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RESUMO

O carrapato bovino, Rhipicephalus (Boophilus) microplus, € um artropode
hematofago, responsavel por importantes perdas na pecuaria. Durante o desenvolvimento
do embrionario do carrapato a cisteino endopeptidase degradadora de vitelina (VTDCE)
participa do processo de hidrdlise de vitelina (Vt), a principal fonte de energia e
aminoacidos durante esse periodo. Devido a sua importancia na fisiologia do parasita, a
VTDCE ¢ um alvo potencial para o desenvolvimento de vacinas anti-carrapatos. Estudos
anteriores demonstraram que a VTDCE nativa, purificada de ovos confere protecdo contra
R. microplus, desencadeada pela resposta imune dos bovinos apds a administracdo deste
antigeno. Entretanto, o extenso e dispendioso processo de purificacdo desta proteina,
acrescido do baixo rendimento e fonte escassa de material (ovos de carrapato) inviabiliza a
utilizacdo da proteina nativa para fins comerciais. Tais dificuldades podem ser
ultrapassadas por meio do uso de uma proteina recombinante. O presente trabalho tem por
objetivo a expressdo, purificacdo e caracterizagdo da VTDCE recombinante (rVTDCE).
Parte da sequéncia de aminoécidos da VTDCE nativa foi obtida por sequenciamento de
edman e pela analise por especrometria de massas de petideos obtidos pelo tratamento da
proteina com tripsina e. As sequéncias obtidas assim obtidas foram utilizadas para buscar a
sequéncia da ORF da VTDCE em um banco de cDNA. Por meio de PCR, a ORF da
enzima foi clonada em vetor de clonagem e posteriormente de expressdao. A rVTDCE
expressa em Escherichia coli foi purificada por cromatografia de afinidade e utilizada para
determinar algumas de suas propriedades, como atividade enzimética e antimicrobiana. A
atividade enzimética foi avaliada através de ensaios fluorimétricos, onde a rVTDCE
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mostrou caracteristicas similares a VTDCE nativa. Ensaios antimicrobianos foram
realizados para avaliar a possivel atividade sugerida apds analise da sequencia da ORF da
VTDCE. A analise molecular mostrou que a sequéncia da VTDCE apresenta semelhanca
com peptideos antimicrobianos, fato comprovado através de ensaios antimicrobianos.
Efetivamente, a VTDCE apresentou atividade antimicrobiana tanto na sua forma nativa
como na forma desnaturada desprovida de atividade peptidasica, demonstrando que ambas
as atividades sdo independentes. Foram feitos também ensaios imunoldgicos, onde
anticorpos policlonais anti-rVTDCE foram produzidos em coelhos e bovinos. Por Western
blot foi observado que os anticorpos policlonais produzidos contra VTDCE recombinante
reconheceram a VTDCE nativa, e o inverso também, indicando que a forma recombinante

pode ser utilizada para experimentos de vacinacao.
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ABSTRACT

The cattle tick, Rhipicephalus (Boophilus) microplus is a hematophagous
arthropod, responsible for significant losses in livestock. During the tick embryo the
vitellin-degrading cysteine endopeptidase (VTDCE) participates in the vitellin (Vt)
hydrolysis, the main energy source and amino acids during this period. Due to the
importance of this enzyme in parasite physiology the VTDCE is a potential target for
development of anti-tick vaccine. In previous studies, the immunization with native
VTDCE, purified from tick egg, conferred protection against R. microplus. However, the
extensive and expensive purification process, plus the low achievement precludes the use
of the native protein for commercial purposes. This difficulty can be overcome by the
expression of a recombinant protein in heterologous organism. This work aims the
expression, purification and characterization of recombinant VTDCE (rVTDCE). Part of
the native VTDCE amino acid sequence was determined by Edman sequencing. Native
protein was also trypsinized and peptides sequenced by mass spectrometry. The sequences
obtained from mass spectrometry and Edman sequencing were used to search the ORF
sequence of VTDCE in a tick cDNA library. Through PCR enzyme ORF was cloned into a
cloning vector and further into an expression vector. The rVTDCE expressed in
Escherichia coli was purified by affinity chromatography and used to determine some of
its properties such as antimicrobial and enzyme activity. The enzymatic activity was
measured using fluorimetric assays, where rVTDCE had similar characteristics to VTDCE.
Antimicrobial assays were performed to evaluate the possible activity suggested after
sequence analysis. Molecular analysis showed that the sequence of VTDCE shows
similarity with antimicrobial peptides, which was proven through antimicrobial assays.
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Effectively, the VTDCE presented antimicrobial activity even when the protein didn’t
present enzymatic activity, demonstrating that both activities are independent.
Immunological assays were also performed. Polyclonal anti-rVTDCE serum were
produced in rabbits and cattle. Western blot showed that the polyclonal antibodies raised
against recombinant VTDCE recognized the native form, indicating that the recombinant

form may be used for vaccination experiments.
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1. INTRODUCAO

Os carrapatos formam um grupo de artrépodes hematofagos obrigatorios, nédo
permanentes, que se alimentam em uma grande diversidade de hospedeiros (mamiferos,
aves, répteis e anfibios, entre outros) (ANDERSON et al., 2008), encontrados em todos 0s
continentes (ANDERSON 2002). Carrapatos pertencem a classe Arachnida, ordem acari,
que é dividida em 3 familias: Argasideae, Ixodideae e Nuttalliellidae (BARKER et al.,
2004) .

Entre as principais caracteristicas morfologicas destacam-se: presenca de 4 pares de
patas (quando ninfas ou adultos), auséncia de antenas e asas, presenca de hipostomo (6rgédo
recurvado contendo as pecas bucais e também com a funcdo de ancorar o carrapato ao
hospedeiro) e de um 6érgdo sensorial no primeiro par de patas, o 6rgdo de Haller
(GOODMAN et al., 2005).

Os carrapatos séo vetores da maior variedade de patdgenos a animais domésticos do
que qualquer outro grupo de artrépodes, sendo que em relagdo a humanos os carrapatos
perdem esta posicdo apenas para 0S mosquitos (SONENSHINE 1991). As doengas
transmitidas por carrapatos aos animais domeésticos sdo uma restricdo importante para a
producdo animal (SONENSHINE 1991; JONGEJAN et al., 2004), de forma que sdo
necessarios estudos para o desenvolvimento de técnicas de controle mais eficientes.

No Brasil a espécie economicamente mais significativa € o carrapato-do-boi,
Rhipicephalus (Boophilus) microplus, responsavel por grandes perdas econémicas na
pecudria bovina (AMARAL et al., 2011). O prejuizo gerado decorre da reducdo na
producdo de leite e carne (devido a expolicdo sanguinea e consequente reducdo de peso dos
animais parasitados) (JONSSON 2006); danos no couro causados por rea¢des inflamatorias

nos locais de fixacdo do carrapato; e transmissdo de doengas, como a tristeza parasitaria
13



bovina (causada por protozoarios do género Babesia e pela bactéria do género Anaplasma)
(JONSSON et al., 2001; JONGEJAN et al., 2004; ANDREOTTI 2010; SUAREZ et al.,
2011). Além disso, ndo é possivel desvincular os gastos indiretos gerados pela tentativa de
controle destes parasitos, que envolvem o0s gastos com acaricidas, mao de obra,
equipamento e estrutura necessarios para a aplicacdo deste tipo de produto (JONSSON
2006). Devido a sua importancia, a biologia e fisiologia dos carrapatos necessita ser
melhor descrita para subsidiar estudos relativos ao desenvolvimento de novos métodos

para seu controle.

1.1 O carrapato Rhipicephalus (Boophilus) microplus

R. microplus tem o bovino como principal hospedeiro, mas também parasita
bufalos, cervideos, e em frequéncia ainda menor pode ser encontrado em equinos,
caprinos, ovinos, asininos, suinos e cdes (OIE 2007). Pertencente a familia Ixodidea
(BARKER et al., 2004), o R. Microplus é originario do sudeste da &sia (JONGEJAN et al.,
2004) e esta distribuido nas regibes tropicais e subtropicais do globo (situadas entre os
paralelos 32° N e 35° S), que incluem importantes regides produtoras de carne bovina e
leite, como por exemplo a america latina (ESTRADA-PENA et al., 2006).

A maior parte dos ixodideos, chamados de carrapatos duros, apresenta um ciclo de
vida que necessita a passagem por trés diferentes hospedeiros, ou seja, cada estagio (larva,
ninfa e adulto) se alimenta em um hospedeiro, faz a muda e na proxima fase se alimenta
em outro hospedeiro, que pode ser da mesma ou de outra espécie (OIE 2007). O R.
microplus, por sua vez, € monoxeno (o ciclo se passa em um tnico hospedeiro) (BARKER

et al., 2004) e tem o ciclo dividido em dois grandes periodos: um de vida livre e outro de
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vida parasitaria (Figura 1). A fase de vida parasitaria tem duracdo de aproximadamente 21
dias, periodo em que ocorre a muda da larva para ninfa e entdo para adulto, onde ocorre o
dimorfismo sexual, alimentacédo, copula e desprendimento da fémea totalmente ingurgitada
pronta para a oviposicdo (GONZALES, 1974). Fémeas adultas recebem diferentes nomes
de acordo com a ingesta de sangue realizada, recebendo a denominacdo de partendgina ou
teledgina. Partendgena refere-se a fémea parcialmente ingurgitada, que ndo terminou o
repasto sanguineo, e teledgina refere-se a fémea totalmente ingurgitada. A fase de vida
livre inicia-se quando a teledgina cai ao solo e em 3 dias inicia a postura que dura em torno
de 17 dias (GONZALES, 1974; BENITEZ et al, 2012). Cerca de 7 dias apds o término da
postura (em condigdes ideais, com temperatura de 28 °C e umidade de 70% )
(GONZALES, 1995) as larvas eclodem e migram para o apice de vegetagdes rasteiras em
busca de um hospedeiro. Ao encontrar o animal a ser parasitado a fase de vida livre se

encerra e inicia-se a fase de vida parasitaria.

Figura 1. Ciclo de vida do Rhipicephalus (Boophilus) microplus. A foto em destaque representa

teledginas ap6s a queda, durante a oviposicdo. Retirado de DA SILVA VAZ et al., 2012.
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A infestacdo dos rebanhos por este carrapato acarreta grandes perdas econémicas a
pecudria, representando um dos maiores fatores na queda de produtividade neste tipo de
produgdo (JONSSON, 2006). Convencionalmente o controle deste parasito é realizado
através da utilizacdo de acaricidas quimicos, substancias com potencial de deixar residuos
na carne e no leite, trazendo riscos aos individuos que venham a ingeri-los, bem como o
risco de contaminacédo do solo e de aguas (GEORGE et al., 2004). Além destes prejuizos, 0
uso continuo de acaricidas leva a selecdo de populacbes de carrapatos resistentes
(DUCORNEZ et al., 2005). Assim, cada vez mais se intensifica a busca de novas formas
de controle, como o controle bioldgico, através de agentes microbianos, em especial 0s
fungos (FERNANDES et al., 2012) e o controle imunoldgico, por meio de vacinas (DE LA
FUENTE et al., 2007; MARITZ-OLIVIER et al., 2012; PARIZI et al., 2012). Nesta busca,
0 conhecimento da fisiologia deste parasito e o conhecimento de moléculas chaves para
seu desenvolvimento é bastante importante para o desenvolvimento de novas alternativas

de controle.

1.2 Vitelogénese

Como apresentado anteriormente, o R. microplus passa por uma fase de vida livre,
na qual a nutricdo ocorre pela utilizacdo de proteinas de reserva, e ndo pelo repasto
sanguineo no hospedeiro (CHINZEI et al., 1985; ESTRELA et al., 2007; ESTRELA et al.,
2010). Durante a oogénese, proteinas, lipidios, carboidratos e outros componentes sdo
estocados, de forma que os ovos maduros contém todas as fontes necessarias para o
desenvolvimento do embrido (SAPPINGTON et al., 1998; BRIEGEL et al., 2003). Os

carrapatos, assim como as outras espécies oviparas, provém ao embrido uma proteina de
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reserva denominada Vitelina (VT), que serd utilizada tanto durante a fase embrionaria
quanto durante a fase larval, enquanto ndo houver acesso a uma fonte de nutrientes externa
(ESTRELA et al., 2007; ESTRELA et al., 2010; LAINO et al., 2011). A vitelogenina
(VG), é o precursor da VT (GUDDERRA et al., 2002), ¢ sintetizada fora do ovario (no
intestino e corpo gorduroso), secretada na hemolinfa e captada pelos ovarios (KHALIL et
al., 2011). A VG circulante na hemolinfa é captada pelos odcitos e processada em VT
(RAIKHEL & DHADIALLA, 1992).

Assim como em insetos, as VT de carrapatos representam de 80 a 90% da proteina
total presente nos granulos de vitelo (ROSELL et al., 1991). Entretanto, as VT de
carrapatos apresentam uma caracteristica bastante peculiar: a presenca heme em sua
estrutura. Essa molécula de heme € proveniente da digestdo do sangue do hospedeiro e é
ela que da a VT sua cor marrom escura, que pode ser visualizada nos ovos (ROSELL et al.,
1991) (Figura 1). A capacidade de ligacdo ao heme, presente na VT de carrapatos, é de
suma importancia para este parasito, uma vez que estes sdo incapazes de sintetizar o
préprio heme, se utilizando entdo daquele obtido através da dieta hematofagica (BRAZ et
al, 1999) .

Apesar do heme ser uma molécula essencial para a vida de organismos aerobios,
sua presenca na forma livre catalisa uma serie de reagdes prejudiciais ao organismo, como
dano ao DNA via espécies reativas de oxigénio e oxidacdo de proteinas (KUMAR et al.,
2005). Como um terco da VT dos ovos é consumida durante a embriogénese (LOGULLO
et al., 2002) o R. microplus se utiliza de uma artimanha bioldgica: o heme liberado pela
hidrélise de VT se liga as VT que ainda ndo tenham sido utilizadas (LOGULLO et al.,
2002). Além da propria vitelina, a funcdo de reciclagem e transporte do heme no carrapato

R. microplus é realizada pela hemelipoproteina (HeLp) (MAYA-MONTEIRO et al., 2000).
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Apesar de sua alta concentracdo na hemolinfa a HeLp néo foi localizada em ovos (MAY A-
MONTEIRO et al., 2000).

Ap0s a oviposicdo e até 0 momento da eclosdo, em R. microplus, ocorrem dois
picos de degradacgdo de vitelina: o primeiro ocorre nos primeiros dias e o segundo no
décimo quinto dia. Além disso, no momento da eclos&o cerca de 40% da vitelina presente
nos ovos foi utilizada pelo embrido (LOGULLO et al., 2002). Isso mostra o grau de
controle da hidrélise de VT pelas enzimas. O controle da degradagédo de V1t é realizado por
dois fatores: pH e laténcia enzimatica (SEIXAS et al., 2010), onde a alteracdo de pH seria
capaz de ativar as enzimas de interesse no momento adequado. Durante o desenvolvimento
do embrido, mais especificamente apds a fertilizacdo (ABREU et al., 2004), ocorre uma
acidificacdo regulada dos granulos de vitelo, essa acidificacdo leva a ativacdo de proteases
armazenadas no ovo e consequente consumo de VT (FAGOTTO 1991; SEIXAS et al.,
2008; SEIXAS et al., 2012). Supdem-se também que adicionalmente a ativagdo por pH,

parte do controle é feito por inibidores presentes no ovo (SEIXAS et al., 2010).

1.3 Enzimas envolvidas na vitelogénese do R. microplus

Até o momento foram descritas quatro enzimas com atividade de degradar VT:
VTDCE (Vitellin Degrading Cysteine-Endopeptidase) (SEIXAS et al., 2003); BYC
(Boophilus Yolk Pré-Catepsin) (LOGULLO et al., 1998); THAP (Tick Heme Binding
Aspartic Proteinase) (SORGINE et al., 2000); RmLCE (Rhipicephalus microplus larvae
Cysteine-endopeptidase) (ESTRELA et al., 2007). As trés primeiras estdo envolvidas na

degradacédo da VT no ovo e a outra em larva.
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1.3.1BYC

A proteina BYC ¢é a mais abundante dentre as enzimas presentes em ovos de R.
microplus (ABREU et al., 2004), representando cerca de 6% do conteddo protéico dos
ovos (NASCIMENTO-SILVA et al.,, 2008). A BYC é uma aspartico endopeptidase,
sintetizada no intestino e no corpo gorduroso do carrapato, secretada na hemolinfa e
endocitada pelos oocitos (LOGULLO et al., 1998). Sua ativacdo ocorre em meio acidico
(pH 3,5) por auto-protedlise, onde a pro-enzima de 54 kDa passa a forma madura de 47
kDa (LOGULLO et al., 1998). Sua ativacdo em meio acido € compativel com o fato de que
proteases acidas participam do processo de degradacao de Vt apés ativacdo por variagdo no

pH (FAGOTTO 1990; FAGOTTO 1995; CECCHETTINI et al., 2002).

As aspartico endopeptidases apresentam em seu bolsao catalitico dois residuos de
acido aspartico (Asp), que sdo os aminoacidos responsaveis pela ligacdo de moléculas de
agua e hidrolise da ligacdo peptidica (DAVIES, 1990). A estrutura da enzima BYC ¢
considerada atipica em funcdo da auséncia do segundo residuo de Asp (NASCIMENTO-
SILVA et al., 2008). A auséncia deste residuo levaria a necessidade da formacdo de um
dimero, e a interacdo entre essas duas moleculas possibilitaria a atividade catalitica
(NASCIMENTO-SILVA et al., 2008), situacdo ja descrita em outra aspartico
endopeptidase (LAPATO et al., 1989). Entretanto, outra hipdtese deve ser levantada pois a

BYC atua como mondémero (NASCIMENTO-SILVA et al., 2008).

Com relacdo a sua atividade proteolitica, quando testados os subtratos protéicos

caseina, albumina sérica bovina, hemoglobina e vitelina observou-se que a BYC ¢
19



altamente especifica para degradacdo de vitelina, sendo que sequer reconhece 0s dois
prmeiros substratos (ABREU et al., 2004). Outra caracteristica importante desta enzima é
que niveis significativos de atividade enzimética s6 sdo detectados apos longos periodos de
incubagdo com uma razdo molar de enzima/substrato proxima a 1:1, indicando uma baixa
atividade catalitica (NASCIMENTO-SILVA et al., 2008). A auséncia do segundo residuo
de &cido aspartico, descrita anteriormente, pode ser a responsavel pela baixa atividade
catalitica da enzima (NASCIMENTO-SILVA et al., 2008). O fato de haver uma enzima
com alta afinidade, mas baixa atividade catalitica pode ser uma estratégia desenvolvida por
R. microplus para evitar o consumo da proteina de reserva de forma muito répida

(NASCIMENTO-SILVA et al., 2008).

Recentemente foi demonstrada a presenca da BYC em larvas de R. microplus, onde
além da funcéo na digestdo de VT sugere-se que esta enzima tenha uma atuacdo tambem

na hidrolise de hemoglobina (ESTRELA et al., 2010).

1.3.2 THAP

A THAP também é uma aspartico endopeptidase presente em ovos de R. microplus
(SORGINE et al., 2000). Esta enzima é capaz de ligar heme, e a prépria concentracdo do
heme € utilizada como um mecanismo de regulacdo da hidrolise de seu substrato, a VT
(SORGINE et al., 2000). O mecanismo de regulacdo ocorre de forma que elevadas
concentracfes de heme livre inibem a atividade proteolitica da enzima (SORGINE et al.,

2000), protegendo assim a célula da citotoxicidade do heme livre. Outra carcteristica desta
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enzima € o fato de os sitios de ligacdo a heme e hidrolise serem distintos (SORGINE et al.,

2000).

Pohl et al. (2008) mostrou que a THAP é transcrita em diversos tecidos: corpo
gorduroso de partendginas e teledginas, intestino e ovério de teledgina. Entretanto,essa
enzima é acumulada apenas em ovario de teledginas, sugerindo que apés traduzida ela é

secretada na hemolinfa e entdo endocitada pelos odcitos.

1.3.3 RmLCE /BmCI1

VT € a principal proteina digerida para nutricdo deste artrépode durante o periodo
gue antecede o repasto sanguineo da larva (ESTRELA et al., 2010). Uma das enzimas
responsaveis hidrdlise de VT nesta fase € a cisteino endopeptidase larval de Rhipicephalus
microplus (Rhipicephalus microplus larval cysteine endopeptidase - RmLCE) (ESTRELA
et al., 2007). Essa cisteino endopeptidase presente em larvas apresenta um perfil de
atividade que demonstra que ela é uma proteina distinta da VTDCE (ESTRELA et al.,
2007), uma cisteino endopeptidase envolvida na degradacdo de VT durante a fase
embrionaria (SEIXAS et al., 2003). A RmLCE foi purificada a partir de extrato de larvas, e
provavelmente seja sintetizada durante este estadio, participando na degradacdo de VT
iniciada pelas proteases maternas (ESTRELA et al., 2007). Em 2000, Renard e colegas
clonaram, a partir de uma biblioteca de cDNA de larvas de R. microplus, uma catepsina
tipo L que foi denominada cathepsin-L-like cysteine endopeptidase (BmCL1). Apds
tripsinizacao e sequenciamento por espectrometria de massas da RmLCE foi demonstrado
que BmCL1 e RmLCE sdo uma mesma enzima.
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Estrela et al. (2010) demonstrou a existéncia de uma associacéo entre BYC e RmLCE
e sugeriu a existéncia de uma cascata enzimatica para a digestdo de proteinas, durante a
fase larval. Essa hipdtese é apoiada pela elevacdo na capacidade de hidrolise da

hemoglobina por parte da RmLCE quando esta enzima é previamente incubada com BYC

1.4 A proteina VTDCE

1.4.1 Funcdo bioldgica

A VTDCE é o tema central do presente estudo, trata-se de uma enzima envolvida
na degradacdo de vitelina durante a embriogénese do carrapato. Em condicGes
experimentais, utilizando VT como substrato, a VTDCE mostrou ser a enzima mais
eficiente na hidrolise deste substrato quando comparada com THAP e BYC (SEIXAS et

al., 2008).

A VTDCE tem origem materna, com provavel sintese extraovariana e transporte
pela hemolinfa antes da internalizacdo nos odcitos (SEIXAS et al., 2010). Ela esta presente
em tecidos maternos como ovario e intestino (SEIXAS et al., 2010). No intestino esta
localizada na 1dmina basal e em células basofilicas, que apresentam funcao secretoria. Nos
ovarios, localiza-se na membrana das células do pedicelo, estrutura responsavel por fixar
0s odcitos ao ovario e que apresenta importante papel na transferéncia de proteinas da
hemolinfa para os o6citos em desenvolvimento (SEIXAS et al., 2010). Desta forma, supde-
se que a VTDCE, assim como BYC, THAP e VT, seja produzida no intestino e

transportada via hemolinfa até o ovario. Entretanto, os dados obtidos até o0 momento néo
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permitem excluir a possibilidade de a VTDCE tambem ser produzida no ovario (SEIXAS

et al., 2010).

Durante toda a embriogénese a VTDCE é observada com dois perfis: um de baixa
massa molecular, correspondendo a proteina livre, e um de alta massa molecular,
correspondente & VTDCE associada as diversas subunidades de VT ou mesmo produtos da
degradacdo parcial da VT (SEIXAS et al, 2003). Experimentos com marcagdo isotopica
com iodo confirmam a associacdo VTDCE/VT (SEIXAS et al., 2010). E mais do que isso,
mostram que essa associacdo ocorre mesmo em presenca de leupeptina (inibidor de
cisteino endopeptidases), sugerindo que essa ligacdo ocorra por meio de um outro sitio que
ndo o sitio catalitico. Apesar de estar ligada ao seu substrato, a VTDCE s6 passa a degrada-
lo no momento adequado, ja que é controlada pelo pH do meio e pela presenca de

inibidores (SEIXAS et al., 2010).

A VTDCE é uma enzima essencial para o desenvolvimento do carrapato, e existe
um grande interesse em seu estudo, devido ao fato de se tratar de um possivel alvo para a
elaboracdo de vacinas contra o parasito (SEIXAS et al., 2008). Experimentos de vacinagdo
com a VTDCE nativa demonstraram que esta proteina é imunogénica e confere protecédo
parcial aos bovinos quando estes sdo desafiados com larvas de R. microplus (SEIXAS et

al., 2008).

1.4.2 Caracteristicas da VTDCE

A obtencdo desta enzima é realizada através de purificacdo de extrato de ovos de R.
microplus de até 10 dias (SEIXAS et al., 2003). O protocolo compreende trés tipos de

23



cromatografia e um processo de autolise em pH &cido, importante para dissociar a enzima
da VT associada. Ap6s uma etapa inicial de fracionamento de extrato de ovos por
cromatografia de troca idnica é feita uma etapa de autdlise. Durante a autdlise, a VTDCE é
ativada pelo pH acido e entdo hidrolisa a VT, os produtos de hidrélise parcial precipitam
enquanto a VTDCE permanece soltvel. Apds essa acidificacdo, a VTDCE ndo pode mais
ser submetida a pH neutro, pois perde sua atividade. Desta forma as cromatografias
posteriores de exclusdo molecular (gel-filtracdo) e troca idnica sdo realizadas em pH acido
(pH 4 e 5 respectivamente) (SEIXAS et al., 2003). A enzima assim obtida tem atividade
sobre substratos protéicos como vitelina, hemoglobina, alboumina e gelatina (SEIXAS et
al., 2003). Dentre todas as enzimas de ovo caracterizadas como degradadoras de VT em R.

microplus (BYC e THAP) a VTDCE mostrou-se a mais ativa (SEIXAS et al., 2008).

Com relagdo a sua classificagdo, a VTDCE pertence ao grupo das hidrolases
(enzimas que catalisam a hidrolise de uma ligacdo quimica — EC 3.-), mais especificamente
uma peptidase (catalisa a hidrélise de ligagdes peptidicas — EC 3.4.-). Por ser responsavel
pela hidrolise de ligacBes que ndo se encontram nas extremidades amino ou carboxi
terminal dos substratos, a VTDCE é considerada uma endopeptidase. A inibi¢do total por
E-64 (L-transepoxysuccinyl-leucylamido-[4-guanidino]butane) e leupeptina a classifica
como cisteino endopeptidase (Enzima que apresenta uma cisteina no sitio catalitico —
3.4.22.-) (MATSUMOTO et al., 1999) . As caracteristicas desta enzima sdo sua preferéncia
por residuos hidrofobicos em Py e Py, a alta atividade sobre o substrato N-Cbz-Phe-Arg-
MCA, inibicdo por E-64 e pH 6timo de 4,0 (SEIXAS et al., 2003). De acordo com o seu
perfil de inibicdo e preferéncia de substratos a VTDCE apresenta caracteristicas similares a
enzimas tipo catepsina L. Catepsinas L estdo envolvidas em diversas funcdes bioldgicas

como remodelamento tecidual, sistema imune, modulacédo e funcdo celular (DICKINSON
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2002). A caracterizacdo da VTDCE foi realizada com base em resultados bioquimicos
experimentais, antes de se conhecer a sequéncia de aminoacidos da enzima. A

determinacdo e andlise de sua sequéncia de aminoacidos sao assunto do presente trabalho.

1.5 Resposta imune em carrapatos

O sistema imune de invertebrados, carrapatos incluidos, tem como grande
caracteristica a auséncia de um sistema imune adaptativo, capaz de produzir anticorpos e
induzir memoria imunoldgica. A resposta imune inata dos artrépodes inclui reacdes
celulares e humorais, como fagocitose, encapsulamento, melanizagdo, coagulacédo
(JIRAVANICHPAISAL et al., 2006) e sintese de peptideos antimicrobianos (ZASLOFF
2002; BULET et al., 2005; RAVI et al., 2011), bem como a propria barreira fisica formada
pela quitina do artrépode (VILMOS et al.,, 1998). Em carrapatos foi comprovada a
existéncia de respostas celulares como a fagocitose (PEREIRA et al., 2001), nodulagédo
(CERAUL et al., 2002) e encapsulamento (EGGENBERGER et al., 1990). A sintese de
peptideos antimicrobianos ja foi descrita em diversas espécies (GUDDERRA et al., 2002;
FOGACA et al., 2004; KOPACEK et al., 2010), entretanto os carrapatos aparentemente
ndo apresentam um sistema de profenoloxidase (responsavel pelo processo de
melanizacdo) e o processo de coagulagdo nestes artrépodes ainda ndo foi
experimentalmente comprovada (KOPACEK et al.,, 2010). A auséncia destes dois
processos descritos no sistema de defesa de outros artropodes sugere que peptideos

antimicrobianos possuam um papel ainda mais importante do que em outros artrépodes.
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Peptideos antimicrobianos sdo convencionalmente definidos como substancias
antimicrobianas polipeptidicas (codificadas por genes e sintetizadas por ribossomos) com
menos de 100 residuos de aminoacidos e que possuam atividade de matar microrganismos
ou inibir seu crescimento ou ainda perturbar biofilmes por eles produzidos (GANZ 2003).
Ao contrério da resposta imune adaptativa de vertebrados, na resposta inata em artropodes
ha producdo de um repertério fixo de peptideos antimicrobianos que ndo sdo montados
para um antigeno especifico, como o0s anticorpos gerados por vertebrados
(JIRAVANICHPAISAL et al., 2006; SCHMIDT et al., 2010). Apesar disso sugerir que a
protecdo desenvolvida por peptideos seja menos eficiente do que a gerada por anticorpos
(em funcdo da reduzida gama de opcdes), peptideos antimicrobianos podem agir

sinergicamente e assim amplificar sua capacidade de protecdo (BULET et al., 2005).

Em insetos, a grande maioria dos peptideos antimicrobianos é sintetizada pelo
corpo gorduroso e secretada na hemolinfa (GANZ 2003) onde exercem sua fungéo de
protecdo. Esses peptideos podem também ser armazenados em pequenos granulos no
interior dos hemdcitos (células circulantes na hemolinfa) (LAVINE et al., 2002). Em
carrapatos varios peptideos antimicrobianos foram descritos (KOPACEK et al., 2010). Em
R. microplus especificamente sdo conhecidos seis peptideos antimicrobianos, incluindo a
VTDCE (OLDIGES et al., 2012) descrita neste artigo: microplusina (FOGACA et al.,
2004); defensina (FOGACA et al.,, 2004); ixodidina (FOGACA et al., 2006); e dois
fragmentos de hemoglobina Hb 33-61 (FOGACA et al., 1999) Hb 98-114 (BELMONTE

etal., 2012).

Peptideos antimicrobianos possuem amplo espectro de atividade, e no caso da
maioria deles, atuarem sobre membranas de microrganismos a capacidade de desenvolver

resisténcia é bastante reduzida (MARSHALL et al., 2003; LI 2011). Em funcéo destas duas
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caracteristicas peptideos antimicrobianos sdo candidatos promissores para O

desenvolvimento de novos agentes para o controle de microrganismos (LI 2011).

1.6 Vacinas para o controle do carrapato

Durante o repasto sanguineo os carrapatos modulam a imunidade do hospedeiro
(CARVALHO et al., 2010). A resposta imune montada pelo hospedeiro é formada por um
repertorio bastante grande, como células apresentadoras de antigenos, citocinas, linfocitos
B e T, imunoglobulinas, granuldcitos entre outros (WIKEL, 1996; BROSSARD et al.,
2004). Essa resposta imunologica permite ao hospedeiro desenvolver certo grau de
resisténcia imunoldgica ao carrapato no decorrer de varios processos de infestacdo (CRUZ
et al., 2008). Essa resisténcia adquirida é responsavel por uma redugdo na quantidade de
parasitas fixados, e no peso das fémeas que completam o processo de alimentacdo, pelo
aumento de tempo necessario para alimentacdo do carrapato, bem como morte de muitos
deles (WIKEL, 1996). Varios estudos foram feitos com o intuito de induzir essa resisténcia
através de imunizacdes. Tentativas de desenvolvimento de uma vacina foram feitos tanto
através da imunizacdo com extratos de tecidos ou fases do carrapato (WILLADSEN, 2004)
quanto com antigenos purificados (PARIZI et al., 2009). Os antigenos utilizados para
imunizacdo podem ser divididos em dois grandes grupos: antigenos expostos ou antigenos
ocultos. O primeiro grupo se trata das moléculas que entram em contato com o sistema
imune do hospedeiro, ou seja, estdo expostos ao hospedeiro (NUTTALL et al., 2006),
como por exemplo, proteinas secretadas na saliva durante a alimentacéo. O segundo grupo
trata daquelas moléculas que estdo ocultas ao sistema imune do hospedeiro (NUTTALL et

al., 2006), mas que podem ser atingidas pelos componentes do sangue ingerido, como por
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exemplo, proteinas da membrana de células do tubo digestério e também de moléculas
envolvidas com o processo de desenvolvimento embrionario, como a VTDCE.

O conceito de antigeno oculto foi introduzido por Willadsen et al. (1988). Esse tipo
de antigeno ndo apresenta a caracteristica de naturalmente induzir uma resposta imune
durante o parasitismo, como ocorre com um antigeno exposto. Entretanto, a ingestdo de
anticorpos produzidos ap6s um procedimento de vacinacao, pode levar a uma interacdo dos
anticorpos e antigenos e consequentemente a uma interferéncia nas fung¢ées do antigeno de
interesse. O exemplo classico da eficiéncia da utilizacdo de antigenos ocultos é o antigeno
Bm86, utilizado nas duas vacinas langadas no mercado contra o carrapato R. microplus
GAVAC e TickGARD (DE LA FUENTE et al., 2007).

O uso vacinas anti-carrapatos foi iniciado em dois paises no inicio dos anos 90:
Cuba (GAVAC®) e Austrélia (Tick-GARD®) (DE LA FUENTE et al., 2007). Ambas as
vacinas utilizam como antigeno variantes da proteina recombinante Bm86, uma
glicoproteina imunogénica presente nas células do tubo digestivo do carrapato,
aparentemente envolvida na endocitose (RODRIGUEZ et al., 1995). Mesmo quando
ocorre a utilizacdo das vacinas é importante ressaltar que a aplicacdo dos acaricidas ainda é
necessaria: ambas as vacinas comerciais apenas reduzem a quantidade e periodicidade da
utilizacdo de acaricidas, ou seja, nao eliminam a necessidade de sua aplicacdo
concomitantemente (DE LA FUENTE et al., 2007). Além disso, por ser um antigeno
oculto hé a necessidade aplicacdo periddica da vacina uma vez que infestagdes sucessivas
por carrapato ndo estimulam o sistema imune contra o antigeno presente na vacina.

As duas vacinas comerciais citadas anteriormente ndo séo eficientes no Brasil,
devido a diferencas na proteina Bm86 das populacdes de carrapato brasileiras, em relacdo

as presentes na Australia e em Cuba (GARCIA-GARCIA et al., 1999). Para a producdo de
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uma vacina economicamente viavel e que seja eficiente no nosso pais, é necessario
identificar novas moléculas de importancia fisiolgica e com potencial imunoprotetor (DE
LA FUENTE et al., 2006; SONENSHINE et al., 2006).

Por ser a busca por antigenos com potencial protetor um grande limitante para o
desenvolvimento de novas vacinas, o estudo mais detalhado da fisiologia e da bioquimica
da embriogénese se torna uma estratégia interessante. Duas das proteinas descritas na
degradacdo de VT ja foram testadas em ensaios pilotos como antigenos em uma vacina anti
R. microplus: BYC e VTDCE. Imunizagdo com as formas nativa e recombinante da BYC e
forma nativa da VTDCE foram capazes de induzir uma resposta humoral, bem como
protecdo contra R. microplus (DA SILVA VAZ, JR. et al., 1998; LEAL et al., 2006;
SEIXAS et al., 2008). Experimentos in vitro demostraram que anticorpos anti-VTDCE s&o
capazes de reduzir a atividade enziméatica da VTDCE de forma dose-dependente (SEIXAS
et al., 2008), como trabalhos anteriores demostraram que parte dos anticorpos ingeridos
durante o repasto sanguineo séo encontrados na hemolinfa (DA SILVA VAZ et al., 1996) a
protecdo induzida por esses antigenos pode uma consequéncia da interagdo dos anticorpos
e as enzimas (SEIXAS et al., 2012).

Em ambas as vacinas comerciais citadas, o antigeno Bm86 ndo é obtido a partir da
purificacdo do tecido (intestino), mas sim a partir da producéo de sua forma recombinante
em organismo heter6logo (DE LA FUENTE et al., 2007). A utilizagdo de proteinas
recombinants na formulacdo de vacinas apresenta muitas vantagens, uma vez que nao se
torna necessaria a presenca do agente alvo da vacina, o que poderia ser um passo limitante
na producdo de grandes volumes de material (COX, 2012). No que concerne a VTDCE
nativa, a obtencdo deste material puro em grande quantidade também se mostra um passo

limitante, tanto em funcgéo da dificuldade de obtencéo de grandes quantidades de ovos de
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carrapato quanto em funcéo do extenso processo de purificagdo. Desta forma a producéo
da proteina na forma recombinante, expressa em Escherichia coli, € alternativa para
impelir novos estudos sobre a molécula, além de possibilitar a sua utilizagdo em

experimentos de vacinagdo em uma grande quantidade de animais.

2 OBJETIVOS

O presente trabalho tem como objetivos a obtencdo da vtdce na forma
recombinante, e elucidar as propriedades enzimatica, imunoldgica e antimicrobiana da

proteina recombinante obtida.

3 METODOLOGIA E RESULTADOS

A metodologia utilizada e resultados obtidos estdo descritos no artigo “A
Rhipicephalus (Boophilus) microplus cathepsin with dual peptidase and antimicrobial

activity” publicado em 2012 no periodico International Journal for Parasitology.

OLDIGES, D. P.; PARIZI, L. F.; ZIMMER, K. R.; LORENZINI, D. M.; SEIXAS, A.; MASUDA,
A.; DASILVA, V. I.,JR. & TERMIGNONI, C. A Rhipicephalus (Boophilus) microplus
cathepsin with dual peptidase and antimicrobial activity. Int J Parasitol, 42 (7): 635-645,

2012.
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The cattle tick, Rhipicephalus (Boophilus) microplus, is a haematophagous arthropod responsible for con-
siderable losses in the livestock industry. Immunological control with vaccines is a promising alternative
to replace chemical acaricides. Due to their importance in parasite physiology, cysteine endopeptidases
are potential targets. In a previous study, native Vitellin Degrading Cysteine Endopeptidase (VTDCE) was
successfully tested as a vaccine antigen for bovines against R. microplus. In this work, nucleotide and
amino acid VTDCE sequences were obtained from cDNA databanks, based on data from Edman sequenc-
ing and mass spectrometry. Subsequently, cloning and expression, purification, immunological and bio-
chemical characterisation of the recombinant protein were performed to determine the biological
importance of VIDCE. By Western blot, polyclonal antibodies produced against recombinant VTDCE
recognised native VTDCE. Interestingly, molecular analysis showed that the VTDCE sequence has similar-
ity to antimicrobial peptides. Indeed, experimental results revealed that VIDCE has an antimicrobial
activity which is independent of endopeptidase activity. We believe that this is the first known study

Keywords:

Tick

Antimicrobial peptide
Cysteine endopeptidase

to show that an arthropod enzyme has antimicrobial activity.
© 2012 Australian Society for Parasitology Inc. Published by Elsevier Ltd. All rights reserved.

1. Introduction

In oviparous species, cysteine and aspartic endopeptidases have
been consistently associated with the yolk degradation process
(Yamamoto and Takahashi, 1993; Cho et al, 1999; Bergamo
et al,, 2010). The formation of yolk within the ovary requires the
uptake of yolk precursor proteins from the hemolymph. Among
these proteins, the most prevalent is vitellogenin, which is pro-
duced in the fat body (Hagedoom and Kunkel, 1979; Fagotto,
1990, 1991; Canal et al., 1995; Seixas et al., 2010b). In the egg,
vitellins (VTs) are proteins of large molecular mass composed of
various subunits (Canal et al., 1995), and those are used in embryo
protein synthesis. In Rhipicephalus (Boophilus) microplus, three en-
zymes involved in VT degradation were described: (i) Boophilus
Yolk pro-Cathepsin (BYC, an aspartic endopeptidase) (Logullo
et al., 1998), (ii) Tick Haeme-binding Aspartic Protease (THAP)
(Sorgine et al., 2000; Pohl et al., 2008), both aspartic peptidases,
and (iii) Vitellin Degrading Cysteine Endopeptidase (VTDCE), a

* Corresponding author at: Centro de Biotecnologia, Universidade Federal do
Rio Grande do Sul, Avenida Bento Gongalves, 9500, Prédio 43421, Porto Alegre
91501-970, RS, Brazil. Tel.: +55 51 33086078; fax: +55 51 33087309.

E-mail addresses: itacbt@gmail.com, itabajara.vaz@ufrgs.br (I. da Silva Vaz Jr.).

cathepsin-L like enzyme (Seixas et al., 2003). Similarly to BYC
and THAP, VTDCE appears to be produced in the gut, transported
through hemolymph, taken up by growing oocytes and stored into
yolk granules where it is subsequently activated by acidification
(Seixas et al., 2010a). In R. microplus eggs, VIDCE was shown to
be the most active of these three enzymes in VT degradation, since
it has the highest VT-hydrolysing activity (Seixas et al., 2008). This
reinforces the hypothesis that VIDCE plays a pivotal role in yolk
protein digestion.

In parasites, besides a digestive function, cysteine endopeptid-
ases are involved in other physiological process such as host inva-
sion (Na et al, 2006), immune-evasion (Sajid and McKerrow,
2002), and moulting and metamorphosis (Lustigman et al., 1996).
Also, insect endopeptidases have been implicated in the immune
response against pathogens (Pedra et al., 2003; Tua and Lai, 2006).

Despite lacking an adaptive immune response, arthropods,
including ticks, have developed distinct defence mechanisms
against attack by pathogens (Taylor, 2006). Antimicrobial peptides
are important components in the innate immune system of these
invertebrates. Indeed, several molecules with antimicrobial activ-
ity have been characterised in different tick species. A defensin
present in the hemolymph of Dermacentor variabilisis is active
against Borrelia burgdorferi, Bacillus subtilis, Escherichia coli and

0020-7519/$36.00 © 2012 Australian Society for Parasitology Inc. Published by Elsevier Ltd. All rights reserved.
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Staphylococcus aureus (Johns et al., 1998, 2001). Ornithodoros mou-
bata has a lysozyme (Kopacek et al., 1999), a peptide (Van der Goes
van Naters-Yasui et al., 2000) and a haemoglobin fragment
(Nakajima et al., 2003) with antimicrobial activity. Arrieta et al.
(2006) showed that the egg wax of Amblyomma hebraeum contains
an antimicrobial substance that is active against Gram-positive
bacteria. Kuhn et al. (1996) detected a lectin that recognises for-
eign substances and pathogens in various tissues of Ixodes ricinus.
The R. microplus female has a steroidal molecule with antifungal
and antibacterial action (boophiline) (Potterat et al., 1997). It is
the first sterol sulphate described in an acarine (Potterat et al.,
1997). Also, a bovine hemoglobin fragment which inhibits growth
of Gram-positive bacteria and fungi was found in female R. micro-
plus hemolymph and gut (Fogaca et al., 1999). Additionally, an
antimicrobial peptide (microplusin) is present in R. microplus eggs
(Fogaca et al., 2004), and a defensin is present in hemocytes
(Fogaca et al., 2004).

Appropriate and effective tick control strategies are increasingly
important in a scenario where these arthropods represent major
economic and public health problems (Jongejan and Uilenberg,
2004; Parizi et al., 2009; Patarroyo et al., 2009). Nowadays, tick
control is based almost exclusively on chemical acaricides
(Mulenga et al., 2000). However, the massive and indiscriminate
use of these products has led to the selection of parasite popula-
tions resistant to the main drug groups available. Moreover, multi-
acaricide resistance is increasingly observed (Martins and Furlong,
2001; Castro-Janer et al., 2010; Pohl et al., 2011). This situation im-
pels efforts towards the search for potentially immune-protective
antigens that may be effectively used in vaccine development.
Several native and recombinant purified proteins have been tested
as antigens for an tick vaccine (Sonenshine et al., 2006; Parizi et al.,
2009; Almazan et al., 2012). Nevertheless, until now all vaccine
candidates have shown variable efficacy in controlling this parasite
(Willadsen, 2006; Merino et al., 2011). Therefore, the development
of an effective vaccine inducing a satisfactory protection against
tick infestations is still a challenge (de la Fuente et al., 1998; Frisch,
1999; Almazan et al., 2005; Seixas et al., in press).

The potential of VTDCE as a useful antigen for an tick vaccine
was assumed based on the hypothesis that impairing the R. micro-
plus reproduction process is a suitable strategy for tick control,
taking into account the importance of cysteine endopeptidases in
embryo nourishment. In fact, cattle inoculated with purified native
VTDCE develop an immune response that induces partial protec-
tion against R. microplus infestation (Seixas et al., 2008). The fastid-
ious purification method and the poor yield of native VTDCE
obtained from tick eggs make large scale production of native
protein unfeasible. Expression of a recombinant protein in a
suitable organism overcomes this drawback.

In this study we describe the cloning, expression, enzymatic and
immunological properties of a recombinant VTDCE (rVTDCE)
produced in E. coli. Moreover, antimicrobial activity is described
for VTDCE, which is not a function of its peptidase activity. To date
only one protease with antimicrobial activity has been described
(Bangalore et al., 1990).

2. Material and methods
2.1. Ticks

Rhipicephalus microplus females and eggs (Porto Alegre strain)
were maintained in an incubator at 28 °C and 85% relative humid-
ity, and their parasitic life was completed on calves, housed in
arthropod-insulated individual pens on slatted floors. Partially
engorged female ticks (approximately 50 mg) were manually
removed from cattle 20/21 days after the beginning of infestation

and fully engorged female ticks were obtained after detachment
from the host. New Zealand White rabbits and Hereford steers
were housed at the Faculdade de Veterinaria of the Universidade
Federal do Rio Grande do Sul, Brazil. The experiments were ap-
proved and conducted following the guidelines of the Ethics Com-
mittee on Animal Experimentation of the same university.

2.2. Protein sequencing

VTDCE was purified as previously described (Seixas et al., 2003).
Briefly, 10-day-old egg homogenate was applied in a Hitrap Q HP
(GE Healthcare, Sweden) column equilibrated with 10 mM sodium
phosphate buffer, pH 7.2, and eluted with a 0-0.8 M NaCl gradient
in the same buffer. Fractions containing VTDCE, identified by enzy-
matic activity, were concentrated in a Centricon-10 filter and ap-
plied in a 1.0cm x 30cm Superdex 75 HR (GE Healthcare)
column equilibrated with 10 mM acetate buffer, pH 4.0, using a
Fast-Purification-Liquid Chromatography system (FPLC, Pharmacia,
Sweden). The pool of active fractions was then applied in a Mono
QHR 5/5 column, equilibrated with acetate buffer (10 mM, pH
4.0). The enzyme was eluted with a 0-0.8 M NaCl gradient in the
same buffer.

For amino (N)-terminal sequence determination, a pure VTDCE
(100 pg) preparation was resolved by 14% SDS-PAGE. After electro-
phoresis, VTIDCE was transferred from the gel to a polyvinylidene
difluoride membrane. After washing with pure water for 5 min,
the membrane was stained with Coomassie Blue G250 and after
5 min the polypeptide bands were destained with 50% methanol
and 10% acetic acid. The protein band was excised, washed with
pure water for 5 min and subjected to N-terminal protein sequenc-
ing by automatic Edman degradation using a liquid phase sequen-
cer (Protein Sequencer PPSQ-23A, Shimadzu, Japan).

Alternatively, VTDCE internal peptides generated by in-solution
trypsin digestion were identified by mass spectrometry. Purified
VTDCE (50 png) was suspended in 400 mM NH4HCO; containing
8 M urea and 50 mM DTT. After incubation at 50 °C for 15 min,
the cysteine residues were alkylated through the addition of
100 mM iodoacetamide and incubated for 15 min at room temper-
ature in the dark, and the volume was adjusted to a final urea con-
centration of 1 M. Sequencing-grade trypsin (Promega, USA) was
added to the mixture at a ratio (enzyme to protein) of 1:50 and
incubated overnight at 37 °C. The resulting VTDCE peptides were
purified in home-made reverse-phase columns using Poros R2 50
resin (Applied Biosystems, USA) as described by Jurado et al.
(2007).

For MS/MS analyses, peptides were resuspended in 0.05%
formic acid and separated in a C18 capillary column (15 cm x
75 pum, Symmetric C18, Waters, USA) at a flow rate of 200 nl min~,
with a linear gradient from 5% to 40% mobile phase B within
66 min. Mobile phase A was 0.05% formic acid in 5% acetonitrile
(ACN), and mobile phase B was 0.05% formic acid in 80% ACN.
Eluted peptides were analysed online with an ESI-Q-TOF mass
spectrometer (Q-TOF Micro, Micromass, Waters), equipped with
a nanoflow ion source. The instrument settings were 3 kV for the
spray voltage, 100V for the cone voltage, 100 °C for the source
temperature and cone gas at 30 Lh~'. Spectra were collected in
the positive-ion mode.

The fragmentation spectra were analysed using the MASCOT 2.1
search engine (Perkins et al., 1999) against the sequence database
The Institute for Genome Research (TIGR) B. microplus Gene Index
(Guerrero et al., 2005).

2.3. Nucleotide sequence and phylogenetic analysis

VTDCE cDNA was cloned from R. microplus (Porto Alegre strain)
with primers based on the sequence present in Boophilus microplus
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Gene Index (BmiGI) (Wang et al., 2007). Other organism nucleotide
sequences were obtained by a BLAST search in GenBank. For anal-
yses, the following sequences were used: Ornithodoros coriaceus
EU574828.1, EU574829.1, EU574830.1, EU574878.1; Ornithodoros
parkeri EF633907.1; Argas monolakensis DQ886782.1; Boophilus
microplus AY233212.1, JQ080269; A. hebraeum AY437139.1; Ixodes
scapularis XM002410111.1, XM002410419.1, XM002400045.1,
XM002401038.1, XM002433832.1, XM002401039.1,
XM002401040.1.

Alignment of the sequences was performed using the MUSCLE
algorithm (Edgar, 2004) with the default settings in MEGA soft-
ware version 5 (Tamura et al., 2011) and results were edited using
the GeneDoc program (Nicholas et al., 1997). Phylogenies were
constructed using the Neighbour-Joining method conducted in
MEGAS5 (Tamura et al., 2011). Bootstrap support values were esti-
mated using 1,000 bootstrap replicates.

2.4. Reverse transcription (RT)-PCR of the VTDCE gene

Total RNA was extracted from ovary, salivary glands, fat body
and gut of fully and partially engorged females. Larvae, eggs and
males were also used. Before dissection, ticks were washed with
70% ethanol. Using a scalpel blade, the dorsal surface was removed
and ovaries, gut, salivary glands and fat body were dissected in
20 mM PBS, pH 7.2. Larvae, eggs and males were macerated. Total
RNA was extracted using Trizol reagent (Invitrogen, USA) accord-
ing to the manufacturer’s instructions. First-strand cDNA was syn-
thesised from 5 g of total RNA submitted to reverse transcription
(RT) with superscript II (Invitrogen), according to the manufac-
turer’s instructions. PCR amplification with Elongase (Invitrogen)
was performed using 500 ng of the RT reactions and the following
primers: (forward: 5-ATGAAAGCACTGCTATTTACCTTTCT-3’' and
reverse: 5-AAGCGATTGTTTATTGAATGTTACAC-3') to generate a
565 bp fragment comprising the full VTDCE sequence including
the pro-peptide and post stop codon regions. Actin gene amplifica-
tion was used as a constitutive gene control, using the following
primers: 5'-TGTGACGACGAGGTTGCCG-3' (forward) and 5'-GAAG-
CACTTGCGGTGGACAATG-3’ (reverse) (da Silva Vaz et al., 2005).

For VIDCE amplification, the PCR conditions were: an initial
denaturation at 94 °C for 5 min, followed by 30 cycles performed
at 94 °C for 30s, 57 °C for 30s and 68 °C for 1 min, and a final
extension step at 68 °C for 5 min. For actin amplification, PCR con-
ditions were: 94 °C for 5 min, 35 cycles at 94 °C for 30s, 60 °C for
30s, 68 °C for 90 s and a final extension step at 68 °C for 7 min
(da Silva Vaz et al., 2005). PCR products were analysed by electro-
phoresis on 0.8% agarose gel.

2.5. Cloning of the VIDCE gene

Sequence encoding the mature VIDCE protein from ovaries of
fully engorged females was amplified using the primers 5'-CAT-
GGTAGATGATCCAGATATCTGCGCT-3' (forward) and 5'-CTCGAGCG
GCCACGTCGTC-3' (reverse). The PCR product was separated by
electrophoresis on 0.8% agarose gel and the 285-bp fragment was
excised and purified using the Geneclean II Kit (Qbiogene, USA).

The amplicon was cloned in a pGEM-T vector (Promega, USA),
transformed into E. coli Top 10 strain (Promega) and plated on Lur-
ia-Bertani (LB) agar plates containing ampicillin (100 pg/mL). The
nucleotide sequence was confirmed by PCR, hydrolysis with
restriction enzymes and sequencing. For the cloning of the DNA
sequence encoding the mature VIDCE protein in the expression
vector, the plasmid pGEM-VTDCE was digested with EcoRI and Xhol
restriction enzymes and the insert was ligated into plasmid pET-
32a downstream of the gene of the fusion protein thioredoxin
(Trx) and the histidine tag (His). The plasmid pET32a-rVTDCE
was transformed into E. coli strain BL21 (DE3) Star. Transformed

cells were plated and cultivated in LB agar containing 100 pg/mL
ampicillin. The plasmid was purified and the cloned product was
confirmed by sequencing.

2.6. Expression of r'VTDCE in E. coli cells

A single colony of E. coli strain BL21 (DE3) Star transformed
with the plasmid pET32a-rVTDCE was inoculated in 20 mL of Super
Optimal Broth (SOB medium) (Hanahan, 1983) in a 500 mL Erlen-
meyer flask (Sambrook et al., 1989) with 100 pg/mL of ampicillin
and incubated overnight at 37 °C with agitation at 180 rpm. Five
millilitres of inoculum were placed in an Erlenmeyer flask contain-
ing 500 mL of SOB medium. The culture was grown at 37 °C with
shaking at 180 rpm until an 0.D.ggo of 0.6 was reached. Recombi-
nant protein expression was induced with isopropyl p-b-1-thioga-
lactopyranoside (IPTG; Fermentas, USA) at a final concentration of
1 mM and the culture was incubated at 37 °C for 2 h at 180 rpm.
After centrifugation (10,000g; 5 min) the cell pellet was resus-
pended in binding buffer (20 mM sodium phosphate buffer,
500 mM NacCl, pH 7.4) with 50 mM imidazole. Cell disruption
was achieved by sonication (Vibra Cell; Sonics & Materials Inc.,
USA) on ice in five short pulses of 30 s at 1 min intervals. Samples
were centrifuged at 10,000g for 20 min to separate soluble and
insoluble fractions which were stored at —20 °C until purification.
The recombinant protein expressed in inclusion bodies (insoluble
fraction), was solubilised as described in Section 2.7.

2.7. Purification of rVTDCE

2.7.1. Soluble fraction purification

The sample, as were all solutions used for purification, was fil-
tered through a 0.45 pm filter before being applied in an immobi-
lised Ni** affinity chromatography column HisTrap FF (GE
Healthcare). Binding buffer with 50 mM imidazole was used to
equilibrate the column. The recombinant protein was eluted in a
stepwise manner as 1 ml fractions using phosphate buffer contain-
ing 100 and 500 mM imidazole.

For removal of the fusion protein (a 6-His-Trx tag) from
r'VTDCE-Trx, thrombin was added to the protein samples and
cleavage was allowed to proceed for 2 h at room temperature. After
thrombin cleavage, the 6-His-Trx tag portion was removed by a
second Ni2* affinity chromatograph. The unbound fraction contain-
ing the untagged rVTDCE was dialysed in PBS and concentrated in
Amicon Ultra-4 10 kDa (Millipore, USA). Alternatively, after throm-
bin cleavage the products of hydrolysis were not separated by
chromatography, so that the rVTDCE preparation contained a
mixture of untagged rVTDCE and 6-His-Trx. Protein samples were
analysed by 12% SDS-PAGE using Coomassie Blue G-250 for
staining and BSA as standard for protein quantification. rVTDCE
was quantified by gel scanning and analysed by software Image ]
(Abramoff et al., 2004).

2.7.2. Inclusion bodies solubilisation

Solubilisation of inclusion bodies was evaluated using two dif-
ferent denaturant agents: 8 M urea and 6 M guanidine hydrochlo-
ride. The insoluble fraction was resuspended with washing buffer 1
(50 mM Tris-HCI, pH 7.4, 100 mM Na(l, 1% triton X-114, 1 M urea),
and centrifuged at 8,000g for 10 min at 4 °C. Supernatant was
removed and this step repeated. Washing buffer 2 (20 mM
Tris-HCI, pH 7.4, 250 mM NaCl, 1% triton X-114, 2 M urea) was
used to resuspend the pellet, and after centrifugation the superna-
tant was removed. The pellet was resuspended in PBS to remove
any residue of washing buffer before the solubilisation process.
The pellet was then resuspended in denaturing buffer (20 mM
sodium phosphate, pH 7.4, 500 mM NaCl, 8 M urea or 20 mM
Tris-HCl, pH 8.0, 500mM NaCl, 5mM imidazole, 1 mM
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B-mercaptoethanol, 6 M guanidine hydrochloride). After 1 h with
constant agitation at room temperature, the supernatant was col-
lected and the solubilisation yields were analysed by 12% SDS-
PAGE.

2.8. Preparation of anti-rVTDCE serum

Anti-rVTDCE serum was obtained by rabbit immunisation with
slices of polyacrylamide gels containing rVTDCE after separation by
electrophoresis. The slice was macerated and mixed with oil adju-
vant (Montanide 888 and Marcol 52) in a total volume of 1 mL. The
rabbit was inoculated s.c. three times at 15 day intervals.

Cattle were immunised with 200 pig of rVTDCE emulsified in the
same oil adjuvant as used for rabbit immunisation. To obtain the
polyclonal serum, four inoculations were carried out at 21 day
intervals. The specific rabbit and bovine immune responses to
rVTDCE were analysed by Western blot.

Blood was collected from immunised and control animals, the
blood clot removed and sera cleared of red cells by centrifugation
(5,000g/10 min). Serum was stored at —20 °C.

2.9. Western blot analysis

Protein samples were subjected to 14% SDS-PAGE under reduc-
ing conditions. Gels were stained with Coomassie brilliant blue G-
250 or transferred to a nitrocellulose membrane for Western blot
analysis. Membranes were blocked with 5% non-fat dry milk-PBS
and incubated with VIDCE or rVTDCE anti-sera diluted 1:100.
Anti-IgG alkaline phosphatase conjugates were used as secondary
antibody. Development was performed in a dark chamber with ni-
tro blue tetrazolium (NBT, Sigma, USA) and 5-bromo-4-chloro-3-
indolyl phosphate (BCIP, Sigma).

2.10. Enzyme activity assay

Samples were incubated in 50 mM sodium citrate/sodium phos-
phate buffer, pH 3.5, 20 mM DTT and 28 uM of fluorogenic sub-
strate N-Cbz-Phe-Arg-MCA in a final volume of 100 pL. After
incubation, end point fluorescence was monitored on a Spectramax
Microplate Reader (Molecular Devices Corporation, USA) using
370-460 nm as the wavelength pair for excitation and emission.
To release rVTDCE from the 109 amino acid fusion protein, hydro-
lysis of the recombinant protein was performed with thrombin.
The fraction obtained after purification was incubated with
0.05 U of thrombin (Sigma) for 2 h at 37 °C.

In order to characterise rVTDCE sensitivity to peptidase inhibi-
tors, the recombinant protein was incubated with the assay buffer
in the presence or absence of each inhibitor for 10 min at 37 °C
before addition of the fluorogenic substrate. Inhibitors tested were
E-64 (0.01 mM), leupeptin (0.01 mM), phenylmethanesulfonylfluo-
ride (PMSF) (0.1 mM) and pepstatin A (0.001 mM). Tagged VIDCE
(rVTDCE + Trx), with untagged rVTDCE in the presence of the
6-His-Trx tag (rVTDCE/Trx) and a purified bacterial extract con-
taining a pET32a vector were used as controls.

2.11. Antimicrobial activity assay

Staphylococcus epidermidis ATCC 35984 and Pseudomonas aeru-
ginosa strain PA14 (Rahme et al., 1995) were grown in LB broth at
37°C on a rotary shaker (150rpm) (Incubator Shaker Series
Excella E25, New Brunswick Scientific, USA). Overnight cultures
were adjusted to an O.D. at 600 nm equivalent to 108 colony
forming units (CFU)/mL and treated with either 5.5 pmol of
tagged rVTDCE, untagged rVTDCE in the presence of the 6-His-
Trx tag or untagged rVTDCE and purified Trx. Thrombin, rifampi-
cin or equivalent volumes of PBS were used as controls in

standard sterile 96 well polystyrene flat bottom microtiter plates
(Costar 3599, Corning, USA) Bacterial growth was evaluated as
the difference between initial (t=0) and final (t=24h) absor-
bance at 600 nm (Musk et al., 2005). PBS was considered as a po-
sitive control of bacterial growth and rifampicin (16 pg/mL, Sigma
Aldrich) and gentamicin sulphate (16 pg/mlL, Sigma Aldrich) were
utilised as controls for inhibition of the bacterial growth of S. epi-
dermidis and P. aeruginosa, respectively. The statistical analysis
was performed using a Student’s t-test, with P <0.05 considered
significant.

3. Results
3.1. Native VIDCE amino acid sequence

The native VIDCE N-terminal sequence determined by Edman
degradation is VDDPDICAFDDVKLGILMRCVREKAW (Fig. 1). Addi-
tionally, LC-MS/MS fragmentation spectra analysis of the native
VTDCE resulted in the identification of three internal tryptic pep-
tides: EKAWLMLR, YMKPKPR and REFWEIAK (Fig. 1).

3.2. VTDCE sequence and phylogenetic analysis

The N-terminal amino acid and three internal peptide se-
quences of the native protein were used for searching in GenBank
and the BmiGI. Using these queries, a complete cDNA sequence as-
signed as a conserved hypothetical protein was found (BmiGI
TC21162). The exact correspondence of its deduced amino acid se-
quence with the N-terminal and internal peptides of VTDCE native
protein showed that TC21162 actually corresponds to the VTDCE
gene (Fig. 1).

VTDCE cDNA (GenBank Accession No. JQ080269) comprises an
open reading frame encoding 113 amino acids, of which the first
is the N-terminal methionine, in the preprotein. A molecular mass
of 12,907 Da and pl of 5.64 were calculated. A deduced pro-peptide
of 21 amino acids was identified using the ProP 1.0 Server (Duckert
et al., 2004). The mature enzyme has 92 amino acids with a molec-
ular mass of 10,656 Da (Fig. 1). The amino acid sequence of the na-
tive enzyme determined by Edman degradation and that deduced
from the cloned cDNA sequence obtained from BmiGI were ob-
served to match perfectly.

Despite the fact that peptidase activity of native and recombi-
nant VTDCE is inhibited by E-64, very low sequence similarity with
cysteine peptidase was observed. In fact, BLAST searches using the
complete VIDCE sequence in GenBank and BmiGI databases
showed that the deduced VTDCE primary sequence was similar
to other tick protein sequences which were annotated as conserved
hypothetical proteins or similar to microplusin (AY233212.1), a
tick antimicrobial protein (Fogaca et al., 2004).

Besides the low amino acid identity observed when comparing
VTDCE with other tick protein sequences (Fig. 2) and cysteine
endopeptidases, a remarkable similarity in the amino acid physico-
chemical characteristics was clearly observed. Moreover, regularly
spaced cysteine residues can be found in VTDCE and microplusin-
like proteins, and this arrangement is also conserved in Entamoeba
histolytica cysteine endopeptidase sequences (Supplementary
Fig. S1). A phylogenetic analysis of proteins with similarity to
VTDCE was constructed based on amino acid sequences (Fig. 3).
The phylogenetic tree revealed two protein clades: one clade,
including VTDCE and hypothetical proteins from I. scapularis, and
another formed by microplusin, hebraein and other similar pro-
teins. Surprisingly, in spite of the unequivocal VTDCE characterisa-
tion as a cysteine endopeptidase, very low similarity was found
with cysteine endopeptidase sequences.
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F e e e A [——
1 gtg aac ggc tca caa aaa cgc acc ATG AAA GCA CTG CTA TTT ACC 45
1 Met Lys Ala Leu Leu Phe Thr 07
46 TTT CTT GCA ATC TGC TCG TAC GGA TTT GTT TCG GTG TCG GCT GTA 90
08 Phe Leu Ala Ile Cys Ser Tyr Gly Phe Val Ser Val Ser Ala 22
91 GAT GAT CCA GAT ATC TGC GCT TTC GAC GAT GTC AAG CTT GGA ATC 135
23 s 37
136 TTG ATG AGA TGC GTG AGG GAG AAG GCC TGG CTC ATG CTT CGC AAC 180
38 Cys Val Arg Glu Lys Ala Trp Leu Met Leu Arg Asn 52
181 GGG CTT GAC CAC CTG CTC CAC GTC TAC CAG TGC CAG AGT GAC ACA 225
53 Gly Leu Asp His Leu Leu His Val Tyr Gln Cys Gln Ser Asp Thr 67
226 TGT GTT TTC AAC AAG ATA TGC GAC GAA GGA GAC GTT ACA ACT GCT 270
68 Cys Val Phe Asn Lys Ile Cys Asp Glu Gly Asp Val Thr Thr Ala 82
271 TTG AAT AAA TAC ATG AAG CCC AAG CCT CGC AGA GAG TTC TGG GAA 315
83 Leu Asn Lys Tyr Met Lys Pro Lys Pro Arg Arg Glu Phe Trp Glu 97
316 ATA GCA AAG AAG TGC GAG AAA GAA CTG CCT CCC GAC GAC GTG GCC 360
98 Ile Ala Lys Lys Cys Glu Lys Glu Leu Pro Pro Asp Asp Val Ala 112
361 GCT TGA cca tgc ttc cct aca att gca ctc cgt cgc ctg caa tca 405
113 Ala End 113
406 gtt gcc tag aat tgc tgt act ctt ctt gtg ccc gtg ctc ttt gtg 450
451 aga aac att gga gac ttc tgt tca cat ata acg caa tag cat tga 495
496 atg ttg tgc tga tgc tca aaa ctt gac aaa ata taa tca cgt gat 540
541 ttg tca aag tag tat gcc aaa ttg tgt aac att caa taa aca atc 585
586 gct 588

Fig. 1. Nucleotide and deduced amino acid sequences of Rhipicephalus microplus Vitellin Degrading Cysteine Endopeptidase (VTDCE) cDNA. Propeptide is double underlined;
N-terminal amino acid sequence determined by Edman degradation is shaded in black. The amino acid sequences of three internal peptides determined by mass spectrometry

are shaded in light grey.

3.3. VIDCE transcription analysis

To determine the expression profile of the VIDCE gene, total
RNA samples from two tick development stages and different tis-
sues were subjected to RT-PCR using primers designed for VTDCE
and the constitutive actin gene. VIDCE mRNA transcripts were
not detected in eggs, larvae or adult males (data not shown).
Expression was detected in salivary glands, gut, ovary and fat body
of partially (20/21 days after infestation) and fully engorged female
ticks (obtained after detachment from the host) (Fig. 4).

3.4. VIDCE gene cloning and rVTDCE expression

VTDCE cDNA was successfully cloned, and rVTDCE expression
was achieved by bacterial growth in SOB medium at 37 °C, under
constant agitation (160 rpm) for 2 h after induction with 1 mM
IPTG. More than 80% of the rVTDCE was detected in the insoluble
fraction as inclusion bodies. The pET32a vector adds a 109 amino
acid Trx-protein tag and a 6-aa His-Tag to the recombinant protein,
so the molecular mass of rVTDCE-Trx was 29.1 kDa.

3.5. rVTDCE purification

Soluble rVTDCE was efficiently purified by Ni**-affinity chroma-
tography. rVTDCE was eluted with 100 and 500 mM imidazole, pH
7.4. As 500 mM imidazole eluted fractions showed the highest
VTDCE amount with an absence of contaminating proteins, they
were pooled and used as a pure VTDCE preparation. Regarding pro-
tein recovery from inclusion bodies, solubilisation with guanidine

hydrochloride was more efficient, producing a purer rVTDCE com-
pared with the urea-solubilised preparation (Fig. 5).

3.6. r'VIDCE enzymatic activity

r'VTDCE was able to hydrolyse gelatin and N-cbz-Phe-Arg-MCA,
the same natural and synthetic substrates used to evaluate the
activity of the native enzyme (Seixas et al., 2003). Cleavage of the
fusion protein6-His-Trx tag resulted in a 30% increase in activity
(Fig. 6). SDS-PAGE analysis of rVIDCE treated with thrombin
showed two fragments at approximately 20 and 14 kDa (Fig. 6; in-
sert). Specific cysteine endopeptidase inhibitors, E-64 and leupep-
tin, totally inhibited the recombinant enzyme (Fig. 6). A control
using similarly purified extracts of E. coli containing a pET32a plas-
mid without insert did not show any enzymatic activity.

3.7. Antimicrobial activity

Staphylococcus epidermidis and P. aeruginosa grown in the pres-
ence and absence of VTDCE were evaluated over a period of 24 h.
VTDCE significantly inhibited (P < 0.05) S. epidermidis growth at
5.5 pmol (Fig. 7).The rVTDCE without fusion protein was shown
to have greater antimicrobial activity (81% of inhibition) than
r'VTDCE fused to Trx (45% inhibition) (Fig. 7). Interestingly, the
presence of a 6-His-Trx tag in the assay interfered with rVTDCE
antimicrobial activity (Fig. 7; rVTDCE/Trx). In contrast, VTDCE did
not inhibit P. aeruginosa growth (data not shown). The rVTDCE
antimicrobial activity remained constant, even in the absence of
enzymatic activity induced by freezing and thawing, showing that
both are independent properties.



640 D.P. Oldiges et al./International Journal for Parasitology 42 (2012) 635-645
* 2 O *
XM 002401038 : MKSRRKSSGLKPGINJR T 46
XM_ 002401040 : S 24
XM_002401039 A 37
VTDCE A 40
XM 002400045 .8 37
XM 002433832 Y 37
XM 002410419 F 37
AY233212.1 S 38
AY437139.1 S 38
XM_0024101 S 37
DQ886782.1 .S 37
EU574829.1 & ===--------mmm—mm————mmm———— oo VER 16
EU574828.1 S 37
EU574830.1 S 37
EU574878.1 S 37
EF633907.1 S 37
XM 002401038 : 84
XM_ 002401040 HSH |-ENP . @DEGWOKFI#T ;72
XM_002401039 .URFl RRHADMAEQIFHATI®S : 86
VTDCE NKM [-D . GDYTTABNKYYK : 88
XM 002400045 RKW |- EQGTENTPISSQIT : 86
XM 002433832 .REKA E - SHKK - - AHIBAVTI#T ;83
XM 002410419 EfVK: RKM |- GOADFEETI#QQHIP : 85
AY233212.1 N RKU [-AT. NIBEQANISVYRRT : 86
AY437139.1 BN RKN |-EG.DIBEGANAKYRT ;86
XM_0024101 SHEEK GKN |- KAGDIDEAIRKKHIFT : 85
DQ886782.1 . QYNR KKN |- DAPDIJLTEMRKYRT : 85
EU574829.1 . QNG RKN |- ADPDIJVSVIERMY| ;64
EU574828.1 . QYNR RKN |-2. PDIJVSARMY| : 85
EU574830.1 . QYNR RKHN |-2. PDIJVSAIRMY| ;83
EU574878.1 . R RKY |-A. PDIFETARKK YT : 85
EF633907.1 R RKY [-A . PDIFLTARKRFIRT : 85
XM 002401038 : AKILEVEEGHESH NSAS------------------—- ;102
XM_ 002401040 PQDQSSR HIEQSNMQWILAFFQ : 110
XM_002401039 TKWHPIL WILDFFF-------- : 116
VTDCE KELPPDD AA----------~~-~ ;113
XM 002400045 Q.HP-------=-==——-=—— -~ : 105
XM 002433832 AVPTKTS NFIVAWIKSWFA--- ;118
XM 002410419 HLGNLVY GGDP----------- ;112
AY233212.1 PEAHHEH H-------------- ;110
AY437139.1 PDARHDH HDHGHGHGHDHDPH- ;123
XM_0024101 HSHGHEH HGHGHH--------- ;114
DQ886782.1 PDAHHDH HCHPH---------- ;113
EU574829.1 VNAHHVM - === -===------- ;87
EU574828.1 VNAHHDM - =---=-==------~ : 108
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Fig. 2. Amino acid sequence comparison and alignment of Rhipicephalus microplus Vitellin Degrading Cysteine Endopeptidase (VTDCE; JQ080269) and various tick
antimicrobial peptides. Proteins were colour-coded according to different physicochemical properties using the software GeneDoc (Nicholas et al., 1997). Alignment shading
is based on the physicochemical properties group analysis, wherein each column in the alignment is assigned to one of the twelve predefined groups of physicochemical
properties. These twelve groups represent three overlapping hierarchies of size, the electrical charge for the polar amino acids, and the aromaticity for non-polar amino acids:
proline (P): blue on a red background; glycine (G): green on a red background; tiny amino acids (AGS): blue on a yellow background; small amino acids (VCAGDNSTP): green
on a yellow background; positive amino acids (HKR): red on a blue background; negative amino acids (ED): green on a blue background; charged amino acids (HKRED): white
on a blue background; amphoteric amino acids (HREQDN): red on a green background; polar amino acids (YWHKREQDNST): black on a green background; aliphatic amino
acids (ILVA): red on a grey background; aromatic amino acids (FYWH): blue on a grey background and hydrophobic amino acids (ILVCAGMFYWH): white on a black
background. The cysteine residues are boxed. Accession numbers: Ornithodoros coriaceus EU574828.1, EU574829.1, EU574830.1, EU574878.1; Ornithodoros parkeri
EF633907.1; Argas monolakensis DQ886782.1; Boophilus microplus AY233212.1; Amblyomma hebraeum AY437139.1; Ixodes scapularis XM002410111.1, XM002410419.1,

XM002400045.1, XM002401038.1, XM002433832.1, XM002401039.1, XM002401040.1.

3.8. r'VIDCE immunogenicity

r'VTDCE was shown to be immunogenic in both rabbit and bo-
vine models. The specificity of the anti-rVTDCE antibodies was as-
sessed by Western blot analyses using purified VIDCE from R.
microplus eggs with sera from bovines and rabbits immunised with
rVTDCE. Native VTDCE was recognised by sera of the animals
immunised with rVTDCE (Fig. 8), showing that antibodies induced
by rVTDCE immunisation recognise native R. microplus protein.
Western blot analyses showed that antibodies against r'VTDCE were
not detected in non-vaccinated infested bovines (data not shown).

4. Discussion

Cysteine cathepsins are members of the C1 family of papain-like
enzymes, the largest and best characterised family of cysteine

peptidases which includes, among others, papain and related plant
enzymes, parasite and helminth peptidases, insect homologs of pa-
pain, trematode cysteine peptidases, viral peptidases and lyso-
somal cysteine cathepsins (Turk et al., 2012). Due to the critical
role of cysteine peptidases during the initial life cycle or to the
pathogenicity of parasites, those are considered as potential targets
for drugs and vaccines in parasite control strategies (Sajid and
McKerrow, 2002; Loukas et al., 2004).

As highlighted previously, together with BYC and THAP, VTDCE
plays a role in R. microplus embryo nutrition during development
(Logullo et al., 1998; Sorgine et al., 2000; Seixas et al., 2003). As
well as VTDCE, BmCL1 (Renard et al., 2000) is a cathepsin L-like en-
zyme, identified in R. microplus (Renard et al., 2000; Estrela et al.,
2010). However, VTDCE and BmCL1 are distinct enzymes, differing
in their optimum pH and substrate specificity (Renard et al., 2000;
Seixas et al., 2003). Also, BmCL1 differs from VTDCE; although
showing in vitro activity on VT, it is not involved in embryogenesis
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Fig. 3. Phylogenetic analyses based on Rhipicephalus microplus Vitellin Degrading Cysteine Endopeptidase (VTDCE; JQ080269) and tick antimicrobial peptides. The amino acid
sequences from these organisms were obtained from GenBank. Accession numbers: Ornithodoros coriaceus EU574828.1, EU574829.1, EU574830.1, EU574878.1; Ornithodoros
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Fig. 4. Transcription profile of Rhipicephalus microplus Vitellin Degrading Cysteine
Endopeptidase (VTDCE) mRNA and actin from different tissues/stages determined
by reverse transcription-PCR. Total RNA was extracted from fat body (FB), ovary (0),
gut (G) and salivary glands (SG) of partially (20/21 days after infestation) and fully
engorged females (after detachment from the host). VIDCE and actin amplicons are
565 and 1,100 bp in size, respectively.

Fig. 5. Solubilisation of inclusion bodies of recombinant Rhipicephalus microplus
Vitellin Degrading Cysteine Endopeptidase (rVTDCE). Twelve percent SDS-PAGE of
fractions solubilised with 6 M guanidine (Lane 1) or 8 M urea (Lane 2) are shown. A
Western blot shows fractions solubilised with 6 M guanidine (Lane 3) with 8 M urea
(Lane 4) and probed with rabbit serum against VTDCE.

and seems to play a role in hemoglobin hydrolysis during blood
meal digestion (Renard et al., 2002; Cruz et al., 2010). VTCDE is ac-
tive against VT and other proteins such as hemoglobin, albumin
and gelatin. It hydrolyses some synthetic substrates, particularly
those with hydrophobic amino acids at P; and P, (Seixas et al.,
2003). VIDCE is present in the R. microplus gut and ovary. In the
gut, VIDCE is present in the basal lamina and basophilic cells. In
ovaries, it is found in the membranes of ovarian pedicel cell vesi-
cles. There is evidence showing that VTDCE, as well as VT and other
VT hydrolysing enzymes, is produced in the gut and then trans-
ported through the hemolymph to be taken up by growing oocytes
(Seixas et al., 2010a,b, in press).

Using partial amino acid sequences from Edman sequencing
and data from mass spectrometry, we successfully identified the
full amino acid sequence of VIDCE in GenBank and BmiGI dat-
abases (Fig. 1). Multiple alignment of the deduced amino acid se-
quence of VTDCE and other endopeptidases showed a low
similarity. However, the distribution pattern of amino acid physi-
cochemical properties in VTDCE is similar to that of other cysteine
endopeptidases and some I. scapularis hypothetical proteins. Sur-
prisingly, the VTDCE amino acid sequence is similar to some tick
antimicrobial peptides (Supplementary Fig. S1).

To confirm that the cysteine endopeptidase activity observed
was from VIDCE and not due to a diminutive contamination of a
very active enzyme present in the native VIDCE preparation, we
produced a recombinant protein to prevent the recombinant en-
zyme from being contaminated by any tick egg protein. When
compared with native VIDCE (Seixas et al., 2003, 2010b), the
r'VTDCE showed similar VT- and synthetic substrate-hydrolysing
activity, and inhibitor sensitivity. In this sense, the enzymatic pro-
file of r'VTDCE shows that, despite its unusual amino acid sequence,
this protein exerts endopeptidase activity. Considering the distri-
bution pattern of the cysteines along the molecule, VTDCE has sim-
ilarities with E. histolytica cysteine endopeptidases. These E.
histolytica enzymes are more closely related to each other than to
any other cysteine endopeptidase sequence, and they are unique
when compared with cathepsins of higher eukaryotes (Bruchhaus
et al., 2003).

Antimicrobial peptides form a primitive immune defense mech-
anism in eukaryotic organisms (Reddy et al., 2004). Interestingly,
the VIDCE amino acid sequence has similarity with microplusin,
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Fig. 7. Effect of the recombinant Rhipicephalus microplus Vitellin Degrading Cysteine Endopeptidase (rVTDCE) on Staphylococcus epidermidis ATCC 35984 growth. Tagged
VTDCE (5.5 uM) (rVTDCE + thioredoxin (Trx)), untagged rVTDCE in presence of the histidine-Trx (6-His-Trx) tag (5.5 uM) (rVTDCE/Trx), purified Trx (5.5 uM), thrombin,
rifampicin and PBS were used as controls. The mean values of triplicate independent experiments and S.D.s are shown. x represents significant difference compared with

untreated sample (control for bacterial growth) (Student’s ¢ test, P < 0.05).

an antimicrobial peptide characterised in R. microplus (Fogaca
et al.,, 2004), and with other microplusin-like peptides (Fig. 2).
Arthropod antimicrobial peptides properties have been the sub-
ject of several studies (Nakajima et al., 2001; Kuhn-Nentwig, 2003;
Esteves et al., 2009). Most antimicrobial peptides described to date
are small and specialised peptides (Ganz, 2003). Indeed, in ticks
and other arthropods, several peptides have antimicrobial activity
against bacteria and fungi (Nakajima et al.,, 2003; Zhang et al.,
2011). However, an increasing number of antimicrobial peptides
are derived from proteins whose functions are not directly associ-
ated with antimicrobial defense (Zasloff, 2002; Fernandes et al.,
2003). For example, a silkworm has a protein that is 50-60% simi-
lar to the c-type insect lysozymes without catalytic activity, but

with a bacteriostatic effect against E. coli and Micrococcus luteus
(Gandhe et al., 2007). Also, R. microplus releases a peptide with
antimicrobial activity from bovine hemoglobin (Fogaca et al.,
1999).

VTDCE amino acid sequence similarity with antimicrobial pro-
teins is a striking feature. Although VTDCE does not present a high
amino acid identity to antimicrobial tick proteins, it has a high de-
gree of conservation in the chemical properties among amino acid
residues (Fig. 2). This impels the hypothesis that it has antimicro-
bial activity. Indeed, rVTDCE showed antimicrobial activity against
S. epidermidis (Fig. 7). Antimicrobial peptides from other tick spe-
cies have already been reported in the literature. An antimicrobial
protein, named hebraein, was purified from the hemolymph of fed
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Fig. 8. Antigenicity analysis of Rhipicephalus microplus Vitellin Degrading Cysteine
Endopeptidase (VTDCE) and recombinant VTDCE (rVTDCE). Western blot of native
(A) and recombinant (B) proteins probed with (Lane 1) rabbit serum raised against
VTDCE, (Lane 2) rabbit serum raised against rVTDCE, (Lane 3) bovine serum raised
against VTDCE and (Lane 4) bovine serum raised against rVTDCE. Sizes in kDa are
indicated.

female A. hebraeum (Lai et al., 2004). In the study, native hebraein
and its recombinant form displayed antimicrobial activities against
the Gram positive bacterium S. aureus, the Gram negative bacte-
rium E. coli, and the fungus Candida glabrato (Lai et al., 2004). Yu
and colleagues (2006) showed that ixosin, a peptide isolated from
the salivary glands of the hard tick, Ixodes sinensis, exhibited inhib-
itory activity against E. coli, S. aureus and Candida albicans. A tick
salivary gland antimicrobial peptide, named Rhamp (Rhipicephalus
haemaphysaloides antimicrobial peptide), has antimicrobial activity
based on peptidase inhibitory activity (Zhang et al., 2011). Recom-
binant Rhamp inhibits the growth of Gram negative bacteria,
including P. aeruginosa, Salmonella typhimurium and E. coli (Zhang
et al., 2011). Microplusin, an antimicrobial peptide isolated from
R. microplus, showed inhibitory activity against Gram positive bac-
teria (such as M. luteus, Bacillus subtilis, B. megaterium and S. epide-
rmidis), filamentous fungi (Aspergillus flavus, A. fumigatus, A. niger,
Fusarium sp.), and yeasts (Cryptococcus neoformans and Saccharo-
myces cerevisiae) (Fogaca et al., 2004; Silva et al., 2009).
Moreover, antimicrobial activity is also displayed by denatured
VTDCE (without endopeptidase activity). This demonstrates that
the antimicrobial activity does not rely on the enzymatic activity,
suggesting that the two types of activity are independent, and that
the protein dual activity is involved in two distinct functions: (i) as
an enzyme involved in VT hydrolysis during embryogenesis, and
(ii) as a participant in defense mechanisms against pathogens.
Although several antimicrobial peptides have been described to
date, there is only a single report on an antimicrobial peptide
which also has enzyme activity: a cathepsin G from human neutro-
phils (Bangalore et al., 1990). Clearly, Bangalore et al. (1990) dem-
onstrated that this antimicrobial activity does not depend on
peptidase activity, since treatment with an irreversible serine
protease inhibitor or digestion with clostripain did not abolish
antimicrobial activity. Some research groups had already arrived
at the conclusion that changes in peptide structure do not abolish
antimicrobial activity. Two human defensins, human defensin 5
(de Leeuw et al., 2007) and B defensin (Schroeder et al., 2011), have
been shown to maintain antimicrobial activity despite modifica-
tions in peptide structure. Also, a frog palustrin-2 family peptide
has antimicrobial activity independently of disulphide bond
formation or reduction (Iwakoshi-Ukena et al., 2011). These data
agree with the observation that denaturation of rVTDCE, induced

by freezing and thawing, inhibits enzymatic but not antimicrobial
activity.

After expression, r'VTDCE was obtained in both soluble and
insoluble forms. The soluble form was used as starting material
for further characterisation of enzymatic and antimicrobial activi-
ties. As the native enzyme, the rVTDCE showed activity on N-CBZ-
Phe-Arg-MCA, a synthetic peptide substrate, and gelatin, a protein
substrate (data not shown). The inhibitory profile observed (Fig. 6)
is in accordance with an enzyme belonging to the cysteine endo-
peptidase sub-sub-class (EC. 3.4.22.). Even after the fusion protein
removal, the specific activity of the soluble rVTDCE is lower than
that of the native enzyme, suggesting that the recombinant en-
zyme might not be correctly folded. This could be a consequence
of the DNA construct used, since it corresponds only to the mature
enzyme without the pro-peptide and has an additional non-VTDCE
sequence (Trx and a His polymer). This is consistent with the fact
that some enzymes expressed without their pro-region sequence
have lower activity than enzymes expressed with their pro-region
(Ogino et al., 1999). Indeed, it is known that the presence of the
cysteine endopeptidase pro-region sequence can act as an intramo-
lecular chaperone to assist a proper folding (Sajid and McKerrow,
2002). Also, the 6-His-Trx tag interference in rVTDCE activity could
be due to an association between these two proteins (Fig. 7;
rVTDCE/Trx). Cura et al. (2008) observed that the permanence of
the tag protein in the same solution changes recombinant protein
properties.

The expression profile, immunolocalisation (Seixas et al., 2010a)
and enzymatic activity (Seixas et al., 2003, 2010a) suggested that
VTDCE participates in reproduction and embryo development
(Seixas et al., 2003, 2010a). Western blot and enzymatic activity
experiments (Seixas et al., 2010a) showed VTDCE is present in ova-
ries of females recently detached; ovaries of females 3 days after
detachment; during embryonic development: 1, 3, 7, 12 and,
20 day-old eggs; young (5day-old) larvae; and old unfed
(20 day-old) larvae. This tissue and developmental stage distribu-
tion is consistent with a role in reproduction and embryo develop-
ment (Seixas et al., 2010a). Accordingly, immunisation with native
VTDCE induces a protective immune response which impairs tick
reproduction (Seixas et al., 2003, 2008). Concerning immunogenic-
ity, similar to the native form, rVTDCE was able to induce an im-
mune response in rabbits and cattle. Since VTDCE is not present
in the saliva (Seixas et al., 2010a) and VTDCE antibodies were not
produced by cattle after tick infestation (data not shown), VTDCE
may be classified as a concealed antigen (Willadsen et al., 1993).
Since the native protein is recognised by polyclonal antibodies pro-
duced against rVTDCE (Fig. 8), it is plausible to suppose that
r'VTDCE can also be useful as an antigen in an anti-tick vaccine.

In conclusion, this report describes the characterisation of a
protein from R. microplus that is atypical in its structural and func-
tional characteristics. In this sense, this protein seems to be highly
important to tick physiology, since it has two independent activi-
ties (antimicrobial and enzymatic), and putatively has a dual role:
acting in embryo nutrition and defense against pathogens.
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4 DISCUSSAO

O estudo da proteina VITDCE tem pelo menos nove anos de existéncia, iniciando
com a caracterizagdo feita por Seixas et al. em 2003. A VTDCE obtida a partir de ovos de
10 dias de R. microplus possibilitou alguns estudos que contribuiram para a compreensio
da fisiologia deste carrapato. A necessidade de dados complementares aos estudos de
caracterizacdo desta enzima, que necessitam de grande quantidade de material, impeliram a

busca pela obtencao de sua forma recombinante.

O trabalho descrito no corpo desta dissertacdo inicia-se com a determinagdo da
sequéncia de aminoacidos de peptideos pertencentes a VIDCE, a partir de uma preparagao
da enzima nativa obtida segundo protocolo estabelecido anteriormente (SEIXAS et al.,
2003). Com estas sequéncias de aminoacidos e os dados de sequéncia de cDNA
disponiveis em bancos de dados foi obtida a sequéncia nucleotidica de sua ORF completa
(Figura 1). Surpreendentemente, os resultados das analises revelaram que a VTDCE,
embora possua atividade caracteristica de cisteino endopeptidases, tem maior similaridade
com peptideos antimicrobianos (Figura 2) do que com outras enzimas, mesmo cisteino
endopeptidases. Essa caracteristica sugere que a VIDCE pode ter uma funcao adicional a
sua funcdo ja caracterizada na digestdo da VT durante a embriogénese (SEIXAS et al.,
2003). A analise filogenética feita mostra que a VITDCE se enquadra em um clado distinto
daquele no qual estdo os peptideos antimicrobianos do tipo microplusina e hebraina
(Figura 3). A VIDCE se encaixa em um clado onde estdo diversas proteinas hipotéticas,
sugerindo que organismos de outras espécies apresentem moléculas como a VIDCE, mas

que estas ainda nao foram descritas.
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O conhecimento do sistema imune dos carrapatos ainda apresenta grandes espagos
a serem preenchidos, mas de maneira geral ¢ um sistema imune inato, no qual peptideos
antimicrobianos cumprem papel importante. A caracteristica indicada pela andlise da
sequéncia de aminoacidos da VTDCE, isto ¢, agdo antimicrobiana, foi confirmada usando
como modelo uma bactéria Gram positiva e uma Gram negativa, respectivamente:
Staphylococcus epidermidis ATCC 35984 e Pseudomonas aeruginosa cepa PA14. A
rVTDCE foi ativa apenas contra a bactéria Gram positiva S. epidermidis, sendo que em
uma concentracdo de 5,5 pumol verificou-se 81% de inibi¢do (Figura 7). A atividade
antimicrobiana encontrada pode ser ter crucial para a defesa do organismo, mas nao

diminui o fato de que sua atividade peptidasica é importante para a digestdo de Vt

(SEIXAS et al., 2003).

A andlise da sequéncia de aminoacidos incomum para uma atividade enzimatica
sugere que esta proteina apresenta estrutura secunddria semelhante a peptideos
antimicrobianos. Entretanto, mesmo assim a VIDCE possui atividade enzimatica. Os
resultados obtidos excluem decisivamente a possibilidade de que a sequéncia de
aminoacidos obtida decorresse de contaminantes no material sequenciado. O primeiro
resultado que descarta a hipdtese de contaminacdo ¢ o fato de que soro de animais
imunizados com a forma recombinante ¢ capaz de reconhecer a proteina forma nativa e
vice-versa (Figura 8). O segundo dado que descarta a possibilidade de contaminagdo ¢ o
fato de a proteina recombinante possui atividade enzimatica sobre o substrato N-cbz-Phe-

Arg-MCA (Figura 6), o mesmo substrato utilizado na caracterizagdo da VTDCE nativa.

No que concerne a caracterizacdo bioquimica da VTDCE recombinante, ela
apresenta atividade catalitica sobre o substrato fluorogénico N-cbz-Phe-Arg-MCA, bem

como ¢ inibida por E-64 e leupeptina (Figura 6), dados similares aos obtidos por Seixas (et
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al.,, 2003) com a enzima nativa € que a caracterizam como cisteino endopeptidase . A
dificuldade em expressar proteinas eucaridticas, que tenham atividade enzimatica, em
organismos procariotos ¢ conhecida e ¢ explicada pelo fato de muitas das modificagdes
pos-traducionais necessarias para atividade bioldgica de enzimas eucaridticas ndo sio
realizadas por procariotos (BORISJUK et al., 1999). Além da expressdo em organismo
procariotico poder afetar a estrutura tridimensional, e consequentemente a atividade
enzimatica. Ademais, no caso da VITDCE recombinante obtida neste trabalho pode haver
uma segunda dificuldade para o enovelamento correto da VTDCE recombinante: a
presenca de uma proteina de fusdo grande. A construcdo utilizada no trabalho faz uso do
vetor de expressao pET 43a, resultando na proteina recombinante fusionada a tioredoxina
(TRX) e a uma cauda de histidinas. Efetivamente, apos a remoc¢do da TRX por hidrdlise
utilizando trombina (Figura 6 - inserto), as atividades enzimatica e antimicrobiana
aumentam (Figura 6 e 7). Isso sugere que diferentes construgdes plasmideo-inserto, ou
expressdo em outros vetores podem levar a producdo de uma rVTDCE com maior

atividade enzimatica e/ou antimicrobiana.

O sistema MEROPS agrupa as peptidases em um sistema composto por clas,
familias e espécies (RAWLINGS et al., 1999; BARRET et al., 2001). Na base deste
sistema estdo as “unidades peptidasicas”, ou seja, a sequéncia correspondente ao dominio
de peptidase. As proteinas com a caracterizagdo mais completas sdo consideradas
holotipos. Sequéncias correspondentes a mesma proteina em diferentes organismos sao
consideradas como uma Unica espécie proteica. Se peptidases apresentam similaridade nas
sequencias de suas unidades peptiddsicas, mas diferem quanto a especificidade de
substrato, ou atuam sobre 0 mesmo substrato de formas diferentes, ou mesmo interagem de

forma distinta com inibidores elas sdo caracterizadas em novas espécies. Familias sdo
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formadas por proteinas homologas, detectadas através da similaridade na sequéncia de
aminoacidos. Uma sequencia é imputada como caracteristica de uma familia caso o
alinhamento com outros membros da familia gerar um alinhamento com um valor esperado
de menos de 0,001. Em um cla sdo agrupadas sequéncias consideradas como derivadas de
um mesmo ancestral, mesmo sem uma similaridade significativa na sua sequéncia
(RAWLINGS et al., 2012). A comparagao da sequéncia da VTDCE com as sequéncias da
familia C1, na qual foi inicialmente inserida em fun¢do da caracterizagdo bioquimica,
indica que ela ndo pertence a essa familia. A sequéncia da VTDCE também nao contém
uma unidade peptidasica que se encaixe nas familias peptidasicas existentes. Portanto, ela é

a primeira integrante de uma nova familia.

Algumas enzimas, como a lisozima, possuem atividade antimicrobiana decorrente
da atividade enzimatica, uma vez que a atividade enzimadtica ¢ capaz de causar danos a
bactéria. Entretanto, a VIDCE ndo se enquadra neste tipo de caso. A VIDCE mantém sua
atividade antimicrobiana mesmo quando perde sua atividade enzimdtica, demonstrando
claramente que as atividades catalitica e antimicrobiana sdo independentes. Esse ¢ segundo
caso conhecido de uma proteina com dupla atividade independente (peptidasica e
antimicrobiana), sendo o primeiro uma Catepsina G de neutrofilos humanos
(BANGALORE et al., 1990). Embora esta propriedade comum as sequéncias de
aminoacidos dessas duas proteinas ndo apresentam semelhanga que permita inclui-las em

um mesmo clado.

A expressao heterdloga da rVTDCE produziu a maior parte da proteina
recombinante em corpusculos de inclusdo. Corpusculos de inclusao sdo agregados
protéicos que tendem a se formar quando ha uma alta expressao de proteinas no citoplasma

da bactéria, o que gera um ambiente desfavoravel para o correto enovelamento das
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proteinas traduzidas (VILLAVERDE et al., 2003; GARCIA-FRUITOS et al., 2012). Tal
agregacao pode ocorrer de forma passiva, em fun¢do de interagdes altamente hidrofobicas
entre regides que ficaram expostas em funcdo de um enovelamento incorreto
(VILLAVERDE et al., 2003). A expressdo em corpos de inclusdo apresenta uma grande
dificuldade que ¢ a necessidade de um processo de solubilizagdo desses corpusculos alem
de um complexo processo de enovelamento caso seja desejada a proteina biologicamente
ativa (MUKHOPADHYAY, 1997). Entretanto essa situagdo também apresenta algumas
vantagens: permite a expressdo de proteinas que pudessem ser facilmente degradadas no
citoplasma da bactéria, bem como de proteinas toxicas (MUKHOPADHYAY, 1997).
Além disso, em fun¢do de sua agregacao eles podem ser isolados das proteinas celulares
apods lavagem, mais baratas e mais simples do que processos cromatograficos, o que torna a
utilizagdo deste tipo de agregado protéico adequada quando o objetivo é produzir grande
quantidade de proteina, desde que seja possivel solubilizar a proteina posteriormente ou
quando mesmo a proteina desnaturada seja adequada para utilizagdo a que se destina
(GARCIA-FRUITOS et al., 2012). Tendo em vista o potencial da VITDCE para uso como
antigeno vacinal, onde a proteina insoliivel mantém a capacidade imunogénica, o fato de
esta ser obtida em uma forma bastante limpa (figura 5), a expressdo em corpos de inclusao

¢ adequada.

Os dados obtidos mostram que a proteina recombinante pode ser utilizada como
antigeno vacinal, uma vez que ela ¢ capaz de ativar a resposta imune adaptativa do
hospedeiro imunizado, induzir a producao de anticorpos e estes anticorpos sdo capazes de
reconhecer a proteina nativa (Figura 8), sendo possivel usar a proteina recombinante em
uma vacina. Com relacdo as atividades enzimatica e antimicrobiana da proteina

recombinante ¢ importante ressaltar a remoc¢do da proteina de fusdo leva a aumento em
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ambas as atividades (Figuras 6 ¢ 7). A necessidade de um passo adicional de hidrolise e
posterior purificagdo reduz ainda mais o rendimento de produto final. Para obter a estrutura
tridimensional e uma caracterizacdo mais refinada dessa molécula e da atividade
antimicrobiana, principalmente no que se refere a atividade sobre outras espécies de
bactérias, ¢ necessario obter maior quantidade da proteina. Para isso, a troca do vetor de
expressdo parece conveniente. Além da alteragdo de vetor, uma constru¢do sem a presenca
de proteina de fusdo e contendo a sequéncia do pro-peptideo pode ser vantajosa para obter

uma proteina com uma conformag¢do mais proéxima da enzima nativa e, portanto com uma

melhor atividade catalitica.

A elucidagdo em detalhes da estrutura desta proteina podera esclarecer como o sitio
ativo da enzima é formado e como esta molécula com sequencia tdo distinta de outras

cisteino endopeptidases ainda assim apresenta atividade peptidasica.

5 CONCLUSAO

As conclusdes obtidas no presente trabalho foram:

- O ovo de carrapato R. microplus possui uma cisteino endopeptidase que apresenta
duas atividades independentes: antimicrobiana e peptidasica. Este ¢ o segundo caso até
agora descrito de uma peptidase com atividade antimicrobiana independente da atividade

enzimatica.
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- Este trabalho demonstrou que a proteina de fusdo adicionada a constru¢ao da
molécula recombinante é capaz de alterar a atividade enzimatica e antimicrobiana da

VTDCE recombinante

-Foi confirmado que a VITDCE caracteriza-se como um antigeno oculto.

De forma geral, a importancia desta molécula para o carrapato, bem como a
possibilidade de sua utilizagdo como antigeno vacinal e a caracteristica incomum de

apresentar dupla atividade mostram a VIDCE como um importante alvo de estudo.
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7 APENDICE

7.1 Material suplementar a metodologia e resultados

Material suplementar referente ao artigo “A Rhipicephalus (Boophilus) microplus
cathepsin with dual peptidase and antimicrobial activity”

A figura mostra o alinhamento da VTDCE de Rhipicephalus microplus (JQ080269)
com peptideos antimicrobianos de carrapatos e cisteino endopeptidases de Entamoeba
histolytica. As marcagdes coloridas estdo codificadas em fungdo das propriedas fisico-
quimicas dos aminoacidos, utilizando o software GeneDoc. Accession numbers:
Ornithodoros coriaceus EU574828.1, EU574829.1, EU574830.1, EUS574878.1;
Ornithodoros parkeri EF633907.1; Argas monolakensis DQ886782.1; Boophilus
microplus AY233212.1; Amblyomma hebraeum AY437139.1; Ixodes scapularis
XM002410111.1, XM002410419.1, XM002400045.1, XM002401038.1, XM002433832.1,
XM002401039.1, XM002401040.1; Entamoeba histolytica AAO03571.1, AAO03569.1,
AAO003570.1, CAC34069.1, AAO003567.1, CAA60673.1, AAO003565.1, Q01957.1,
Q01958.1, AAO03566.1, CAA62835.1, CAA62833.1.
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