
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1.12. MPs de R. microplus

Uma MP de R. microplus, denominada de BooKase (Boophilus Kininase), foi
identificada e parcialmente caracterizada quanto as suas propriedades cataliticas. Essa MP,
que ¢ ativada por tidis e também por ions metalicos, parece ter um papel importante uma
vez que inativa bradicinina, sendo que a BooKase ¢ especifica para a hidrélise da ligagao
peptidica Phe’-Ser® da bradicinina (BASTIANI er al., 2002). Em R. microplus, a
inativacdo especifica da expressdo de MPs por iRNA afeta significativamente o peso

médio do ovo e a taxa de oviposi¢ao (BARNARD et al., 2012).

Em mamiferos a transcricdlo de MPs ¢ induzida por varios sinais tais como
citocinas, fatores de crescimento e stress mecanico (OVERALL & LOPEZ-OTIN, 2002).
A sinalizacdo para a transcrigado de MPs em carrapatos ainda ¢ totalmente desconhecida,
mas devido ao grande volume de sangue que ¢ ingerido supdem-se que tenha um papel
relevante. A transcricio de varias MPs na glandula salivar de carrapato sugere
preliminarmente que essas enzimas participem nos mecanismos envolvidos na
alimentacdo. Essa hipdtese tem sido reforcada pelas demonstragao de que MPs salivares

de carrapatos possuem atividade fibrinogenolitica e fibrinolitica.

1.13. Inibidores de MPs de carrapato

Entre os inibidores conhecidos de MPs destacam-se proteinas contendo seqiiéncias
similares a regido C-terminal de MPs inibidoras de tecidos como a proteina PCPE
(procollagen C-terminal proteinase enhancer), a proteina RECK (reversion-inducing
cysteine-rich protein with Kazal motifs), netrinas, TIMPs (tissue inhibitors of MPs), TFPI-

2 (tissue factor pathway inhibitor) e a-macroglobulina. Embora o grande numero de
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estudos sobre inibidores de MPs em vérias espécies, em carrapatos nao foi confirmada a

presenc¢a de nenhum desses inibidores (BAKER et al., 2002).

Em Rhipicephalus bursafoi identificado e caracterizados o gene codificantedo que
pode ser o primeiro inibidor de MPs encontrado em carrapatos, especificamente um
inibidor de carboxipeptidase (AROLAS et al., 2005). Esta proteina tem baixa similaridade
de sequéncia com outras proteinas conhecidas mas a sua extremidade C-terminal
assemelha-se com inibidores carboxi-MPs das familias Solanaceae, Ascari, ¢ Hirudo. A
determinagdo da estrutura tridimensional do inibidor de R. bursa ligado a carboxi-
peptidases A (CPA) bovina e carboxipeptidase B (CPB) humana mostra um modo {nico
de ligagao das carboxipeptidases (AROLAS et al., 2006).Posteriormente foi demonstrado
outro inibidor de MPs de H. longicornis em ovéario e em nenhum outro tecido(GONG et
al., 2007). Devido a localizagdo restrita no ovario parece que este inibidor tem uma fungao
especifica na reproducdo. Embora esse inibidor apresente semelhanca com defensinas
(peptideo antimicrobiano), testes com modelos de bactérias Gram-positivas e Gram-
negativas descartaram a hipdtese de que essa molécula participaria das defesas

antimicrobiana de carrapatos (GONG et al., 2007).

1.13. MPs em estudos de “sialotranscriptomica e mialomica” de carrapato

Recentemente, quatro MPs putativas foram encontradas em bibliotecas de cDNA
do intestino do carrapato Dermacentor variabilis, geradas a partir de carrapatos fémeas em
diferentes estagios de alimentacdo. Como transcritos de MPs foram encontrados somente
no intestino de carrapatos nao alimentados ou que se alimentaram por apenas 2 dias, os
autores sugerem que essas MPs podem ter um papel antimicrobiano, controlando a flora

intestinal  (ANDERSON er al., 2008). Da mesma forma, o sialotranscriptoma
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(transcriptoma do glandula salivar) do carrapato Amblyomma maculatum sugere a
presenca de varias proteases na glandula salivar desse carrapato. Entre estas proteases, as
MPs foram predominantes, correspondendo a 2,6% com 268 sequéncias codificadoras
(KARIM et al., 2011). Varios outros estudos identificaram MPs em varias espécies de
carrapatos, incluindo I. ricinus (CHMELAR et al., 2008), I. scapularis (MANS et
al., 2008), Argas monolakensis (MANS et al., 2008), R. sanguineus (ANATRIELLO et
al., 2010), Ornithodorus parkeri (FRANCISCHETTI et al., 2008a), Ornithodoros
coriaceus (FRANCISCHETTI et al., 2008b), Amblyomma variegatum (RIBEIRO et al.,
2011), Hyalomma marginado rufipes (FRANCISCHETTI et al., 2011), Antricola
delacruzi (RIBEIRO et al., 2012), Ixodes pacificus (FRANCISCHETTI et al., 2005b) ¢ o
carrapato Rhipicephalus pulchellu, da zebra (apenas sequencias depositadas no

Genebank).

O conhecimento sobre o papel destas proteinas ¢ importante para o melhor
entendimento da fisiologia das varias espécies de carrapato e das relagdes dos parasitos
com seus hospedeiros. Esse conhecimento ¢ importante também para testes de vacinagdo
seguidos de desafios com carrapato para verificar a validade da hipotese que propde que o
bloqueio de MPs prejudica o carrapatoc de forma que MPs podem servir como antigeno

vacinante para uma ou mais espécies de carrapato.
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2. Objetivo geral

Este trabalho tem como foco a identificagdio de MPs em trés espécies de
carrapatos, R. sanguineus (Rs-MPs), I. persulcatus (Ip-MPs) e R. microplus
(BrRm-MPs) e testar a hipotese que propde MP como antigeno para vacinas

imunoprotetoras contra carrapato.

2.1. Objetivos especificos

7/
L <4

7
L <4

7/
L <4

7/
L <4

Y/
L X4

Identificar MPs em trés espécies de carrapato (R. microplus, R. sanguineus ¢ 1.
persulcatus).

Determinar em que tecido ou fase de vida cada uma das sequencias codificando
para potenciais MPs sdo transcritas.

Sele¢dao da MP com potencial para uso em uma possivel vacina.

Obter a expressao heterologa da MP selecionada.

Testar a hipotese de que MP selecionada ¢ um antigeno imunoprotetor.
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3. Capitulo 1

Artigo 1. Aceito no periddico “Experimental and Applied Acarology”.
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Abstract Metalloproteases (MPs) have been considered essential for blood feeding and
other physiological functions in several hematophagous animals, including ticks. We report
the characterization of MP sequences of three important ticks from Asia, Africa and
America: Ixodes persulcatus (Ip-MPs), Rhipicephalus sanguineus (Rs-MPs) and R. mi-
croplus (BrRm-MPs). Amino acid sequence identity between R. microplus and R. san-
guineus MPs ranged from 76 to 100 %, and identities among I. persulcatus, I. ricinus and I.
scapularis MP sequences ranged from 88 to 97 %. This high sequence identity and typical
functional motifs show that all sequences are MPs. The presence of a zinc binding site, a
Met-turn and cysteine rich domain at the C-terminal region indicates that these proteins
belong to the reproplysin family of MPs. Differences in amino acid sequences of BrRm-
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MP1, BrRm-MP2, BrRm-MP4 and BrRm-MP5 (from Porto Alegre strain ticks) were 6, 2,
7 and 5 %, respectively, when compared with sequences deposited in GenBank for the
same genes from other R. microplus isolates. Analyses of MPs predicted that they have
various highly antigenic regions. Semi-quantitative RT-PCR analysis revealed the presence
of transcripts in salivary glands of partially and fully fed female ticks. None of these
transcripts were observed in males (except BrRm-MP4) and eggs. These enzymes may be
functional components required during tick feeding to manipulate host defenses and
support tick hematophagy.

Keywords Metalloproteases - Reprolysin - Polymorphism - Ixodes - Rhipicephalus -
Hematophagy

Introduction

Ticks are blood-sucking ectoparasites totally dependent on blood-meal from hosts for
survival (Anisuzzaman Islam et al. 2011; Chmelar et al. 2012). Tick infestations cause
economic losses in livestock industry by decreasing milk production, body weight
impairment and leather damage, apart from vectoring several pathogens of bacterial, viral,
and fungal infections (Parizi et al. 2012). The tick Rhipicephalus microplus is a one-host
tick, endemic between parallels 32°N and 32°S, a region which covers the main cattle
breeding countries. Ixodes persulcatus, also known as the taiga tick, is a three-host tick,
prominently distributed in the Taiga zone (Far East Asia, Japan, Russia, northern China,
Mongolia, and Kazakhstan) (Kovalev and Mukhacheva 2012). It has been associated with
the transmission of various etiologic pathogens such as the tick-borne encephalitis virus,
Borrelia burgdorferis and Anaplasma phagocytophilum (Kang and Jang 1985; Hayasaka
et al. 2001; Shpynov et al. 2004; Wuritu et al. 2009; Konnai et al. 2011). Rhipicephalus
sanguineus also is a three-host tick which feeds primarily on dogs and occasionally on
other hosts (Ghosh et al. 2007; Dantas-Torres 2009; Gray et al. 2013). It is a vector of
several pathogens for dogs, such as Babesia canis, Ehrlichia canis, and Rickettsia conorii
(Brumpt 1932; Dantas-Torres 2008), apart from R. conorii and Rickettsia rickettsii, which
cause human Mediterranean spotted fever, Brazilian spotted fever and Rocky Mountain
spotted fever (Moraes-Filho et al. 2009; Dantas-Torres et al. 2012).

Like other blood feeders, ticks produce various molecules to modulate host defenses in
order to maintain their blood feeding capacity. Among these modulatory molecules, bra-
dykinin degrading enzymes (Ribeiro and Mather 1998; Bastiani et al. 2002), platelet
inhibitory prostaglandins (Bowman et al. 1996; Aljamali et al. 2002; Francischetti 2010),
chymotrypsin inhibitors (Lima et al. 2010), thrombin inhibitors (van de Locht et al. 1996;
Zhu et al. 1997; Nienaber et al. 1999; Horn et al. 2000), factor Xa inhibitors (Antuch et al.
1994; Joubert et al. 1995; Maritz-Olivier et al. 2007), immunomodulators (Kotsyfakis et al.
2006; Preston et al. 2013), apyrases (Mans et al. 1998) and adenosine deaminases (Mo-
hamed 2006) are examples of tick salivary molecules that interfere with host homeostasis
effecting blood coagulation, innate and adaptive immune response (Francischetti et al.
2003; Imamura et al. 2009). Among these modulatory molecules, tick salivary gland
metalloproteases (MPs) have also been considered essential for tick blood feeding
(Francischetti et al. 2003; Decrem et al. 2008a). The existence of MPs in prokaryotes as
well as eukaryotes (Kearns et al. 2002) suggests that these molecules are fundamental to
life. In mammals, MPs are important in many aspects of biology, ranging from cell
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proliferation, differentiation and remodeling extracellular matrix to vascularization and
cell migration (Chang and Werb 2001). Studies focusing on tick MPs are scarce, and the
role these molecules play in parasitism remains unclear. Nevertheless, some studies show
that many tick MPs belong to the metzincin clan of MPs (Harnnoi et al. 2007; Decrem
et al. 2008a, b; Barnard et al. 2012).

Metzincins have been found to participate in tissue development and remodeling,
maintenance, unspecific protein degradation of intake proteins as well as in the highly
specific cleavage events to activate or inactivate themselves or other proenzymes and
bioactive peptides (Chang and Werb 2001; Gomis-Riith 2009). Metzincin has a charac-
teristically conserved zinc binding consensus motif (H-E-X-X-H-X-X-G-X-X-H-X) at the
active site integrated into the central o helix, a Met-turn (a methionine containing triad)
and a cysteine-rich C-terminal motif. It is subdivided into major families, including as-
tacins, serralysins, matrix MPs, snapalysins, leishmanolysins, eucolycins, pappalysins and
reprolysins (adamalysins/ADams) (Gomis-Riith 2009). The reprolysin family is charac-
terized by the presence of an aspartic amino acid residue at the C-terminus of its zinc
binding motif (H-E-X-X-H-X-X-G-X-X-H-D) (Boldt et al. 2001; Joh et al. 2004).

The broad spectrum of proteolytic activities of ticks MPs including fibrin(ogen)olytic
MPs (Francischetti et al. 2003; Dagda et al. 2013) and disaggregation of platelets, probably
by hydrolyzing the fibrinogen cross-linked platelets (Mahlaku 2002; Maritz-Olivier et al.
2007), suggests that MPs play a role during tick feeding in order to maintain blood easily
accessible. Thus, knowledge about the role of these proteins is important for a better
understanding of tick physiology. In this sense, the objective of the present study was to
identify the MPs from three tick species, R. sanguineus (Rs-MPs) I. persulcatus (Ip-MPs)
and R. microplus MPs (BrRm-MPs).

Materials and methods
Tick rearing
Rhipicephalus microplus

Partially and fully engorged adult R. microplus female ticks (Porto Alegre strain) were
maintained by experimental infestation on cattle (Bos taurus taurus). Tick-infested animals
were maintained isolated in an experimental animal facility at the Faculdade de Veter-
indria, Universidade Federal do Rio Grande do Sul (UFRGS). Partially engorged R. mi-
croplus females (21-23 days old) and males were hand-picked directly from the host,
while fully engorged females were collected after spontaneous detachment. Fully engorged
R. microplus ticks were maintained in an incubator, at 27 °C and 85 % relative humidity
for laying eggs. Larvae were collected 5 days after hatching.

Rhipicephalus sanguineus

Adult ticks were collected in Rio de Janeiro (Brazil), and maintained by experimental
infestation on rabbits (Oryctolagus cuniculus) which were kept in isolated hutches at the
Faculdade de Veterinaria, UFRGS. Partially fed female (5 days post-infestation) and males
were collected directly from rabbits, while fully engorged females were collected after
spontaneous detachment. After collection, males and females were separated and kept at
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27 °C and 85 % relative humidity for laying eggs. Like R. microplus, larvae were collected
5 days after hatching.

Ixodes persulcatus

Ticks were obtained from a colony kept at the Graduate School of Veterinary Medicine,
Hokkaido University (Konnai et al. 2008). Host-seeking 1. persulcatus adult ticks were
collected from the lower vegetation in forests in the Nissho area, Hidaka district, Hok-
kaido, Japan. After collection, ticks were maintained by experimental infestation on Syrian
hamsters (Mesocricetus auratus), and adult engorged female ticks that had detached of the
animals were collected.

All experiments were carried out in accordance with ethical guidelines on animal
experimentation and were approved by local ethical committees.

RNA extraction and cDNA synthesis

For RNA extraction, ten R. microplus and ten R. sanguineus ticks were washed with 70 %
ethanol before dissection using a scalpel blade, and any host contaminating tissue was
removed using surgical forceps. Ticks were put in a Petri dish containing cold phosphate-
buffered saline (PBS) (pH 7.2), under a stereomicroscope. After removal of the dorsal
surface, ovaries (OV), midguts (MG), salivary glands (SG) and fat bodies (FB) were
separated carefully and added to TRIzol reagent (Invitrogen). Total RNA was extracted
according to the manufacturer’s instructions. Whole male (M), eggs (E) and larvae
(L) were macerated in TRIzol for RNA isolation, as mentioned above. For cDNA syn-
thesis, 5 pg of total RNA was reverse transcribed using oligo-dT priming (Invitrogen) and
SuperScript II (Invitrogen) according to the manufacturer’s instructions.

After isolation of RNA from whole I. persulcatus adult females, a cDNA library was
developed using the In-Fusion SMARTer cDNA library kit (Clontech) according to the
manufacturer’s instructions. To determine the expression profile of Ip-MPs during various
life stages, RNA was extracted from salivary glands (SG), midguts (MG) and cytoskeletons
(C), unfed (U), and engorged (T) larvae, nymphs and whole adult females [day-1(d1), day-
4 (d4)].

Semi quantitative RT-PCR

In order to obtain the full-length novel MP encoding sequences from these three ticks,
several primers were designed (Table 1) based on the full-length MP sequences available
for R. microplus, Ixodes scapularis and Ixodes ricinus in Genbank. RT-PCR was carried
out with RNA extracted from various tissues (as shown above) or the total female I
persulcatus cDNA library, using forward and reverse primers designed based on the
starting and stop codon region to clone the full-length ORFs (open read frames) of MPs
(Table 1). After standardization with actin primers, the condition of PCR reaction using
Elongase enzyme (Invitrogen) was 94 °C for 5 min, followed by 35 cycles of 94 °C for
30 s, 56 °C for 30 s and 68 °C for 2 min, and a final extension of 68 °C for 5 min. For
BrRm-MP1, BrRm-MP2, BrRm-MP4, BrRm-MP5, Ip-MP1 and Ip-MP2, annealing tem-
perature was 58 °C, while for Ip-MP3 55 °C was set. Primers specific for tick actin (Vaz
Junior et al. 2005; Konnai et al. 2008) were also designed based on the actin genes
(Table 1) and used as positive control to check the cDNA integrity.
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Cloning of MPs

PCR products were separated by electrophoresis in a 0.8 % agarose gel analyzed after
staining with ethidium bromide. After confirmation of amplicon size, PCR products (20 pl)
were precipitated using 1 ml absolute ethanol and 40 pl sodium acetate (3 M, pH 5.2)
overnight at —20 °C and then purified using the GeneClean II kit (Qbiogene) according to
the manufacturer’s instructions. Amplicons were ligated in plasmidial vector pGEM-T
(Promega) according to the manufacturer’s instructions and resulting plasmids were used
to transform E. coli Top 10 strain. Plasmidial DNA from positive clones was extracted by
alkaline lysis (Sambrook and Russell 2001), and the identities of the products were con-
firmed by PCR, hydrolysis with restriction enzymes and DNA sequencing.

Sequence analysis

The MPs sequences obtained and identified were used to search for identical MP sequences
using Basic Local Alignment and Search Tool (BLAST) (Altschul et al. 1990) algorithms
against NCBI non-redundant protein database, Bm Gene Index (BmiGI), available at DFCI
(Guerrero et al. 2005; Wang et al. 2007; Saldivar et al. 2008; Bellgard et al. 2012). The
BLAST search assembled several identical MPs sequences that belong to hematophagous
arthropods.

Alignment and editing of MP nucleotide and amino acid sequences were performed
using BioEdit version 7.0.5.2 (Hall 1999), GeneDoc version 5.10 (Nicholas et al. 1997),
MEGA version 5.1 (Tamura et al. 2011) and Vector NTI (Invitrogen). Aligned sequences
were shaded and manually corrected in GeneDoc. Aligned sequences were subjected to
estimate phylogenetic tree topology using the MEGA software. The bootstrap confidence
intervals for each branching pattern were calculated from 1,000 replicates by resampling.

Signal peptides were identified using SignalP 4.0 server (Petersen et al. 2011). For the
prediction of molecular weight as well as of the isoelectric point (pI), the ExXPASy Pro-
teomics Server (Bjellqvist et al. 1993, 1994; Gasteiger et al. 2005) was used. The NetN-
Gly1.0 server (Gupta et al. unpublished) was used to scan the MP putative sequences for
N-glycosylation sites. For motifs and domains prediction, the sequences were subjected to
ScanProsite (Sigrist et al. 2010). Lasergene version 7.0.0 was used to calculate the pre-
dictive antigenicity and hydrophobicity of sequences using the Jameson-Wolf algorithm
(Jameson and Wolf 1988). Predictions of deduced trans-membrane-spanning regions were
done according to various algorithms described (Hofmann and Stoffel 1993; Hirokawa
et al. 1998; Mitaku and Hirokawa 1999; Tusnady and Simon 2001; Mitaku et al. 2002).

Results
Cloning and identification of MPs

Gel electrophoresis shows that only one amplicon was obtained using each primer pair, for
each tick species. Amino acid sequences of all amplicons obtained contained a highly
conserved zinc-binding site (H-E-X-X-H-X-X-G-X-X-H-D) followed by a Met-turn motif
and a cysteine-rich C-terminal motif (Figs. 1, 2). These characteristics constitute the
reprolysin signature (Fig. 1); therefore, all sequences obtained belong to the reprolysin
family of the metzincin group of MPs.
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Ip-MP1 149
Ip-MP2 169
Ip-MP3 171
BrRm-MP1 : RRIEERRNREEFE HIBCIBOKHQSNJAD-KNEDIEIG 229
BrRm-MP2 : ———-YRTVPAEVT 228
BrRm-MP4 : ——--TQSVPPSVTI 217
BrRm-MP5 : ————-TKYNVYEMFP 229
Rs-MP1 : RRIEERRNREEFE : 229
Ip-MP1 I T HE

<

Ip-MP2 : ——-YKI--PLEIYPYH 5STFASABKFDVYKNTRIFANLTN. SFEF] QL : 224
Ip-MP3 : ———FEERGDQTISPRHANLIBATTCA. NYNRKEHIN SYMAMS KSVTH|ZSIURL : 228

BrRm-MP1 : L TREK---GKE#IRSRHSRYTD----TTETLNRLQAYEAENK-VPGKHPALLIAIGL : 281
BrRm-MP2 : L ERVHNAWEEPYLKGDDKYMD————DTATITTLVEHIKT'KHLYGDPIAVYL&TGR : 284
: L
L

BrRm-MP4 EKDE---HS|2MRIGNDKYLE----SSNSLEQFRSYAYGMRHLFGNPRVTFIEIHIGE : 270
BrRm-MP5 ELSTLQQOEKKMYVYLNAASID---AYKSLLKLVTFVTEENDTYQTFEMVYE] : 286
Rs-MP1 : TRRK-—--ENJ2JAPDNHGTTD----TTETLNRLQAYEAERK-VPGKHBALLIAIGL : 281
Ip-MP1 s it S
Ip-MP2 : XMTESTMNKKPGDE 2 IHNVKGYEKYRNILFKETLEDFNKQMKSKPFYYTSPBIVEIRAIAK : 284
Ip-MP3 : TEVANTLLKEN-TQS LKFYKGNKD——MVTFHDTLMEFDSYYQKDPEFNN DIYFIMMIGL : 285
BrRm-MP1 : [BISVKVONG-HLEKGI M g E )T : 340
BrRm-MP2 : [BMYAMDSG-APDTRR 5 )G : 343
BrRm-MP4 : [BNYSTGNGGSKSTSVL I | bE @ 330
BrRm-MP5 : BUVAVYDDGSRONSLQEY! : 346
Rs-MP1 : BIEVKVONG-HLEKGI ) : 340
Ip-MP1 : 192
Ip-MP2 : IS-EWVDGKLQHWVGE Y204 ] : )G : 343
Ip-MP3 : GVATDGTLMPHFS[E Y M g 5 )E : 345

Fig. 1 Amino acid sequence comparison of ticks MPs. All MPs were found to possess a signal peptide (in
gray and underlined with cut-line). Conserved zinc binding site is underlined with diamond-headed line.
The methionine turning motif (MSY) is underlined by a tree. Black and grey indicate 100 and 80-90 %
sequence identity, respectively
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BrRm-MP1 : S-——----———-——-—- P {YRE] Y] SQDSHEDVYYRGLNSQEKRVL : 387
BrRm-MP2 : DAPKTNIVPGHPGAL SO YMRLRGPLEWQVK : 403
BrRm-MP4 : SRPVS-WIKGDPGSMS@LWKE] NYVILRGWSEWLLS : 389
BrRm-MP5 : TAAPGIVTAFTPDSLO@:WEH] q CRYDMORVSWAYEGGELHKN : 406
Rs-MP1 I P {YRE] DYYRELK---——-- : 380
Ip-MP1 : DGPSD-WVKGHIGSTD@=D NIEYNRPEFKELRER : 251
Ip-MP2 : DGPSD-WVKGHIGSTD@® =D NIEYNRPEFKOLRER : 402
Ip-MP3 : DPPDG-TMPGHPGSQN@=RIND] --FVAKERKELYEV : 402

BrRm-MP1 : TKVNYMDKHRE----FAGETVGVKYYCRKRIFHYTKGKKVIHAFAIFKGTQDAQNCKMQCC~- : 442
BrRm-MP2 : SQGHKVDGYYPGMLVTWELNICKYKFPREQSVDADTSLAVLMRCKURCTYSKLRNLYGR-- : 461
BrRm-MP4 : NTGHTNAGIYPGMEVARNAYCRHAFPDKENVTADMESDSMAKCMUKCQYPEYRRVCYSSR : 449
BrRm-MP5 : NSNRFPLNWVT-EYYIJEGENLSLNRQCEMKYPQLHGTYYLEKVIDKWYCQGYCYVPEVP- : 464
Rs-MP1 e - KIVACNAAIGKVT-————————~ : 395
Ip-MP1 : YATKTIKRSSK----LIaGVMTTLSNYCKRVYMYDEGMHADANTYGUQDCKVKC-TAKT--- : 303
Ip-MP2 ¢ YTTKTIKRSSK----LIEGVMTTLSNYCKRVYMYDEGMHADIATYGQDCKVKC-TAKT--~ : 454
Ip-MP3 : NAKNPVENLKS----L|§GFRISPTSFCQFMHPLYRGVHSDAKAGESDCIQTCRTAKNRR- : 457
BrRm-MP1 ¢ YWOGNMRTCWPTPMLERMT@®L---KGKT@KREVEGVHEW-——-———————————=—————— : 478
BrRm-MP2 : --AYKFPVQVEFEAPPHARSG---DRTVEIREIEGLK-—————————————————————— : 493
BrRm-MP4 : CFTYVTTYSLQLHAQ®YMPEG---GNKVEIQEVEGEGKIVMPSQKSTTVTATADTEATTT : 506
BrRm-MP5 : ——-GESSAGQUDFLFMBEGTT@DDDYAKTHMYKRRVPCRPEKNRTT-——-——=——=—=—————— : 506
Rs-MP1 e HEE
Ip-MP1 e TYWRLSVVIEGTPEG---KKKAGILEEGVDEIKISTKD———————————————— 1 337
Ip-MP2 it THURLSVVIEGTPEG---KKKAGILEKOVDATIKISRTD-~~—~—=——————=—— : 488
Ip-MP3 : ————-GGYKS|ITHAAIBGVPEDNRNKKKAG INEKEOTLLNSMPERTYRE-—-===——=—=———— : 500
BrRm-MP1 -

BrRm-MP2 -

BrRm-MP4 555

BrRm-MP5 -

Rs-MP1 -

Ip-MP1

Ip-MP2 -

Ip-MP3 -

Fig. 1 continued

Sequence analysis

The new MP encoding sequences were submitted to GenBank, three from I. persulcatus
(Ip-MP1, KF874600; Ip-MP2, KF874601; Ip-MP3, KF874602) and R. sanguineus (Rs-
MP1, KF874603; Rs-MP2, KF874604; Rs-MP5, KF874605) and four from R. microplus
(BrRm-MP1, KF874606; BrRm-MP2, KF874607; BrRm-MP4, KF874608; BrRm-MPS5,
KF874609). All BrRm-MPs sequences differed from MPs sequences deposited in Gen-
Bank, for the same genes. R. microplus (Porto Alegre strain) BrRm-MP1, BrRm-MP2,
BrRm-MP4 and BrRm-MPS5 differed by 6, 2, 7 and 5 %, respectively, from corresponding
R. microplus sequences present in GenBank, showing the variation between different R.
microplus populations. Between R. microplus and R. sanguineus, BrRm-MP1 and Rs-MP1
are 76 % identical. On the other hand, BrRm-MP2 and BrRm-MP5 are 100 % identical to
Rs-MP2 and Rs-MPS5, respectively. Similarly, 1. persulcatus share identities with I. ricinus
and I. scapularis that ranged from 88 to 97 % (Table 2).

All MP identified sequences possess start codon and stop codon regions (Fig. 1) and
highly antigenic internal regions (Fig. 3). Using various methods, as described in Materials
and methods, we found that each algorithm made a different prediction. The Hofmann and
Stoffel (1993) algorithms revealed that only BrRm-MP4 possesses a trans-membrane
spanning segment. Contrarily, another method (Hirokawa et al. 1998; Mitaku and Hirokawa
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#P PP | ZnRep |  Cerich
BrRm-MP1
116 182 383 478
sp PP O ZoRep | Cerich | BrRm-MP2
25 181 404 493
sp PP L 2nRep | Crich | BrRmMP4
|
1 18 170 390 555
SP PP L. ZnRep | Curich | BrRm-MP5
21 182 407 506
FP PP Zn-Rep C-rich Rs-MP1
116 183 388 395
sP PP | ZnRep | Crich | AR
19 149 252 337
sp PP L ZnRep |  Crc | Ip-MP2
19 176 403 488
sp PP ... 2zwRep | Crich | B
20 180 405 500

Fig. 2 Schematic presentation of domain structure of MPs. SP: signal peptide at N- terminal site; PP: pro-
peptide; Rep: reprolysin domain with zinc-binding motif and Met-turn; C-rich: Cysteine rich domain at the
C-terminal tail

1999; Mitaku et al. 2002) predicted that only BrRm-MP5 possess a trans-membrane seg-
ment. According to a third algorithm (Tusnady and Simon 2001), no MPs showed any trans-
membrane segment. N-glycosylation site predictions suggest that all MPs possess putative
N-glycosylation sites, except Ip-MP1. The deduced amino acid sequences of each MP was
subjected to BLASTP as probe to scan for other similar sequences present in the NCBI
GenBank, tick databases Bmi Gene Index (BmiGI) available at DFCI. Sequences obtained
after BLAST indicate that each MP amino acid sequence hits a number of similar sequences
from various organisms including: R. microplus, R. pulchellus, R. haemaphysaloides, I.
ricinus, I. scapularis, I. pacificus, Amblyomma maculatum, A. variegatum and H. longicornis
(Table 2). Some of these sequences were previously described as tick MPs (Harnnoi et al.
2007; Decrem et al. 2008a, b; Imamura et al. 2009; Barnard et al. 2012). As supposed, Rs-
MPs were found to be identical with BrRm-MPs, while Ip-MPs show close identity with 1.
ricinus and 1. scapularis (Table 2).

Rhipicephalus microplus and R. sanguineus MPs

RT-PCR based on the use of forward and reversed primers designed for R. microplus
MPs led to the amplification of genes coding for three novel MPs in R. sanguineus (Rs-
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BrRm-MP1
1.7

BrRm-MP2

BrRm-MP4
BrRm-MP5
Rs-MP1

Ip-MP1

Ip-MP2

r~—rrrrrrrrrrr 11T 1T

100 200 300 400 500 550

Fig. 3 Schematic representation of average deduced antigenicity of MPs. Antigenic index plots were
predicted using the Jameson—-Wolf algorithm and the Lasergene software. The X axis represents the amino
acid number and positive values on the Y axis (numbered only for BrBRm-MP1) denote deduced antigenicity

MP1, Rs-MP2 and Rs-MP5). Rhipicephalus microplus (Porto Alegre strain) amplified
MPs were called BrRm-MP1, BrRm-MP2, BrRm-MP3, BrRm-MP4, and BrRm-MP5.
Sequence analysis showed that all BrRm-MPs and Rs-MPs contain a signal peptide
sequence of 16, 16, 25 and 21 amino acids for Rs-MP1, BrRm-MP1, BrRm-MP2, BrRm-
MP5, respectively (Fig. 4). Also, Rs-MP1, BrRm-MP1, BrRm-MP2, BrRm-MP4 and
BrRm-MP5 were found to have theoretical MW of 45 kDa (395 aa) 55 kDa (478 aa),
55 kDa (493 aa), 62 kDa (555 aa) and 58 kDa (506 aa) with a calculated isoelectric point
of 6.93, 9.12, 6.87, 6.43 and 5.96, respectively. Analyses showed that all sequences have
putative N-glycosylation sites. Moreover, a pro-peptide and a reprolysin signature (zinc
binding motif, a Met-turn and a cysteine rich motif) was observed in all MPs. Unfor-
tunately, we were unable to obtain full ORFs for BrRm-MP3 and Rs-MP3 sequences for
comparison with other MPs (Fig. 5).
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a PG PO PS PF FG FO FS FF M

m
-

BrRm-MP1

BrRm-MP2

BrRm-MP3

BrRm-MP4

BrRm-MP5

Actin

b PGPO PS PF FG FO FS FF M E

-

Rs -MP1

Rs -MP2

Rs -MP3

Rs -MP5

Actin

(o Larva Nymph Adult Adult

U T U T SG MGC U d1 d4 T

Ip-MP1

Ip-MP2

Ip-MP3

Actin

Fig. 4 Transcriptional distribution and mRNA abundance of MPs in various tissues of partially and fully
fed Rhipicephalus ticks (a, b), eggs (E), 5-day-old larvae (L) and whole male organism (M). Total RNA of
salivary glands (s), midguts (g), ovaries (o) fat bodies (f) of both partially (capital alphabet P) and fully fed
ticks (capital alphabet F) were isolated after dissecting ticks and subjected to RT-PCR as described in
materials and methods. Transcriptional profile of Ixodes persulcatus MPs (¢) was analyzed in salivary glands
(SG), midguts (MG) cytoskeletons (C), unfed (U), and engorged (T) larvae, nymphs and whole adult
females [dayl (d1), day4 (d4)]. The actin gene was used as a positive marker
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Ixodes persulcatus MPs

RT-PCR based on the use of forward and revered primers designed for I. scapularis and L.
ricinus MPs led to the amplification of genes coding for three novel MPs in I. persulcatus.
All three full length MPs encoding ORFs were cloned and named Ip-MP1, Ip-MP2 Ip-
MP3. The calculated MW was 38 kDa (337 aa), 55 kDa (488 aa) and 56 kDa (500 aa) for
Ip-MP1, Ip-MP2 Ip-MP3, respectively. Theoretical pls are 5.80, 6.76 and 6.54 for Ip-MP1,
Ip-MP2 and Ip-MP3, respectively. Except for Ip-MP1, all MPs were found to possess
putative N-glycosylation sites. Like BrRm-MPs and Rs-MPs, Ip-MPs have a signal pep-
tide, a pro-peptide and the reprolysin signature (zinc binding motif) (Figs. 1, 2).

Temporospatial and gender specific distribution of MPs

In order to understand the preliminary role of these MPs in tick physiology, transcriptional
profile analysis of Rm-MPs and Rs-MPs was carried out throughout life stages (eggs,
larvae, partially fed and fully fed female), several tissues (midgut, ovary, salivary gland
and fat body) of fully and partially fed female and male whole body (Fig. 4a, b). Con-
cerning I. persulcatus, we analyzed the transcriptional profile in midguts, salivary glands
and cytoskeletons of unfed and engorged nymphs, larvae and adult females (Fig. 4c).
Semi-quantitative RT-PCR showed that all putative MPs are transcribed in salivary glands
in all life stages (except BrRm-MP3 and Rs-MP3, which are transcribed only in partially
engorged ticks). In larvae, only BrRm-MP1, BrRm-MP4, Rs-MP1, Ip-MP1 and Ip-MP3 are
transcribed. Differently to other MPs, BrRm-MP4 is transcribed exclusively in males and
midguts of females in the late feeding stage.

Phylogenetic analysis

A phylogenetic tree was constructed to analyze the evolutionary relationship between tick
MPs (Fig. 6). Homology analyses were performed taking the predicted amino acid
sequences into account, revealed that MPs cluster in clades belonging to genus Rhipi-
cephalus and Ixodes. Each BrRm-MP was grouped with homologous MPs that belong to
same genus with high boostrap values. On the other hand, Ip-MPs branched as an isolated
clade, showing the difference between Ixodes and Rhipicephalus ticks.

Discussion

In order to better understand the role of MPs in tick physiology, we investigated the
diversity of MPs in three tick species. Indeed, novel salivary MPs were found, three in R.
sanguineus and I. persulcatus each. Additionally, we demonstrate the polymorphism in
MPs from geographically distinct R. microplus strains. Also R. microplus, R. sanguineus
and I. persulcatus MPs distribution in tick tissues and developmental stages were char-
acterized. In . scapularis, the proteolytic activity of salivary MPs on fibrinogen and fibrin
suggests that they participate in the mechanisms to maintain blood unclotted and can be
related to the hemorrhagic activity of snake venom MPs (Francischetti et al. 2003). In the
same way, the inhibition of the expression of MPs by RNAIi in I. ricinus affects the ability
of tick saliva to interfere with host fibrinolysis (Decrem et al. 2008a). Also, tick salivary
MPs have been postulated to affect Borrelia spp. transmission by I. scapularis (Francis-
chetti et al. 2003).
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Family Zinc binding site Space Met-turn

Reprolsin/ADAM/

Adamalysin

Ip-MP3 HEIAHLLGCAH [D | 24 MSY

I ricinus HETAHLLGCAH |D 24 MSY

Astacin

R microplus HELLHAVGFYH |E 44 MLY

I scapularis HELLHAVGFYH |E 44 MLY

Matrix MPs/ Matrixin

I scapularis HEFGHSLGLSH (S 6 MYP

I scapularis HEFGHSLGLSH |[S 6 MAP

Papplysin

I scapularis HEMGHVLGLWH |V 33 MNH

Loa loa HEIGHILGLWH |V 19 MVT

Eucolycin

Aedes aegypti HEIGHTLGLDH (T 6 MFP

Daphnia pulex HEFGHSLGLGH |T 7 MYP

Serralysin

Morganella morganii HEIGHTLGLNH (P 26 MSY

Pseudomonas fluorescens HEIGHSIGLEH (P 24 MSY
A A A~ L

Fig. 5 Alignment of zinc finger regions of metzincin subfamilies in several organisms. Preference was
given to ticks and related haematophagous organisms. Blast analyses were carried out according to Joh et al.
(2004) and Boldt et al. (2001). The sequences of well-established subfamilies of metzincins were aligned
showing the zinc-binding and Met-turn regions. Histidines of the conserved zinc-binding region and
glutamic acids are underlined by a tree. Amino acids in box are highly conserved within metzincin sub
families. The number shows amino acid gap between Met-turn and zinc binding region

100 Ip-MP1

40 Ip-MP3

Rs-MP1
—100: BrRM-MP1
BrRM-MP4
pres BrRM-MP2

100 L———— BrRM-MP5

Fig. 6 Phylogenic tree representation of MP sequences generated by the program MEGA 5.10. The tree
was deduced by neighbor joining method based on the alignment of the amino-acid sequences of source
homologous MPs from three tick species. Bootstrap values are shown in the branches. Numbers close to the
nodes show the support value for each branch. The identities of MPs description are shown in the tree
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Tick salivary proteins undergo abrupt changes in response to attachment and to the
initiation of blood meal ingestion (Tikki et al. 1999; Mulenga et al. 2007). Some peptidases
are up-regulated to perform the physiological and biochemical functions required for
maintenance of tick life (Franta et al. 2010). Assuming that the transcript of a gene in a
tissue represents the presence of the corresponding protein, MPs are among those that are
up-regulated during early and late phase of tick blood feeding (Adamson et al. 2013). Our
results confirm that MPs are transcribed in tick salivary glands throughout blood feeding
stages, suggesting that they participate in blood meal. In case of R. sanguineus, since MP
transcripts were found also in midguts, they may contribute to maintain the ingested blood
meal in fluid pool in midgut lumen for further digestion, apart from playing an antimi-
crobial role (Mazzi et al. 2004). The transcriptional profile of BrRm-MP1, BrRm-MP4, Rs-
MP1, Ip-MP1 and Ip-MP3 suggests that they have a role in early developmental stages of
tick life, since transcripts were observed also in larvae.

Although differences were observed in R. microplus and R. sanguineus (BrRm-MP1 and
Rs-MP1), two MPs are 100 % identical (BrRm-MP2 and Rs-MP2; BrRm-MP5 and Rs-
MP5). Indeed, sequence identity between R. microplus and R. sanguineus is not rarely
observed, since 100 % sequence identities have been found before in ixodid ticks (Ibelli
et al. 2013).

We observed differences between BrRm-MPs amino acid sequences and the same R.
microplus MPs from other geographic regions. Variation in amino acid sequences of the
same protein among R. microplus from different geographic regions is an important issue,
because it can alter vaccine efficacy (Garcia-Garcia et al. 2000). Indeed, a variation greater
than 2.8 % in amino acid sequence would be sufficient to modify immunoprotection
efficiency (Garcia-Garcia et al. 1999). A variation between 1.14 and 4.56 % was detected
in Bm95 amino acid sequence, and a variation ranging from 3.4 to 6.08 % was observed in
the amino acid sequence of Bm86. This polymorphism may be responsible for the variable
efficiencies of recombinant vaccines derived from the Bm86 and Bm95 proteins in dif-
ferent R. microplus strains (Sossai et al. 2005). Differences observed in MP sequences are
comparatively similar to those observed in tick cystatins (Parizi et al. 2013) and Bm86
(Sossai et al. 2005) from different geographic areas.

Several peptidases have been shown to participate in ovary development, oogenesis and
ovulation. It is well known that MPs that belong to the metzincin clan convert inactive
forms of epidermal growth factors produced by human and rodent granulosa cells into
biologically active ones (Dong et al. 1999; Liu et al. 1999; Ohnishi et al. 2001; Hinkle et al.
2004; Ben-Ami et al. 2006). Some enzymes of the metzincin clan have strong collage-
nolytic activity. Therefore, they may also be involved in follicular wall rupture upon
hormonal stimulation (Curry and Osteen 2003). BrRm-MPs (except BrRm-MP3) and Rs-
MPs transcriptions in ovary strengthen the hypothesis of tick MPs role in reproduction,
which includes (a) early activity in ovary development (b) ovulation (c) oogenesis and
other parallel functions ticks require for ovary maintenance during the mating period.

Expression of metzincin MPs (matrix MP2) in fat body during all drosophila life stages
have been shown to play a key role in remodeling fat cells during metamorphosis (Bond
2010). It is well known that, besides its role as an essential nutrient reservoir for insect
metabolism, storing lipids to supply energy throughout development (Locke 1984), the fat
body synthesizes several other molecules crucial for tick life. For example, vitellogenin is
synthesized and processed in the fat body, released into the hemolymph and incorporated
into eggs as the yolk protein, vitellin (Roselldavis and Coons 1989; Umemiya-Shirafuji
et al. 2012). MPs transcription in tick fat body suggests that they may play a role in protein
processing.
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Despite some contradictory results for BrRm-MP4 and BrRm-MP5 obtained using the
various algorithms, our results indicate that MPs do not possess a trans-membrane region.
This conclusion is compatible with the idea that H. longicornis MP is mainly found in the
cytoplasm of acini III of salivary glands (Harnnoi et al. 2007). It has been shown that acini
IIT are the main production site of salivary bioactive molecules (Ribeiro and Francischetti
2003). Our results are also compatible with studies that showed that N-glycosylation is
essential for MPs processing, resistance to proteolysis, and that it is required for full-
enzymatic activity (Escrevente et al. 2008).

In conclusion, we identified MPs in three important tick species and characterized their
transcriptional profile in different tissues and developmental stages, which suggests that
they have distinct biological functions. These salivary gland MP transcriptional profiles are
similar to those of other tick MPs (Harnnoi et al. 2007; Decrem et al. 2008a; Imamura et al.
2009; Barnard et al. 2012). MP transcription in salivary gland is an indication that these
enzymes play a role in tick blood meal. These proteins participate in a wide range of
biological processes, and their further characterization may open new target antigens for
anti-tick vaccine.
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Abstract

Ticks have serious impacts on animal and human health, causing significant
economic losses. Besides damages due the hematophagous behavior, they also transmit
several pathogens. Low cost and environmental safety have made vaccines a promising
alternative control method against tick infestation. Metalloproteases (MPs) have been
shown to be essential for diverse biological functions in hematophagous organisms,
inhibiting blood clotting, degrading extracellular matrix proteins, and inhibiting host tissue
repair via anti-angiogenic activity. In this work we analyzed the immunoprotective
potential of a recombinant MP against Rhipicephalus (Boophilus) microplus infestation.
First, a cDNA encoding R. microplus amino acids sequence with highly conserved regions
of the metzincin (reprolysin) group of MP was identified (BrRm-MP4). After expression
and purification, recombinant BrRm-MP4 was used as a vaccinal antigen against R.
microplus infestation in cattle (Bos taurus taurus). All vaccinated bovines developed
immune response to the antigen, resulting in increased antibody level throughout the
immunization protocol. Immunization with rBrRm-MP4 reduced tick feeding success,
decreasing the number of engorged females and their reproduction potential, representing
a 60% overall protection. Also, Western blot analysis using anti-BrRm-MP4 sera
demonstrated the presence of BrRm-MP4 in R. microplus salivary glands, larva and ovary
tissues. These results show that rBrRm-MP4 provides protection against tick infestation,

placing it is a potential candidate for an anti-tick vaccine.
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Introduction

The cattle tick Rhipicephalus (Boophilus) microplus affects cattle directly, by
blood exploitation, and indirectly, as a vector of several pathogens. In veterinary medicine,
R. microplus is one of the most important ectoparasites worldwide, causing considerable
economic losses (Rechav, 1992; Grisi et al., 2013). Acaricides are the main components of
integrated tick control strategies, in spite of the drawbacks associated with the use of these
chemicals, like the selection of acaricide-resistant tick populations and risks of
contamination by drug residues in dairy and meat products (Graf et al., 2004; de la Fuente
and Kocan, 2006; Bissinger and Roe, 2010; Hajdusek et al., 2010). In this scenario, anti-
tick vaccines have emerged as an alternative tool to control tick infestation (Rodriguez-
Mallon et al., 2012; de la Fuente et al., 1999; de la Fuente et al., 2007). The potential
advantages of a vaccine-based control strategy are several, such as cost-effectiveness,
avoidance of environmental contamination, prevention of drug-resistance, possibility to
prevent pathogen transmission, and potential applicability in a wide variety of hosts (de la
Fuente et al., 1999; Graf et al., 2004; de la Fuente et al., 2007; Rodriguez-Mallon et al.,

2012).

In the development of an anti-tick vaccine, the first step is the identification of
efficacious antigens (Willadsen, 2004). With that in mind, various approaches have been
developed to obtain an effective vaccine against R. microplus. The first attempts were
made around 60 years ago, with the use of complex tick extracts (Willadsen, 2006;
Sonenshine et al., 2006). Thirty years later, the glycoprotein Bm86, a tick gut epithelial
cell protein (Rand et al., 1989; Muhammad et al., 2008), became the first tick antigen used
in a commercial vaccine (Willadsen, 2004; de la Fuente et al., 2007). Since this antigen

does not confer enough protection against several R. microplus populations (Garcia-Garcia
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et al., 2000; Cunha et al., 2012), the search for new recombinant proteins for an anti-tick
vaccine took a strong impetus (Willadsen, 2004; Guerrero et al., 2012). Potential candidate
antigens in the composition of a vaccine against R. microplus include proteins with a role
in several physiological process regulations (Willadsen et al., 1996; Parizi et al., 2012a; de
la Fuente and Merino, 2013). Our research group is also investigating the vaccine potential
of a number of tick proteins involved in different physiological roles, like cell
detoxification and egg development (Leal et al., 2006; Seixas et al., 2008; Parizi et al.,
2011; Parizi et al., 2012b). Although several antigens have been tested for their anti-tick
efficacy (de la Fuente et al., 1999; Guerrero et al., 2012), only a few have yielded
promising results (Patarroyo et al., 2002; Hajdusek et al., 2010; Almazan et al., 2010; de la

Fuente and Merino, 2013).

Metalloproteases (MPs) are multifunctional proteins that participate in diverse
biological functions in several organisms, regulating complex physiologic and pathologic
processes (Kessenbrock et al., 2010). A considerable number of studies have been
specifically conducted to identify and characterize metzincin MPs. Metzincin MPs
members have been found to participate in tissue development, maintenance, remodeling,
and in unspecific protein degradation of intake proteins (Gomis-Ruth, 2009; Rivera et al.,
2010). It has been speculated that the cysteine-rich domain in MPs is a limiting factor in
the production of these proteins by prokaryotes (Ramos and Selistre-De-Araujo, 2006),
since a native-like conformation of recombinant MPs is supposed to be critical — as far as
retaining immunogenic properties is concerned. In various tick species, MPs have been
identified and are considered crucial for maintenance of blood meal related functions
(Francischetti et al., 2003; Harnnoi et al., 2007; Decrem et al., 2008a; Barnard et al.,

2012). The up-regulation of MPs transcription in salivary glands has been correlated with
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tick blood feeding (Francischetti et al., 2003; Harnnoi et al., 2007; Decrem et al., 2008a,
2008b; Barnard et al., 2012; Adamson et al., 2013). In Ixodes scapularis, MPs are secreted
in saliva, playing an essential role in fibrin and fibrinogen breakdown (Francischetti et al.,
2003). Inhibition of MPs expression in Ixodes ricinus by interference RNA (iRNA)
prevents tick blood meal completion and inhibits saliva fibrinolytic activity (Decrem et al.,
2008a, 2008b). Host vaccination with an /. ricinus recombinant MP impairs blood meal
completion, and reduces tick weight gain and oviposition rates (Decrem et al., 2008b). In
Haemaphysalis longicornis, six MPs were identified, one of which was shown to be a
potentially interesting immunoprotective antigen (Harnnoi et al., 2007; Imamura et al.,

2009).

Despite the characterization of some tick MPs (Francischetti et al., 2003; Harnnoi
et al., 2007; Decrem et al., 2008a, 2008b; Barnard et al., 2012; Adamson et al., 2013),
vaccination trials against R. microplus infestation using these proteins as antigen remains
to be evaluated. Recently, we characterized several MP putative sequences in three tick
species (Ali et al., 2014). Among them, a R. microplus MP (BrRm-MP4) was selected for
further investigation concerning its potential as a vaccinal antigen, due to its ubiquitous
transcriptional pattern among R. microplus tissues and an amino acid sequence putatively
highly antigenic, as compared to other MPs. Here, we show that vaccination of bovines
with a rBrRm-MP4 reduces R. microplus infestation and native MP is identified in tick
salivary glands, ovary and larva, underlining the prospect that this recombinant antigen is

a potential candidate in the development of a feasible vaccine.
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Material and methods
Ticks

All R. microplus ticks (Porto Alegre strain) were free form Babesia spp. and
Anaplasma spp., and sensitive to all acaricides currently marketed. The colony has been
maintained in experimentally infested Hereford calves (Bos taurus taurus) since 1976.
Calves were purchased from a naturally tick-free area (Santa Vitéria do Palmar, RS,
Brazil; 33°32'2"S, 53°20'59"W) and maintained in an isolated stall at the Universidade
Federal do Rio Grande do Sul (UFRGS) - Brazil, to avoid infestation by other ticks.
Calves were handled following the institutional guidelines approved by local ethical
committees for animal use. After repletion on the host, engorged adult female ticks were
collected and kept in Petri dishes at 28 °C and 85% relative humidity for oviposition and
egg hatching.
Tissue extraction

Partially fed and fully fed ticks were washed with cold 20 mM phosphate, 150 mM
NaCl (PBS), pH 7.4, before dissection using a scalpel blade, and any host contaminating
tissue was removed using surgical forceps. Ticks were put in a Petri dish containing cold
PBS placed under a stereomicroscope. After removal of the dorsal surface, salivary glands
and ovary were carefully separated and added to cool PBS. Larvae were macerated using a
mortar and a pestle in liquid nitrogen. These preparations were maintained at -70 °C for
further use. Proteins were extracted from tissue preparation as previously described (de
Lima et al., 2002; Parizi et al., 2011). Protein concentrations were determined according to
the Bradford method (Bradford, 1976) and sodium dodecyl sulfate polyacrylamide gel

electrophoresis (SDS—PAGE) using bovine serum albumin (BSA) as standard.
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Cloning

Total RNA was extracted from 15-day-old larvae after hatching by using TRIzol
reagent (Invitrogen) according to the manufacturer’s instructions. First-strand cDNA was
synthesized from five micrograms of total RNA submitted to reverse transcription (RT)
with SuperScript II (Invitrogen) according to the manufacturer’s instructions. PCR
amplification was performed using primers designed for a sequence from R. microplus
salivary glands metalloprotease deposited in GenBank (accession number: DQ118970).
The forward (5'-TTTTTGCTA GCATG GTCAGTGTGATCATAGTACTCGTGCTG-3")
and reverse (5’-AAAAAGGATCCTTAGTGG TGGTGGTGGTGGTGTTTTTCTTCCC
ACCTGTTGCCCG-3") primers were designed in order to introduce Nhe 1 and BamH 1
sites in the sequence for subsequent cloning into expression vector, in addition to a His-tag
DNA sequence downstream the BrRm-MP4 ORF. A 1,665-bp amplicon was generated in
a 35-cycle PCR reaction (94 °C for denaturation, 55 °C for annealing and 68 °C for
extension) using Elongase (Invitrogen). The PCR fragment obtained was separated by
electrophoresis on 0.8% agarose gel and purified using the GeneClean II Kit (Qbiogene).
The amplicon was cloned in a pGEM-T vector (Promega), transformed into Escherichia
coli Top 10 strain and plated on Luria-Bertani (LB) agar plates containing ampicillin (50
png/mL ampicillin). Correctness of plasmid construction was confirmed by PCR,
hydrolysis with restriction enzymes and DNA sequencing. The pGEM-T/BrRm-MP4 was
digested with Nhe 1 and BamH 1 restriction enzymes, and the resulting fragment was
ligated into the expression vector pET-5a. The plasmid pET-5a/BrRm-MP4 was purified
and cloned product correctness was confirmed by PCR, digestion with restriction enzymes

and DNA sequencing.
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BrRm-MP4 Expression

Escherichia coli (RIL) cells were transformed with pET-5a/BrRm-MP4 and plated
on to LB agar plates containing 100 pg/mL ampicillin. A single colony containing the
plasmid was used to inoculate 25 mL LB broth (100 pug/mL ampicillin) and grown
overnight at 37 °C. After removal of medium by centrifugation at 5,000 g for 5 min, the
pellets were re-suspended in 500 mL of fresh LB broth and incubated at 37 °C until ODgg
reached 0.4. Expression was induced with isopropyl p-D-1-thiogalactopyranoside (IPTG)

at 1 mM final concentration and bacteria were collected after 4 h of bacterial growth.
Purification of recombinant BrRm-MP4

Induced cells from a 500 mL culture were harvested by centrifuging at 10,000 g for
10 min at 4 °C. The pellet was re-suspended in 20 mL of PBS, pH 7.4, containing 1
mg/mL lysozyme (Invitrogen) and incubated for 1 h at 33 °C. Cells were harvested from
the culture by centrifugation and subjected to three freeze/thaw cycles. Cell debris were
removed by centrifugation (12,000 g for 20 min), and the supernatant was collected. The
pellet was washed with equilibrium buffer (PBS, 30 mM imidazole, 500 mM NaCl, pH
7.4), centrifuged at 10,000 g for 10 min and the supernatant containing rBrRm-MP4 was
collected. This process was repeated twice for complete extraction of the recombinant
protein. The supernatant was filtered through a 0.45-um porosity filter (Millipore) and
applied onto a 1 mL HisTrap Ni'? affinity column (GE Healthcare), previously washed
with distilled water and equilibrated with equilibrium buffer. After sample application,
unspecific bound proteins were removed washing the column with 15 mL of equilibrium
buffer. The recombinant protein was eluted using two phosphate (20 mM) buffers

containing imidazole (100 mM or 500 mM), 0.5 M NaCl, pH 7.4. The eluted samples were
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dialyzed against PBS, pH 7.4 and protein concentrations were determined according to the

Bradford method (Bradford, 1976).

To confirm protein homogeneity, purification steps were monitored by 12 % SDS-
PAGE and Western blot by using a polyvinylidene difluoride (PVDF) membrane. The
membrane was blocked with skim milk in PBS and subsequently incubated with anti-His
tag IgG conjugated with alkaline phosphatase (Sigma-Aldrich). The membrane was
washed with PBS and incubated with nitroblue tetrazolium (NBT, Fermentas) and 5-

bromo, 4-chloro, 3-indolylphosphate (BCIP, Fermentas) to visualize the reaction.

Vaccination trial

Seven calves (18 months old) were randomly divided into two groups of three
(control) and four (immunized) animals. The treated group was vaccinated with doses
composed of 1 mL of oil adjuvant (Montanide 888 - Seppic and Marcol 52- Exxon Mobil
Corporation) plus 1 mL of PBS containing 100 pg of purified rBrRm-MP4 in the first and
in the second doses, and 200 pg in the third and in the fourth doses. The control group was
injected four times with 1 mL of PBS emulsified with 1 mL of the same adjuvant. Calves
were vaccinated subcutaneously at 15-day intervals. Ten days after the fourth injection, 1
g R. microplus eggs (approximately 20,000 tick larvae) were placed on the dorsal region
of each calf. From day 20 after infestation until the end of adult feeding period, all tick
females that had dropped from the host were collected, counted and weighed. Engorged
adult female ticks were kept in Petri dishes at 28 °C and 85% relative humidity to
oviposition and further egg hatching. Protection was estimated comparing the number of
fully engorged ticks, egg laying capacity and egg fertility in vaccinated and non-

vaccinated calves (Vaz et al., 1998).
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Serological analysis

Blood samples were collected from the jugular vein of pre-immunized and post-
immunized cattle on the immunizations or tick challenge days. Blood was also collected at
the end of tick infestation period. The sera were separated from blood after clot formation
by centrifugation at 5,000 g for 10 min at 4 °C and stored at -20 °C for further analysis.
The sera obtained from both immunized and control animals were analyzed by Western
blot to determine the presence of anti-rBrRm-MP4 antibodies. Purified rBrRm-MP4 was
subjected to 12% SDS-PAGE and transferred to a (PVDF) membrane and then blocked
with skim milk for 1 h. After blocking with milk blot, membranes were incubated
overnight with different concentrations of calf serum pre-incubated with E. coli lysate
(Ferreira et al., 2002). The membrane was washed three times with milk blot and then
incubated with peroxidase-conjugated anti-bovine IgG (Sigma-Aldrich) as secondary
antibody for 1 h in a 1:5,000 skim milk dilution. After incubation with the secondary
antibody, membranes were washed three times with PBS and incubated with 30 mL PBS
containing 15 mg 3-3’ diaminobenzidine (DAB) (Sigma-Aldrich), 60 nL of 30% H,0, and

900 puL of 1% cobalt chloride (Sigma-Aldrich) to visualize positive signals.

RmBr-MP4 in tick tissues

Sera of rRmBr-MP4 immunized calves (1:50) were used to detect the presence of
native RmBr-MP4 in partially and fully fed R. microplus salivary glands, ovary and larva
(5 days old) by Western blot. Tissue preparations were submitted to 12 % SDS-PAGE and
transferred to a PVDF membrane. After blocking with skim milk, the membrane was
subsequently incubated with anti-rRmBr-MP4 sera as primary antibodies. The membrane

was washed with skim milk and incubated with alkaline phosphatase-conjugated anti-
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bovine IgG (1:2,000) at 4 °C overnight. To visualize the results, NBT and BCIP were used

as mentioned above.

Statistical Analysis

Vaccine efficacy was estimated based on the difference in number and weight of
fully engorged ticks, egg laying capacity and egg fertility between vaccinated and non-
vaccinated calves. The overall protections were calculated as previously described
(Willadsen et al., 1996) by the interrelationship of these parameters using the equation:
100 x [1 - (NFE x WE x WL)], where NFE, WE and WL are the number of fully
engorged females, egg laying capacity and egg fertility from vaccinated cattle/control

cattle, respectively. Significant differences were determined using the t-test.

Results

Expression and purification of rBrRm-MP4

rBrRm-MP4 expressed in E. coli was mostly produced as inclusion bodies and
recovered in the insoluble fraction of cell lysate. After solubilization and affinity
chromatography steps, rBrRm-MP4 was obtained as a homogeneous protein (Fig. 1) with
a final yield of 500 pg/L of growth medium. The apparent size of the recombinant protein

is in accordance with its in silico predicted molecular mass of 62 kDa (Fig. 1).

11



251

252

253

254

255

256

257

258

259

260

261

262

| 2 MM kDa
170
130

100

70

55

40

Fig.1. SDS-PAGE and Western blot analysis: (1) 12% SDS-PAGE of 5 pug of rBrRm-MP4
purified after Ni*" affinity column chromatography. (2) Western blot of 5 pg of rBrRm-
MP4 probed by using anti-His tag antibodies. Molecular mass marker (MM). Molecular

mass standards are expressed as kDa.

Immunogenicity analysis

Immunogenic analysis of rBrRm-MP4 was performed using bovine sera from
vaccinated and control groups (Fig. 2). Western blot analysis did not detect antibodies
against rBrRm-MP4 in pre-immune sera and sera of control calves. In the immunized
group, an increase in rBrRm-MP4 antibody level was observed after the second
inoculation, and both third and fourth boosters resulted in a further rise in anti-rBrRm-

MP4 antibodies. High antibody level against rBrRm-MP4 was observed in all immunized

12
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animals after the fourth immunization, and remained high until the end of tick infestation

(Fig. 2).

Bavine | Bevine 2 Bavine 3 Bovize 4 Bavipe § Bovime § Bavine 7

Fig.2. Western blot analysis of rBrRm-MP4 probed with immunized bovine sera. Sera
from control group (calves 1-3) and rBrRm-MP4 vaccinated group (calves 4-7). Lane 1,

pre-immune sera; lane 2, pre-infestation sera; lane 3, post-infestation sera.

Western blot analyses revealed that native RmBr-MP4 was recognized in larva,
ovary and salivary glands using immunized calf sera (Fig. 3). This suggests that the
antibodies induced by rRmBr-MP4 immunization recognize native R. microplus MP in

different tick tissues.
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Fig.3. Western blot analysis of RmBr-MP4 in R. microplus salivary glands, ovary and
larva extracts detected with a pool of anti-rRmBr-MP4 sera from the vaccinated group.
Lane 1, rBrRm-MP4; lane 2, fully fed tick salivary gland; lane 3, partially fed tick salivary
gland; lane 4, fully fed tick ovary; lane 5, partially fed tick ovary; lane 6, larva; kDa,

Molecular mass standards.
Vaccine efficacy

The number of engorged female ticks, egg laying capacity and egg fertility were
used to estimate vaccination effectiveness. The results of these biological parameters for
tick infestation on control and vaccinated bovines are shown in Table 1. Vaccination with
rBrRm-MP4 significantly decreased tick number and egg hatching by 42.9% and 14.8%,
respectively. Egg laying capacity was affected approximately by 17.5%, with an overall

afforded protection of 60% against tick infestation.
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287 Table 1

288  Biological parameter of detached R. microplus from rBrRm-MP4 vaccinated and control
289  cattle groups.

Fully engorged * Index
Eggs laying

Groups Animals Number Weight (g) capacity b Eggs fertility ©
rBrRm-MP4 1 1069 309 0.420 0.280

2 1801 537 0.323 0.274

3 908 267 0.439 0.324

4 2409 650 0.346 0.294
Total 6187 1762 1.53 1.172
Mean 1547 441 0.38 0.293
SD 694 183 0.06 0.022
Control 5 3061 811 0.396 0.355

6 2099 589 0.497 0.325

7 2965 858 0.453 0.386
Total 8125 2258 1.35 1.066
Mean 2708 753 0.45 0.355
SD 530 144 0.05 0.031
Difference ¢ 42.89* 41.46* 14.80 17.53*

290  “Female ticks detached during infestation period.

291 " The eggs weight laid by sample of fully engorged tick during infestation period was used
292 to calculate the proportion of the weight of ticks that was converted into eggs.

293  © Eggs fertility (Laid eggs converted into larvae).

294 9 Difference (%) = 100 x (1 - mean value of vaccinated group / control group).
295  * Statistically significant (p<0.05).
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Discussion

The cattle tick R. microplus is an obligate hematophagous ectoparasite, and it is a
major impediment for cattle production in many several countries. Worldwide tick control
relies primarily on the use of chemical acaricides, although several studies have been
dedicated to investigate the potential of vaccines as an alternative approach (Willadsen,
2004; Guerrero et al., 2012; de la Fuente and Merino, 2013). There is ample evidence
showing that vaccination with defined proteic antigens is able to induce significant
immunity against tick infestation (Willadsen, 2004). Development of tick resistance
against vaccine antigens is less probable than resistance against chemical acaricides,
because numerous different antibodies are usually generated against multiple antigen
epitopes (Hajdusek et al., 2010). The demonstration that recombinant forms of the protein
BmS86 confer protection against R. microplus infestations was a major achievement in
parasite vaccinology, proving that a vaccine to protect against an ectoparasite is indeed a
realistic possibility (Rand et al., 1989; Rodriguez et al., 1994; Rodriguez et al., 1995).
Indeed, a Bm86-based tick vaccine was the first ectoparasite vaccine available in the
market (Rodriguez et al., 1994) (Rodriguez et al., 1994). However, trials conducted in
Brazil showed that vaccines based on this antigen alone were unable to control R.
microplus (Cunha et al., 2012). Notably, a vaccine produced with Bm95, a Bm&86-
homologous protein, offered protection against the Argentinian R. microplus strain A,
which is insensitive to Bm86-based vaccines (Garcia-Garcia et al., 2000). Limitations
associated with the Bm86 vaccines also included limited efficacy against non-
Rhipicephalus tick species, reinforcing the need to pursue new vaccines (de la Fuente and

Merino, 2013).
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Prolonged tick attachment and subsequent blood feeding on vertebrates host relies
on many bioactive molecules secreted by salivary glands. This cocktail of
pharmacologically active molecules also facilitates pathogen transmission, which lends
support to their use as potential candidates for anti-tick vaccines that could limit tick
infestations and interfere with tick-borne pathogen transmission (Merino et al., 2013). For
this reason, tick saliva components have attracted attention, posing as prospective antigen
vaccine candidates. Salivary MPs have been shown to participate in fibrin and fibrinogen
degradation, contributing to saliva anti-blood clotting activity (Francischetti et al., 2003).
Also, it was proposed that 1. scapularis salivary MPs inhibits microvascular endothelial
cell proliferation and degrades both o and [ subunits of integrins a5p1 and alfl
(Francischetti et al., 2005; Kazimirova and Stibraniova, 2013). Previous studies using H.
longicornis MP as antigen demonstrated that nymph and adult tick mortality increases
(Imamura et al., 2009). In I. ricinus, inhibition of MPs expression by iRNA prevents
completion of tick blood meal and impairs tick saliva fibrinolytic and fibrinogenolytic
activities (Decrem et al., 2008a, 2008b). Furthermore, vaccination of hosts with a
recombinant MP reduces /. ricinus blood meal, weight gain and oviposition rates (Decrem
et al., 2008b). Other studies also support the idea that MPs could be useful as an antigen in
an anti-tick vaccine (Decrem et al., 2008b; Imamura et al., 2009). Recently we identified
putative reprolysin MPs in three tick species (Ali et al., 2014). Among these, a R.
microplus MP (BrRm-MP4) was selected for further studies because of its transcriptional
profile in tick tissues, and in silico prediction of immunogenic epitopes suggested that it
could be protective against tick infestation. Indeed, immunization of bovines using
rBrRm-MP4 reduced tick number, oviposition and egg hatching, providing an overall

protection of 60%, and confirming it as an immunoprotective antigen. Until now, only a
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few antigens have produced this degree of protection against R. microplus infestation
(Patarroyo et al., 2002; Willadsen, 2004; Hajdusek et al., 2010; Almazan et al., 2010; de la

Fuente and Merino, 2013; Merino et al., 2013).

BrRm-MP4 is present in several R. microplus tissues of partially and fully fed ticks
(Fig. 3). Besides, BrRm-MP4, additional proteins of both higher and lower molecular
weight was detected in Western blot. This is not surprising, given that sera could
recognize common epitopes present in several metalloproteases. Indeed, a similar
recognition pattern was found in /. ricinus MPs, where anti-MPs antibodies raised in mice
immunized with particular MPs also recognize other MPs (Decrem et al., 2008b).
Furthermore, several bands in a tissue extract Western blot indicate that in addition to the
monomeric form, native BrRm-MP4 may form oligomers (Kato et., 1990; Cominetti et al.,
2003). Similar cases have been also observed in other disulfide-rich proteins (PerezVilar et

al., 1996; Gong et al., 2007).

Conclusion

In conclusion, rBrRm-MP4 has potential as an antigen in an anti-tick vaccine.
rBrRm-MP4 vaccine efficacy may be improved by multi-antigenic formulations as well as
chimeric constructs using selected regions from BrRm-MP4, together with other proteins

that confer some degree of immunity against ticks.
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5. Discussao

MPs possuem um papel importante na hematofagia de varios organismos
hemato6fagos. Varios estudos tém se focado na determinagdo da sequéncia de aminoacidos
de MPs. No entanto, o papel exato e as fungdes especificas de MPs na fisiologia dos
carrapatos sao ainda desconhecidos. Um dos fatores impeditivos para o avango no estudo
dessas funcdes ¢ a falta de proteinas recombinantes, j4 que as quantidades de saliva e
glandula salivar que se pode obter para usar nos estudos sdo insuficientes e ndo permitem
estudos exaustivos usando abordagens baseadas no fracionamento de extratos e testes das
fracdes. A produ¢do de MPs do grupo das metzincinas na forma recombinante tem
encontrado dificuldades devido ao grande nimero de residuos de cisteina (RAMOS &
SELISTRE-DE-ARAUJO, 2006). Assim, a informacdo sobre a obtencdo dessas enzimas
na forma recombinante ainda é escassa. Embora alguns estudos mostrem a expressio de
MPs recombinantes, incluindo metzincinas de carrapato (IMAMURA et al., 2009), este
problema ainda deve ser contornado para encontrar sistemas alternativos para expressar
proteinas desta familia fascinante e investigar seus papéis no hematofagia de carrapato.
Em relacdo as sequéncias de MPs de carrapato presentes em GeneBank, muito ainda
permanece a ser explorado. Dados de transcriptomas e genomas de alguns carrapatos nao
levam diretamente a produtos como vacinas, mas podem fornecer informagdes uteis para o

desenvolvimento de vacinas anti-carrapato.

MPs da saliva de carrapato apresentam atividade sobre vérias das proteinas
envolvidas nos mecanismos de defesa dos hospedeiros. Uma delas possui atividade
fibrinogenolitica e fibrinolitica (FRANCISCHETTI et al., 2003). Varios dados reforcam a

hipotese de que membros desta familia de proteina participam na digestao e liquefacdo da
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ingesta sanguinea de carrapato. A adaptacdo de MPs ancestrais para a alimentacdo
sanguinea parece ter sido um salto evolutivo simples com mudanga de especificidade
especialmente para hidrolise de coldgeno, fibrinogénio e proteinas relacionadas ao

fibrinogénio (MANS et al., 2008).

Identificamos MPs em trés espécies de carrapatos importantes do ponto de vista da
satde humana e animal para entender melhor o papel dessas MPs no fisiologia do
carrapato. Investigamos a diversidade de MPs nasespécies de carrapatos estudadas. De
fato, novas MPs salivares foram encontradas, trés em R. sanguineus e trés em I.
persulcatus. Além disso, demonstramos polimorfismo em MPs de populagdes de R.
microplus geograficamente distintas. Também mostramos a distribuicio de MPs em
tecidos e estagios de desenvolvimento dos carrapatos I. persulcatus, R. sanguineus ¢ R.

microplus.

Comparando MPs deR. microplus e R. sanguineus, duas MPs sdao 100 % idénticas
(BrRm-MP2 e Rs-MP2; BrRm-MP5 e Rs-MPS5). Identidade de 100% entre sequéncias de
espécies de carrapato ndo € fato raro entre os carrapatos ixodideos (IBELLI et al., 2013).
A identidade entre sequéncias de aminoacidos de MPs de I. persulcatus, I. ricinus e 1.
scapularis variou entre 88 % e 97 %. Esta alta identidade entre sequéncia e motivos
tipicos funcionais sugere que estas proteinas conservadas podem participar em uma ampla
gama de processos biologicos e sua caracterizagdo imunogénica pode revelar novos

antigenos-alvo para a uma vacina anti-carrapato.

Observamos diferencas nas seqiiéncias de aminodcidos de BrRm-MPs entre
populagdes de R. microplus de diferentes regides geograficas. Variagdes em sequéncias de

aminoacidos da mesma proteina em R. microplus de diferentes regides geograficas ¢ uma
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questdo importante porque isso pode afetar o grau de imunoprotecdo conferido pela
proteina (GARCIA-GARCIA er al., 2000). De fato uma variagdo superior a 2,8% na
sequéncia de aminoacidos pode ser suficiente para modificar a eficiéncia imunoprotetora
da proteina (GARCIA-GARCIA er al., 1999). Uma variagdo pequena (1,14-4,56%) na
sequéncia de aminoacidos da proteina Bm95 e uma variagdo entre 3,4 ¢ 6,08% na
sequéncia de aminoacidos da proteina Bm86, comparando carrapatos de diversas regides
do Brasil, Argentina, Uruguai, Venezuela e Colombia (SOSSAI et al., 2005), sdo
responsaveis pela falta de eficacia das vacinas baseadas na proteina Bm86 em
determinadas regides. As diferengas observadas nas sequéncias de MPs se assemelham ao
que ¢ observado quando se compara cistatinas ¢ Bm86 de carrapatos de diferentes areas

geograficas (SOSSAIl et al., 2005; PARIZI et al., 2013).

Apesar dos algoritmos utilizados levarem a certa discrepancia nos resultados
obtidos para BrRm-MP4 e BrRm-MP5, parece claro que as MPs ndo possuem regidao
trans-membrana. Esta conclusdo ¢ compativel com a observacdo de que MP de H.
longicornis encontra-se principalmente no citoplasma das &4cinos tipo III da glandula
salivar (HARNNOI et al., 2007). Foi demonstrado que acinos tipo III sdo o local principal
da produg¢do de moléculas salivares bioativas (RIBEIRO & FRANCISCHETTI et al.,
2003). Nossos resultados sdo também compativeis com os estudos mostrando que N-
glicosilagdo ¢ essencial para o processamento de MPs e proteger a enzima da acdo de

proteases (ESCREVENTE et al., 2008).

Componentes da glandula salivar de carrapatos tém atraido a atengdo como
candidatos a antigenos para vacinas anti-carrapato. Esses componentes incluem varias

moléculas bioativas sobre os sistemas de defesas dos hospedeirose também moléculas que
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ajudam a fixacdo do aparelho bucal ao hospedeiro (SAUER et al., 1995; SIMO et
al., 2011). Os carrapatos possuem sistema de digestdo intracelular onde as proteinas do
sangue da ingesta sdo digeridos no interior dos lisossomos pela agdo sucessiva de
proteases que operam em pH baixo, embora ndo pode ser descartada a hipdtese de que

proteases tenham func¢do na tubo digestério, como por exemplo mantendo o sangue no

estado liquido (LARA et al., 2005; SOJKA et al., 2008; HORN et al., 2009).

A 1inibi¢do da proliferacdao de células do endotélio microvascular e degradacao de
ambas subunidades (a e ) das integrinas a5B1 e alP1 pela saliva de 1. scapularis sugere
que MPs sejam responsdveis por essas atividades (FRANCISCHETTI et al., 2005a;
KAZIMIROVA & STIBRANIOVA, 2013). Supde-se que MPs salivares tém papel
importante na propagacao rapida dos componentes anti-hemostaticos na area da picada,
espalhando-os pelas redondezas e resultando na degradagdo tanto da matriz extracelular
como da membrana basal vascular. Uma vez que a infestagdo por carrapato provoca
alteracoes sistémicas, além dos efeitos localizados no local da picada, supde-se que ocorra
disseminagdo de componentes salivares na circulagdo. Ocorrem mudancas bruscas no
conteudo proteico da saliva e glandula salivar de carrapatos em resposta no inicio da
ingestao de sangue (TIKKI et al., 1999; MULENGA et al., 2007). Foi demonstrado que
varias peptidases sdo reguladas no tempo para executar fungdes fisioldgicas e bioquimicas
necessarias para a manuten¢do da vida e alimentacdo de carrapato (FRANTA, 2010).
Assumindo que a transcrigdo de um gene em um tecido representa a presenga da proteina
correspondente; MPs estdo entre aquelas que sdo reguladas desde o inicio e a fase final de
alimentacdo (ADAMSON et al., 2013). Nossos resultados confirmam que MPs sao
transcritas na glandula salivar durante todas as etapas de alimentacdo de sangue, sugerindo

que elas participam do mecanismo de alimentacao sanguinea.
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O perfil transcricional de MPs em tecidos e estagios de desenvolvimento do
carrapato sugere que elas t€ém funcdes bioldgicas distintas nas trés espécies de carrapatos
estudadas. Perfis de transcricdo destas MP de glandula salivar sdo semelhantes aos perfis
de transcri¢do de MPs em outras espécies de carrapato (HARNNOI et al., 2007; DECREM
et al., 2008a,b; IMAMURA et al., 2009; BARNARD et al., 2012). A transcrigdo de MP na
glandula salivar ¢ um indicio de que essas enzimas participam do repasto sanguineo de
carrapato. Estas proteinas conservadas evolutivamente parecem participar de uma grande
variedade de processos bioldgicos, e sua caracterizagdo pode revelar novos antigenos
adequados para comporem vacinas anti-carrapato. No caso de R. sanguineus, transcritos
de MP foram encontrados também em intestino, possivelmente contribuindo para manter o
sangue ingerido permaneca liquido no limen do intestino para a digestdo, assim como
desempenhando um papel antimicrobiano (MAZZI et al., 2004). O perfil transcricional de
BrRm-MP1, BrRm-MP4, Rs-MP1, Ip-MP1 e Ip-MP3 sugere que elas t€ém um papel nos
estagios iniciais de desenvolvimento da vida pois sdo transcritas também em larvas. Uma
vez que MPs exclusivamente expressas no sistema reprodutivo masculino dos mamiferos
sdao fundamentais para a espermatogénese ou fertilizagao (CHO et al., 1998, ZHU et al.,
1999) supde-se que BrRm-MP4 expressa no macho, desempenhe um papel semelhante na

espermatogénese do carrapato.

A atividade de varias peptidases ¢ importante para o desenvolvimento dos ovérios,
oogénese ¢ ovulagdo. E bem conhecido que os MPs pertencentes ao grupo metzincina
convertem formas biologicamente inativas em ativas dos fatores de crescimento
epidérmico produzidos por células da granulosa, no homem e em roedores (DONG et
al., 1999; LIU et al., 1999; OHNISHI et al., 2001; HINKLE et al., 2004; BEN-AMI et

al., 2006). Algumas enzimas pertencentes ao grupo metzincina tém forte atividade
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colagenolitica. Por isso, elas também podem estar envolvidas na ruptura da parede
folicular decorrente da estimulagdo hormonal (CURRY ef al., 2003). A transcricdo de
BrRm-MPs (exceto BrRm-MP3) e Rs-MPs em ovério reforca a hipdtese que sugere que
MPs de carrapatos participam na reprodugdo; (a) o papel no inicio do desenvolvimento
dos ovarios (b) ovulacdo (¢) oogenesis e outras fungdes paralelas carrapatos necessitam

para a manutencao de sua ovario durante o periodo de esteiras.

MPs (MMP2) do grupo metzincina sdo expressas no corpo gorduroso de D.
melanogaster durante todas as fases a metamorfose (BOND, 2010). E sabido que, além de
seu papel de armazenar lipidios para fornecer energia ao longo do desenvolvimento
(LOCKE, 1984), o corpo gorduroso sintetiza varias outras moléculas cruciais para o
carrapato. Por exemplo, a vitelogenina ¢ sintetizada e processada no corpo gorduroso,
liberada para a hemolinfa e incorporada em ovos como a principal proteina do vitelo, a
vitelina (ROSELL-DAVIS & COONS, 1989; UMEMIYA-SHIRAFUJI, 2012). A
transcricdo de MPs no corpo gorduroso de carrapatos sugere que também essas enzimas

participam no processamento de proteinas.

Perguntas sempre surgem sobre a natureza dos pardlogos desses MPs quanto a
serem alelos ou diferentes copias de genes. Para responder a hipdtese que os genes que
codificam os membros MPs descritos ndo sdo alelos mostramos que (a) eles sdo
amplamente divergentes mostrado na arvore filogenética; (b) os cDNAs amplificados por
estes MPs foram extraidos a partir de uma populacdo de carrapatos isolado que evitar o
nimero de alelos de propagacao; (¢) por tltimo, mas ndo menos importante, mais do que
duas copias foram observados para ser expressa num mesmo individuo (DECREM et

al., 2008a).
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A demonstracdo de que a vacinacdo com um antigeno interno do carrapato,
antigeno oculto (molécula que em condig¢des naturais ndo entra em contato com o sistema
imunoldgico do hospedeiro), induz a producdo de anticorpos que quando da ingestdo de
sangue, atingem seus alvos no carrapato demonstrou que vacinas anti-ectoparasitas sao
factivéis. A primeira demonstracdo de que isso era possivel foi demonstrada com o R.
microplus e introduziu o conceito de antigeno oculto (WILLADSEN, 2004 & 2006;
SONENSHINE er al., 2006). Este primeiro antigeno que confere imunidade contra
carrapato, a proteina Bm86, além de servir como prova da validade do conceito de
antigeno oculto também foi a base da primeira vacina disponivel comercialmente (Tick-
GARD e Gavac) contra qualquer ectoparasito. As duas Unicas vacinas anticarrapato
langadas comercialmente sdo baseadas nesse antigenoApos algumas mudangas em
estratégias comerciais a vacina Tick-GARD deixou de ser comercializada (GUERRERO
et al., 2012). Quando carrapatos ingerirem sangue de hospedeiros imunizados com Bm&6,
ocorre lise de células do intestino através de mecanismo mediado por anticorpos. Como
resultado, hd reducdo no numero, peso e capacidade reprodutiva dos carrapatos
alimentados em animais vacinados. Os ensaios a campo realizados na Australia e em Cuba
(DE LA FUENTE et al., 1999; GARCIA-GARCIA er al., 2000) mostraram um nivel de
protecdo que justificou o langamento comercial das duas vacinas. Entretanto, em testes
realizados no Brasil (RODRIGUEZ et al., 1995; CUNHA et al., 2012), Argentina,
Colombia e México (CANALES et al., 1997) os niveis de protecao conferidos por essas
vacinas nao foram satisfatorios para o controle de populacdes de R. microplus (DE LA
FUENTE et al., 1999). Estudos com vacinas produzidas com Bm95, uma proteina
homologa a Bm86, mostraram protecdo contra algumas populacdes de R. microplus

refratarias a vacinagdo com Bm86 (GARCIA-GARCIA et al., 2000). Devido a
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variabilidade entre as populacdes de carrapatos, antigenos mais adequados devem ser
encontrados para se chegar a uma vacina com eficacia suficiente para efetivamente

controlar infestagdes por carrapato.

Estudos anteriores mostraram que MPs poderiam ser tteis como um antigeno em
uma vacina para prote¢ao contra I. ricinus ¢ H. longicornis (DECREM et al., 2008a,b;
IMAMURA et al., 2009). O uso de MP de H. longicornis como antigeno resultou em
mortalidade de ninfas e adultos alimentados nos hospedeiros imunizados (IMAMURA et
al., 2009). Estudos com MPs de [. ricinus usando a metodologia de iRNA mostraram que
a inibicdo da sintese de MPs impede a refei¢do sanguinea e afeta a capacidade fibrinolitica
da saliva (DECREM et al., 2008a). Também, a vacinacdo de hospedeiros com uma MP
recombinante produzida em sistema de expressdo eucaridtico interfere com a conclusao da
refei¢do sanguinea, o ganho de peso e a taxa de oviposi¢ao de /. ricinus (DECREM et
al., 2008b). Esses achados refor¢cam a ideia de que MPs sejam bons alvos para o
desenvolvimento de vacinas anticarrapato. Dentre estas seqliéncias, uma MP de R.
microplus (BrRm-MP4) foi selecionada para estudos posteriores, porque se encontra em
varios tecidos da fémea e no macho e ainda apresentar uma sequencia de aminodcidos
teoricamente altamente antigénica. Depois de expressao heterdloga, a rBrRm-MP4
purificada foi utilizada em testes de vacinacdo em bovinos e desafio por R. microplus. A
vacinacdo com rBrRm-MP4 reduziu a infestagdo por R. microplus, evidenciando que o

potencial que esse antigeno possui para utilizacdo em uma vacina anti-carrapato.

Utilizando soros anti-rBrRm-MP4 foi confirmada a presenca de BrRm-MP4 e
variantes com diferente massa molecular em varios tecidos de fémea de R. microplus,

parcialmente e totalmente alimentadas. Nao estd claro, entretanto, se essas variagcdes de
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peso molecular observadas para BrRm-MP4 sdo devidas a diferentes isoformas ou
diversidade no processamento proteolitico. Resultados semelhantes foram encontrados em
I. ricinus, onde anticorpos anti-MPs (Metis) produzidos em camundongos imunizados com
Metis3 e Metis4 (DECREM et al., 2008a,b) reconheceram Metis3 e Metis4, enquanto que
o soro anti-Metisl reagiu com Metisl e Metis2. Foi sugerido que algumas Metis exibem
epitopos semelhantes, o que é compativel com a nossa hipotese de que os soros anti-
rBrRm-MP4 reconhecem epitopos semelhantes também nas outras MPs dos tecidos. As
massas moleculares encontradas para as MPs nativas correspondem ao tamanho calculado
a partir das sequéncias de aminoacidos deduzidas das sequéncias nucleotidicas
correspondentes. Além disso, o fato de que anticorpos anti-rBrRm-MP4 reconhecerem
varias proteinas nos extratos de tecidos também sugere que, em adicdo a forma
monomérica, BrBRm-MP4 pode formar oligdmeros. Casos semelhantes foram observados
em outras proteinas ricas em dissulfeto (PEREZ-VILAR et al., 1996; GONG et al.,
2007).0 fato de que anticorpos anti BrRm-MP4 reconhecerem a proteina nativa em
extratos de glandula salivar e em larva refor¢a nossa hipdtese sobre o papel dessa enzima

tanto na alimentagdo sanguinea como nas fases iniciais do desenvolvimento do carrapato.

A imunizagdo de Bos taurus taurus usando rBrRm-MP4 como antigeno contra
infestacdo por R. microplus diminuiu significativamente o numero de carrapatos que
completaram o ciclo de vida parasitario e a eclosdo em 43% e 15%, respectivamente e a
capacidade de postura foi afetada em 17%, perfazendo uma protecdo total de 60%. Os
resultados deste estudo mostram que rBrRm-MP4 tem potencial para ser um dos
componentes antigénicos de uma vacina para o controle de R. microplus. Comparando
com outros antigenos testados para proteger conta carrapatos este grau de protecdo ¢ um

dos maiores encontrados até¢ agora (RODRIGUEZ et al., 1995; SAUER et al., 1995;
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PATARROYO et al., 2002; WEISS et al., 2004; HAJDUSEK et al., 2010; ALMAZAN et

al., 2010).
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6. Conclusao e perspectivas

Em conclusdo, este estudo identifica a presenga de varias MPs em tecidos e fases
de desenvolvimento do carrapato e a capacidade imunoprotetora contra infestagdes por R.
microplus, abrindo a perspectiva do uso desta proteina como imunogeno em uma vacina
contra carrapato. Melhoria na eficicia da vacina rRmBr-MP4 poderia ser alcangado por
formulagdes multi-antigénicas, bem como construgdes quiméricas que utilizam regides
selecionadas BrRm- MP4 que conferem protecao contra a infestagdo de carrapatos. Estas
proteinas evolutivamente conservadas participam de uma ampla variedade de processos
bioldgicos e sua investigacdo pode abrir a porta para o desenvolvimento de nova vacina

candidata anti-parasita.
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