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RESUMO

O Rhipicephalus microplus é um parasita obrigatorio hematéfago, monoxeno,
que gera grande impacto econdmico a partir da acdo espoliativa sobre o seu hospedeiro
preferencial. A glicogénio sintase quinase 3 (GSK-3), uma proteina altamente
conservada e ubiquamente expressa entre diversas espécies, foi identificada no
carrapato bovino sob a isoforma GSK-3B. Envolvida na modulacdo da atividade da
proteina glicogénio sintase, como um agente regulador da sintese de glicogénio, essa
proteina atua no metabolismo energético do R. microplus. A GSK-3 também esta
envolvida na via de sinalizacdo Wnt, e por isso, ja foi descrita como uma quinase
essencial para a formacdo do embrido, estando diretamente envolvida no processo
reprodutivo deste carrapato. Neste contexto, a GSK-3B é uma candidata para o
desenvolvimento de novas alternativas de controle do carrapato bovino. Dessa forma, o
objetivo desse trabalho foi estudar a participacdo da proteina GSK-3p na fisiologia do
R. microplus a partir da inibicdo de sua atividade. Ensaios in vitro e in vivo foram
realizados para testar a inibicdo quimica e imunolégica da atividade dessa proteina.
Anticorpos contra peptideos sintéticos baseados na sequéncia da GSK-3B (anti-
SRmM0218 e anti-SRm86100) usados neste trabalho ndo foram capazes de inibir a
atividade dessa proteina, no entanto, a inibicdo da GSK-3p foi alcancada quando células
embrionarias de R. microplus foram submetidas a inibicdo quimica, por meio de um
inibidor especifico. Este resultado sustenta o potencial dessa proteina como alvo para o
desenvolvimento de uma alternativa de controle do carrapato bovino, pois a sua inibicéo
possivelmente atuaria negativamente na capacidade reprodutiva do carrapato R.
microplus.

Palavras-chave: Carrapato bovino, GSK-3p, inibi¢do, glicogénio.



ABSTRACT

Rhipicephalus microplus is a monogenetic, hematophagous ectoparasite that has
a large economic impact due to associated losses in the cattle industry. Glycogen
synthase kinase 3 (GSK-3) is a highly conserved and ubiquitously expressed protein in
several species. It has been identified as GSK-3p isoform in the cattle tick, and is
involved in the modulation of glycogen synthase activity, as a regulator of glycogen
synthesis with a role in energy metabolism of R. microplus. GSK-3p is also involved in
the Wnt signaling pathway. It is a fundamental kinase for embryo development, and is
directly linked with R. microplus reproductive process. Thus, the aim of this study was
to investigate the role of GSK-3p in R. microplus physiology by inhibiting its activity.
In vitro and in vivo assays were carried out to test its immunological and chemical
inhibition. Rabbit antibodies against synthetic peptides based on GSK-3B sequence
(anti-SRm0218 and anti-SRm86100) used in this work were not capable to inhibit GSK-
3p activity, but GSK-3p inhibition was reached when R. microplus embryo cells were
cultivated with a specific inhibitor. This result supports the potential of this protein as a
target to develop a new cattle tick control method, because its inhibition probably acts
detrimentally in the reproductive capacity of the tick.

Keywords: Cattle tick, GSK-3p, inhibition, glicogen.
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1 INTRODUCAO

1.1 O CARRAPATO BOVINO

Os carrapatos sdo ectoparasitas terrestres de habito hematofagico, que possuem
importancia médico-veterinaria, uma vez que sdo vetores de diversos patdgenos que
causam doencas a homens e animais (KAUFMAN, 1989). Como parasitos obrigatorios,
estes acaros atingem uma ampla gama de hospedeiros, incluindo vertebrados de sangue
frio, passaros e mamiferos. Dentre as 867 espécies de carrapatos existentes (BARKER
& MURRELL, 2004) a espécie de maior importancia no Brasil, em consequéncia do
impacto econdmico gerado sobre a bovinocultura, é a Rhipicephalus microplus.

Originario da Asia (HOOGSTRAAL, 1985), atualmente este carrapato esta
amplamente disseminado por paises tropicais e subtropicais, em regides ndo desérticas,
podendo ser encontrado em todos os continentes entre os paralelos 32°N e 32°S
(POWELL & REID, 1982; ESTRADA-PENA et al., 2006; CAMPOS PEREIRA et al.,
2008).

O R. microplus, é um Ixodidae monoxeno com ciclo de vida composto por uma
fase de vida livre e uma fase de vida parasitaria. E estimado que apenas 5% dos
parasitas de uma populacdo estejam sobre o hospedeiro e o restante esteja presente em
fase de vida ndo parasitaria no ambiente, na forma de ovos, larvas ou fémeas em
periodo de pré-postura ou postura (CAMPOS PEREIRA et al., 2008). Em condicdes
adequadas de temperatura e umidade, a fase de vida livre deste carrapato tem duragéo
média de 28 dias, porém esse periodo pode ser alterado caso ndo sejam oferecidas
condi¢des ambientais adequadas. Ja a fase de vida parasitaria é pouco influenciada por
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alteracbes ambientais, possuindo uma duracdo de aproximadamente 21 dias
(GONZALES, 1975).

A fase de vida livre deste parasita inicia-se no momento em que a teledgina,
fémea fecundada e totalmente ingurgitada, se desprende do hospedeiro e cai ao solo,
entrando no periodo de pré-postura e estende-se até fim da oviposicao, quando as larvas
resultantes da eclosdo dos ovos dessas teledginas estardo disponiveis para infestar um

novo hospedeiro suscetivel.

Durante os trés dias de pré-postura ocorre o amadurecimento do ovario, e a
producdo e maturacdo dos odcitos (CHERRY, 1973). O sucesso deste processo €
dependente da conversdo metabdlica energética e proporcional a quantidade de
nutrientes ingerida pela fémea (NAGAR, 1968). Cada fémea de R. microlus pde de dois

a trés mil ovos, morrendo logo ap6s o fim da postura.

Ovos eclodem cerca de um més apos a postura liberando as larvas que se tornam
infestantes, ou seja, aptas a se fixarem no hospedeiro, em aproximadamente uma
semana (GONZALES et al., 1974). Em busca de um hospedeiro suscetivel, ocorre a
migracdo dessas larvas por geotropismo negativo. O encontro com o bovino da inicio a
fase parasitaria do ciclo de vida (FURLONG, 1993). As regides preferenciais para a
fixacdo do carrapato no bovino s&o mais vascularizadas, com menor espessura de pele e
de dificil acesso a lambedura promovida pelo hospedeiro (processo de limpeza), tais
como: Ubere, mamas, regibes perineal, perianal, vulvar e entrepernas (WAGLANG,
1978). O sucesso do processo de alimentagdo, maturacdo da fémea e postura €
dependente da ocorréncia da fecundagcéo. Os machos permanecem por mais tempo sobre
0 hospedeiro a fim de se acasalarem com mais de uma fémea. Em torno do 17° dia os
machos ja estdo aptos a copula. As fémeas, apos serem fecundadas, passam de nedginas
para partendginas (estado parcial de ingurgitamento) e, em seguida, a teledginas (estado
de ingurgitamento méaximo) (GONZALES et al., 1974).

A alimentagdo do R. microplus divide-se em trés fases: A primeira consiste na
fase preparatoria (dois dias), quando ocorre a fixacdo no hospedeiro; seguida pela fase
lenta (quatorze a dezoito dias), quando ocorre o acasalamento, nesta fase a fémea



14

aumenta seu tamanho em cerca de 10 vezes; e por ultimo a fase rapida, que consiste em
uma alimentacao intensa por 24 horas, responsavel por promover novamente 0 aumento
do tamanho da fémea em 10 vezes. Apds essa Ultima fase, a fémea deixa o hospedeiro
(SEIXAS et al., 2010).
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O controle do carrapato bovino é tradicionalmente feito a partir da aplicacdo de
carrapaticidas, porém, a selecdo de populacGes resistentes, por pressdo seletiva, as
principais classes de acaricidas quimicos vem limitando o uso desta metodologia. Além
disso, 0 uso desses compostos quimicos pode gerar contaminagdo ambiental e de
produtos de origem animal (KUNZ & KEMP, 1994). Deste modo, se faz necessario o
desenvolvimento de novas metodologias eficientes no controle deste parasita, capazes
de diminuir o processo de selecdo de carrapatos resistentes e que ndo gerem problemas
de toxicidade. Nesta busca aplica-se a caracterizagdo funcional de moléculas
fisiologicamente importantes para o0 parasita e que ndo causem prejuizo para o

hospedeiro.
adulto fémea
(15 dias)
ninfa
(7 dias) fémea ingurgitada
(21-22 dias)
' dul
adulto macho
larva * f \ !
\
|
p |
/) AN

Figura 1 — Ciclo de vida do Rhipicephalus microplus. O ciclo de vida do carrapato
bovino é dividido em duas fases; uma de vida livre, vivida no solo, e outra parasitaria,
vivida sobre o hospedeiro (CAMPOS PEREIRA et al., 2008).
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1.2 AEMBRIOGENESE DO CARRAPATO BOVINO

Na embriogénese de animais oviparos, como € o caso do carrapato bovino, R.
microplus, ocorre a auséncia de nutrientes ex6genos , por isso esses animais sdo
dependentes dos nutrientes maternos estocados nos odécitos (SAPPINGTON &
RAIKHEL, 1998; SONG et al., 2006).

Uma vez maturados, os oo0citos aumentam de tamanho e acumulam RNA,
carboidratos, lipideos e proteinas que servem como substratos para vias metabdlicas
funcionais do desenvolvimento embrionario,de modo que ovos maduros contém todas
as fontes energéticas necessarias para o desenvolvimento e manutencdo do embrido
(CAMPOQOS et al., 2006).

A vitelina é a principal reserva energética utilizada por animais oviparos durante
0 desenvolvimento embrionaro, ja que ha auséncia de fontes de nutrientes externas
(ESTRELA et al. 2010). O consumo dessa proteina durante a embriogénese do R.
microplus foi evidenciado por Logullo e colaboradores (2002). Nesse estudo, foi
demonstrado que durante esse periodo de desenvolvimento do carrapato bovino ocorrem
dois picos de degradacdo dessa proteina. O primeiro pico nos primeiros dias apds a
postura, quando ocorre uma queda de 20% no contetdo de vitelina nos ovos, e o
segundo pico, 15 dias apés, de forma que, no momento da eclosdo das larvas, 40% do
conteido total de vitelina j& foi consumido. Trés enzimas ja foram descritas como
responsaveis pela hidrélise da vitelina, tick heme binding aspartic protease (THAP),
Boophilus yolk cathepsin (BYC) e vitellin degrading cysteine endopeptidase (VTDCE)
(SORGINE et al., 2000; SEIXAS et al., 2003). Dentre essas enzimas aquela que se
destaca como responsavel pela sua maior taxa de degradacdo é a VTDCE (SEIXAS et
al., 2012; OLDIGES et al. 2012).

A embriogénese do carrapato bovino € dividida em duas fases; uma fase inicial,
antes da formacdo do blastoderme celular, que é caracterizada pelo consumo de
glicogénio materno estocado e uma segunda fase que é caracterizada pela intensa
degradacdo de aminoacidos, que promovem o acumulo de glicogénio e glicose (SONG
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et al., 2006; MORAES et al., 2007).

Com apenas um dia de desenvolvimento o ovo j& apresenta nucleo (Fig. 2A).
Com trés dias de desenvolvimento ja ocorre a formagdo do blastoderma sincicial (Fig.
2B), na qual muitos ndcleos estdo presentes em um citoplasma comum.
Subsequentemente, as membranas crescem a partir da superficie envolvendo os nucleos
e formando células, que ddo origem ao blastoderma celular (Fig. 2C), formada no
quinto dia. A partir do sétimo dia o embrido ja se apresenta segmentado (Fig. 2D)
(CAMPOS et al., 2006). Até o quinto dia as reservas de glicogénio reduzem
drasticamente, atingindo seu nivel basal entre o quinto e o sexto dia, voltando a subir

somente na segunda fase de desenvolvimento. Concomitantemente sobem os niveis de

glicose, que se originam do glicogénio materno estocado.

Figura 2 - Etapas da embriogénese do Rhipicephalus microplus. Etapas do
desenvolvimento do Rhipicephalus microplus em diferentes dias da embriogénese
(Editado de CAMPOS et al., 2006): A) um dia, B) trés dias (blastoderma sincicial), C)
cinco dias (blastoderma celular), D) sete dias (embrido segmentado).

Genes importantes na fisiologia do organismo de artropodes adultos também
exercem importantes funcdes durante o seu desenvolvimento embrionario, sendo assim
a interferéncia em sua expressdo pode resultar em prejuizo na sua capacidade
reprodutiva (CATTERUCCIA et al., 2000; CATTERUCCIA et al., 2005). O estudo de
proteinas atuantes no metabolismo do R. microplus pode auxiliar no entendimento da
embriogénese deste parasita. Dessa forma, metodologias de controle tendo como alvo

essas proteinas podem ser sugeridas, interferindo-se diretamente na formacdo das
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reservas energéticas deste parasita, na ovogénese e/ou embriogénese, podendo gerar

prejuizos irreversiveis ao seu desenvolvimento.

A principal fonte energética para a realizacdo do processo de segmentacao
embrionaria em artrépodes sdo os carboidratos (NUSSLEIN-VOLHARD & ROTH,
1989; BATE & ARIAS, 1993). No caso do carrapato bovino, a glicose presente nos
odcitos, armazenada na forma de glicogénio, é a fonte energética utilizada. Como 0s
embribes de R. microplus se desenvolvem sem aporte energético maternal adicional a
postura e empenham uma por¢do significativa de suas reservas energéticas neste
processo, a GSK-3B, que participa na via da glicogénese, atuando diretamente no
metabolismo energético dessa espécie, € um possivel alvo para o desenvolvimento de

metodologias de controle contra o carrapato bovino.

1.3 A GLICOGENIO SINTASE QUINASE 3

A serina/treonina quinase, GSK-3, ¢ uma proteina conservada e ubiquamente
expressa em diversas especies. Em mamiferos sdo conhecidas trés isoformas desta
proteina: A isoforma nuclear, GSK-3a, € as isoformas citoplasmaticas GSK-3p e GSK-
32 (FISHER et al., 1999; WANG et al.,, 1994; FRAME & COHEN, 2001;
WOODGETT, 2001; MUKAI et al., 2002). A isoforma descoberta mais recentemente, a
GSK-3p2, foi identificada em tecido cerebral de ratos, camundongos e humanos, sendo
resultante de um splicing alternativo do gene codificante da isoforma GSK-3p, diferindo
em apenas 13 aminoacidos desta sequéncia (MUKAI et al., 2002).

Originalmente identificada apenas como um agente regulador da sintese de
glicogénio por intermédio da inibi¢do da proteina glicogénio sintase, a GSK-3 hoje esta
classificada como uma proteina multifuncional. A medida que esta proteina esta

associada a diversos processos celulares e fisiol6gicos essenciais como proliferacao,



19

motilidade e diferenciacdo celular, apoptose, metabolismo energético e
desenvolvimento embrionario (ALI, HOEFLICH, WOODGETT, 2001).

Em R. microplus foi identificada, somente uma isoforma desta proteina, a GSK-
3B, sendo ela responsavel, neste organismo, pela inibicdo da atividade da glicogénio
sintase (GS), sendo muito importante durante a embriogénese desse parasita. Durante
esta etapa do desenvolvimento deste carrapato os niveis de glicose e glicogénio variam
de forma que o percentual de atividade da GSK-3p é inversamente proporcional ao
contetido de glicogénio disponivel na célula (LOGULLO et al., 2009).

O glicogénio, principal reserva energética em células animais (RAGANO-
CARACCIOLO et al., 1998), é muito requisitado no desenvolvimento do embrido,
principalmente na fase de transi¢do do sincicio a blastoderme celular. Neste processo, 0
metabolismo de glicose e do glicogénio é mantido através de um balanco entre a
glicogendlise e glicogénese em que a GSK-3p é participante ativa (CAMPOS et al.,
2006; MORAES et al., 2007; ABREU et al., 2009). A GSK-3p esta envolvida, ainda, na
manutengéo da viabilidade dos ovos e larvas do R. microplus, como foi demonstrado a
partir de ensaios inibitérios realizados com um inibidor quimico (alsterpaullone) e com
RNA. (silenciamento genético — RNA interferente) (FABRES et al., 2010).

A desregulacdo da atividade desta enzima esta associada ao desenvolvimento de
diversas patologias em humanos; como, distdrbio de comportamento, doenca de
Alzheimer e cancer (BHAT et al. 1994, 1998; RING et al., 2003; CUZZOCREA et al.,
2007). Além disso, ja foi reportado que a inibicdo GSK-3 promove prote¢do contra
condi¢des inflamatdrias em diversos modelos animais (JOPE et al., 2007). E ainda que
GSK-3B pode ser alvo para desenvolvimento de farmacos aplicados ao controle de
parasitas. Neste contexto, Ojo et al. (2008) e Ojo et al. (2011) identificaram uma
isoforma da GSK-3 expressa em Trypanosoma brucei, ThbGSK-3 short, que possui uma
sequéncia muito similar a isoforma GSK-3p de humanos, e classificaram-na como um
promissor alvo para o desenvolvimento de métodos de controle contra esse parasita,
assim como Tsai et al. (2013) classificaram a GSK-3p em um estudo aplicado ao

controle do Echinococcus granulosus.
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2 OBJETIVOS

2.1 OBIJETIVO GERAL

Analisar a participacdo da proteina glicogénio sintase quinase-3p (GSK-3p) na
fisiologia do Rhipicephalus microplus, a partir da inibigdo de sua atividade.

2.2  OBJETIVOS ESPECIFICOS

2.2.1 Selecionar regides antigénicas para a sintese de peptideos

2.2.2 Clonar as regides codificadoras da porcédo N- e C-terminal da proteina GSK-3
de Rhipicephalus microplus a fim de expressar as proteinas recombinantes

2.2.3 Avaliar a capacidade dos anticorpos produzidos reconhecerem a expressdo das
formas nativa e recombinantes da proteina GSK-3p de Rhipicephalus microplus

2.2.4 Auvaliar o efeito dos anticorpos produzidos sobre o Rhipicephalus microplus

através de ensaios in vitro e in vivo

2.2.5 Avaliar o efeito da adi¢do em cultivo celular do inibidor quimico GSK3XI sobre
as células das linhagens de carrapato (BME26) e de bovino (MDBK).
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3 ARTIGO CIENTIFICO

Characterization of Rhipicephalus microplus glycogen synthase kinase 3p protein
by inhibition assays

Schuler, A. D.*?; Logullo, C.*; Coutinho, M. L.%; Da Silva Vaz, 1.%%"

! Faculdade de Veterinaria, Universidade Federal do Rio Grande do Sul, Av. Bento Goncalves, 9090,
Porto Alegre 91540-000, RS, Brazil.

2 Centro de Biotecnologia, Universidade Federal do Rio Grande do Sul, Porto Alegre 91501-970, RS,
Brazil.

¥ Centro de Biociéncias e Biotecnologia, Universidade Estadual do Norte Fluminense Darcy Ribeiro, Av.
Alberto Lamego, 2000, Rio de Janeiro 28015-620, RJ, Brazil.

ABSTRACT

Rhipicephalus microplus is a monogenetic, hematophagous ectoparasite that has
a large economic impact due to associated losses in the cattle industry. Glycogen
synthase kinase 3 is a highly conserved and ubiquitously expressed protein in several
species. It has been identified as GSK-3p isoform in the cattle tick, and is involved in
the modulation of glycogen synthase activity, as a regulator of glycogen synthesis with
a role in energy metabolism of R. microplus. GSK-3p is also involved in the Wnt
signaling pathway. It is a fundamental kinase for embryo development, and is directly
linked with R. microplus reproductive process. Thus, the aim of this study was to
investigate the role of GSK-3 in R. microplus physiology by inhibiting its activity. In
vitro and in vivo assays were carried out to test its immunological and chemical
inhibition. Rabbit antibodies against synthetic peptides based on GSK-3B sequence
(anti-SRm0218 and anti-SRm86100) used in this work were not capable to inhibit GSK-
3pB activity, but GSK-3p inhibition was reached when R. microplus embryo cells were
cultivated with a specific inhibitor. This result supports the potential of this protein as a
target to develop a new cattle tick control method, because its inhibition probably acts
detrimentally in the reproductive capacity of the tick.

Keywords: Cattle tick, GSK-3p, protein function, inhibition.
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3.1 INTRODUCTION

The cattle tick Rhipicephalus microplus is an ectoparasite found in tropical and
subtropical areas. Its importance in veterinary is due to its ability to transmit pathogens
(JONSSON, 2006). It causes considerable losses in the cattle industry, with substantial
damage to livestock. Together, the economic losses caused by R. microplus parasitism
and costs associated with its control in Brazil are estimated at US$ 2 billion dollars a
year (GRISI et al., 2002). Therefore, the control of tick populations down to acceptable
levels is crucial. However, chemical acaricides, the major control strategy currently
used, have lost their original effectiveness due to the increasing number of R. microplus
populations resistant to the major classes of acaricides (WILLADSEN, 2006;
ROSARIO-CRUZ et al.,, 2009). In addition, residues of these chemicals can
contaminate animal products and the environment (KUNZ & KEMP, 1994). Thus,
elucidating the physiological function of tick proteins and their role in the parasite-host

interaction is an essential step in the development of new control methods.

The proteins involved in the energy metabolism during tick embryogenesis may
be seen as an interesting target for parasite control. Any interference in this process
could disrupt embryo development and consequently render new offspring unviable. In
this sense, embryogenesis is an important target, since the absence of exogenous
nutrients makes oviparous animals dependent on maternal nutrients stored in oocytes
until the blastoderm formation stage (SAPPINGTON & RAIKHEL, 1998; SONG,
WONG & WESSEL, 2006).

Glycogen synthase kinase 3 is a highly conserved protein ubiquitously expressed
in various vertebrate and invertebrate species (FISHER et al., 1999; WANG et al.,
1994; HEDGEPETH, 1999; WOODGETT, 2001; MUKAI et al., 2002). It was initially
defined as a regulator of glycogen metabolism. It phosphorylates residues on glycogen
synthase, inhibiting this enzyme and consequently modulating glycogen synthesis
(PARKER, CAUDWELL & COHEN, 1983). However, GSK-3 is a multifunctional
protein that affects several cellular and physiological events such as cell cycle, gene

transcription, apoptosis and embryo development, besides its role in carbohydrate
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metabolism (PLYTE et al., 1992; WOODGETT, 2001; ALI, HOEFLICH,
WOODGETT, 2001). Three isoforms of this protein have been identified in mammals
the nuclear isoform, GSK-3a and both cytoplasmic isoforms, GSK-3p and GSK-3p2.
The last one was most recently identified, in mouse, rat and human cerebral tissues.
This isoform is result of an alternative splicing and differs by the alteration of 13 amino
acids from GSK-3p (WOODGETT, 1990; MUKAI et al., 2002). Abnormal GSK-3
activity is associated with human pathologies like cancer, diabetes, mood disorders and
Alzheimer's dementia (RING et al., 2003; BHAT et al. 2000; CUZZOCREA et al.,
2007). Furthermore, it was reported that GSK-3 inhibition provides protection from
inflammatory condition in different animal models (JOPE, YUSKAITIS & BEUREL,
2007; KLAMER et al., 2010). In this context, GSK-3 is under investigation as a
potential drug target to be used in disease treatment and parasite control (SCAPIN,
2002; McVEIGH et al., 2012). OJO et al. (2008) and OJO et al. (2011) demonstrated
this potential in a study with Trypanosoma brucei using TbGSK-3 short, a GSK-3
isoform, similar to human GSK-3p used in the treatment of leishmaniasis. This concept
also was studied by Tsai et al. (2013), who classified GSK-33 as a top drug target

against Echinococcus granulosus.

Only one isoform, GSK-3p, was identified in R. microplus (LOGULLO et al.,
2009). This protein acts in R. microplus embryogenesis and is involved in tick
oviposition and egg viability, as shown by experiments with GSK-3 inhibitors and
RNA interference (FABRES et al., 2010). GSK-3p inhibits glycogen synthase (GS)
activity by phosphorylation and modulation of glycogen synthesis. It was reported that
GSK-3B enzymatic activity is inversely correlated with embryo glycogen content.
Considering that glycogen is the major energy source in animal cells (RAGANO-
CARACCIOLO et al., 1998), and that it is a requirement in embryo maintenance until
blastoderm formation, the role this protein plays in tick development is clearly

important.

The study of proteins involved in R. microplus embryogenesis is useful to
understand the energy metabolism of parasites. It may provide the basis for the
development of new control methods, interfering in parasite development, oviposition
and viability, or causing premature lethality of females. In this work, embryo tick cells
and female ticks were used to evaluate the effect of interferences on R. microplus
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physiology by inhibition of GSK-3p activity using antibodies or a GSK-3 specific

inhibitor.

3.2  MATERIALS AND METHODS

3.2.1 Animals

Hereford (Bos taurus) cattle acquired from an Anaplasma spp., Babesia spp. and
tick free area (Santa Vitoria do Palmar - RS), were kept in individual pens on slatted
floors as hosts for R. microplus ticks (Porto Alegre strain). During the non-parasitic life
stage, R. microplus females and eggs were maintained in an incubator at 28°C and 85%
humidity.

Five-month-old New Zealand rabbits (Oryctolagus cuniculus) were maintained
in individual wired cages in a ventilated room under natural light regimen. All animals

were fed commercial food pellets and given water ad libitum.

All animals used in these experiments were housed in Faculdade de Veterinaria
at Universidade Federal do Rio Grande do Sul. This study was conducted considering
ethic and methodological aspects in agreement with the International and National
Directives and Norms by the Animal Experimentation Ethics Committee of the
Universidade Federal do Rio Grande do Sul (UFRGS).



25

3.2.2 Cloning of N- and C-GSK-3 ¢cDNA and expression of the protein fragments

The plasmid GSK-3B-pGEM-T (LOGULLO et al., 2009) was used as template
DNA to amplify N-GSK-33 and C-GSK-3B fragments by PCR, following the
conditions: initial denaturation at 94°C for 5 min; 34 cycles of 94°C for 30 s, 63°C for
30 s and 72°C for 1 min and 30 s; and a final elongation step of 5 min at 72°C. The
upstream  (TTTTTCATATGAGTGGACGGCCGAGGACG) and  downstream
(TTTTTGAATTCTAAGTGGTGGTGGTGGTGGTGAAGGAGCAGGTTCTGCGGT
TTGATGTCCCGATGGCAGAT) primers used to amplify N-GSK-3p included Ndel
and EcoRl restriction sites, respectively. The upstream
(TTTTTTGGATCCGACCCCGAGACGGGAGTCCTCAAG) and downstream
(AAAAAGGATCCTTACACGGGGCCGCTGTTTGAGG) primers used to amplify the
C-GSK-3p included BamHI and EcoRl restriction sites, respectively. Subsequently, the
amplicons were ligated to the vector pAE to obtain the plasmids N-GSK-3p/pAE and C-
GSK-3B/pAE, respectively. DNA sequencing was performed to confirm the identities of

clones.

Escherichia coli cultures were used to obtain the R. microplus GSK-3f3
recombinant proteins. E. coli BL21 (DE3) C41/ N-GSK-3B/pAE were grown in Luria-
Bertani culture medium at 25°C, and E. coli BL21 (DE3) RP/ C-GSK-3B/pAE were
grown in Super Optimal Broth culture medium enriched with MgCl,. Both cultures
were induced with IPTG and incubated with agitation for 2 h. Cells were resuspended in

PBS and disrupted by freezing-thawing and sonication.

The rN-GSK-3p and rC-GSK-3p expressions were monitored by 12% SDS-
PAGE stained with Coomassie Blue G-250. To confirm protein expression, cell lysates
were electrophoretically separated and transferred to a nitrocelulose membrane. After
1 h, the membrane was incubated with 5% non-fat milk at room temperature and then
incubated with alkaline phosphatase labeled anti-polyhistidine antibody, 1gG anti-
SRm0218, 1gG anti-SRm86100 (16.5 ng/mL) or anti-human-GSK-3p antibody for 16 h.
Goat anti-rabbit 1gG alkaline phosphatase-conjugated was used as the secondary
antibody. The reaction signal was generated using NBT (nitro blue tetrazolium) and
BCIP (5-bromo-4-chloro-3-indolyl phosphate).
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3.2.3 SRm0218 and SRm86100 peptides selection and sera production

Peptides SRm0218 and SRm86100 were selected based on the analysis of R.
microplus GSK-3 antigenic index using the Jameson-Wolf algorithm (JAMESON &
WOLF, 1988) in the software Lasergene.

New Zealand rabbits were immunized subcutaneously three times at 15-day
intervals with 570 pg of one of the peptides conjugated with the carrier protein keyhole
limpet hemocyanin (KLH) emulsified with Marcol-Montanid adjuvant. Fifteen days

after the last immunization, the sera were collected and stored at -20°C.

Total 1gG was purified from sera obtained by affinity chromatography on a
HiTrap Protein G HP column (GE Healthcare Biosciences) according to the
manufacturer’s instructions. The purified 1gGs were quantified by UV absorption (A =
280nm).
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3.2.4 Recognition of native protein and recombinant proteins expression

R. microplus embryo cells, BME26 cell lineage, were cultured according to
Esteves et al. (2008) in modified Leibovitz’s medium (Gibco) (L15B300)
(MUNDERLOH & KURTTI 1989) enriched with glucose (10.83g/L), 10% fetal bovine
serum (FBS), 10% triptose phosphate broth (TPB), 100 U/mL penicillin, and 100
mg/mL streptomycin. A BME26 cell suspension in Tris-HCI buffer (pH 8.2), with
protease inhibitors (pepstatin A - 1mg/mL, TPCK - 0.1 mM, leupeptin 1 mg/mL) and a
detergent (deoxycholate 1%) was incubated in ice for 15 min followed by 40 min of
centrifugation (32,000 G) to provide a cell extract. The total protein concentration in the
extract was quantified by the Bradford assay (BRADFORD, 1976).

The BMEZ26 cell extract, rN-GSK3p and rC-GSK-33 were subjected to a 12%
SDS-PAGE under urea and B-mercaptoethanol reduction and transferred to a
nitrocellulose membrane to test the capability of anti-SRm0218 and anti-SRm86100

antibodies to recognize native and recombinant proteins by an immunoblotting assay.

3.2.5 Invitro inhibition of GSK3f3

Cellular viability was evaluated with 15 pg, 30 pg or 60 pg of 1gG anti-
SRmM0286 and IgG anti-SRmM86100 in BME26 cells culture for 3, 5 or 7 days ina MTT
(3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide - Sigma) assay
(MOSMANN, 1983; CARMICHAEL et al., 1987). Culture medium alone was used as
control. A serum against a non-related peptide conjugated with KLH was also used to

test if antibodies against this carrier protein affect the cell culture.
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A specific GSK3p inhibitor, GSK3BXI (3-(1-(3-Hydroxypropyl)-1H-pyrrolo [2,
3-b] pyridin-3-yl]-4-pyrazin-2-yl-pyrrole-2, 5-dione - Santa Cruz Biotechnology), was
also used to test the effect of GSK-3p inhibition by evaluating morphological alterations
and/or viability induced in vitro. MDBK cells (gently donated by Claudio Wageck
Canal, Laboratorio de Virologia da Faculdade de Veterinaria, UFRGS) were used to
analyze the GSK-3B interaction with the host cells. Three different inhibitor
concentrations were tested: 32 nM, 64 nM or 96 nM in BME26 and MDBK cultures.
The cells were incubated at 34°C (BME26) or 37°C (MDBK). After 8 days (BME26) or
3 days (MDBK), cellular viability was evaluated by the MTT assay (MOSMANN,
1983; CARMICHAEL et al., 1987).

3.2.6 Invivo inhibition of GSK3p

Partially engorged female ticks weighing 30-60 mg were collected from bovines
and sorted into homogeneous groups. Each female was fixed with double-sided tape in a
polystyrene surface and fed by capillarity for 28 h (GONSIOROSKI et al., 2012).
Bovine blood added IgG anti-SRm0218, 1gG anti-SRm86100 or 1gG purified from a
non-related-antibody (300 pg of each IgG/group) or blood alone were offered to the
female ticks. Groups fed on blood alone or blood with non-related antibody were used
as negative controls. Female feeding was maintained at 28°C under 85% humidity. After
feeding, biological parameters like female weight increase and female weight decrease
(weight after feeding - residual weight), egg production index ([total egg mass weight /
weight after feeding] x 100), nutrient index ([total egg mass weight / weight decrease] x
100), hatching index ([total larvae mass weight / total egg mass weight] x 100) and eggs

and larva morphology were analyzed according to Bennett (1974).
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3.3 RESULTS

The protein GSK3p is involved in R. microplus energetic metabolism, and tick
embryos accumulate glucose as glycogen. In the present work, two different
methodologies were used to test the effect of inhibition of tGSK-3p activity in in vitro

and in vivo assays.

Epitopes used to synthesize the peptides SRm0218 and SRm86100 were
determined in R. microplus GSK-3p N-terminal and C-terminal regions from an in silico
analysis of the protein antigenic index (fig. 1 and 2). Anti-SRm0218 and anti-
SRmM86100 sera with titers equal or greater than 1,000 were obtained from immunized
rabbits and purified in order to obtain IgG anti-SRm0218 and 1gG anti-SRm86100.

Recombinant proteins were expressed to characterize the sera obtained. To
achieve the recombinant proteins rN-GSK-33 and rC-GSK-3B, two PCR were
performed to amplify the sequences N-GSK-3p (564 base pairs - bp) and C-GSK-3f3
(669 bp) using as template the plasmid GSK-3B-pGEM (LOGULLO et al., 2009) and
specific primers flanking position to the serine/threonine protein kinase active site motif
(bold - fig. 1).The recombinant proteins rN-GSK-3p and rC-GSK-3p were obtained in
soluble and insoluble form, respectively. The recombinant protein fragments expression
was confirmed by western blot with labeled anti-polyhistidine-tag antibody (fig. 3). The
recombinant protein rC-GSK-3p presented an apparent molecular mass equal to its
predicted molecular mass, approximately 25 kDa, different from rN-GSK-38, which
presented an apparent molecular mass of 37 kDa, different from its predicted molecular
mass, 22 kDa.

The ability of the anti-GSK antibodies to recognize the recombinant and native
proteins was evaluated by western blot. 1gG anti-SRm0218 were able to recognize rN-
GSK-3p, and anti-SRm86100 was able to recognize both rN-GSK-3p and rC-GSK-3p.
Purified 1gG also recognized the expression of the native R. microplus GSK-3p. 1gG
anti-SRm86100 detected the expression of the native protein with the same recognition
pattern exhibited by anti-human GSK-3p antibody used as control. However, anti-
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human GSK-3B antibody was not able to recognize any recombinant protein. Pre-

immune sera were not able to detect any protein expression, when tested using native or

recombinant proteins (Fig. 3).
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Figure 1 — Nucleotide and deduced amino acid sequence of Rhipicephalus microplus
glycogen synthase kinase 3. The regions used for primer synthesis are solid-underlined
on the nucleotide sequence. The protein kinase ATP-binding region motif is shown in
bold. The serine/threonine protein kinase active site motif is shown in italic-bold. The
residues used to synthesize the peptides are single-underlined.
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Figure 2 — Analysis of Rhipicephalus microplus GSK-3B antigenic index. Analysis
performed with Jameson-Wolf algorithm in the software Lasergene. Regions chosen to
synthesize the peptides SRm0218 and SRm86100 are inside the boxes, respectively
(JAMESON & WOLF, 1988).
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Figure 3 — Expression of Rhipicephalus microplus GSK-33 A) Expression of rN-GSK-
3B and rC-GSK-3p in Escherichia coli extract: Western blot probed with labeled anti-
polyhistidine-tag antibody using (1) rN-GSK-3p and (2) rC-GSK-3p as antigens. B)
Expression of rN-GSK-33 and rC-GSK-3B: Western blot probed with (3) pre-immune
serum against rN-GSK-3B, (4) pre-immune serum against rC-GSK-3B, (5) anti-
SRmMO0218 against rN-GSK-3B, (6) anti-SRm0218 against rC-GSK-3p, (7) anti-
SRmM86100 against rC-GSK-3p using anti-rabbit 1gG alkaline-phosphatase conjugate as
secondary antibody. C) Expression of the native Rhipicephalus microplus GSK-3p: by
BMEZ26 cells Western blot probed with (8) pre-immune serum, (9) 1gG anti-SRm86100
and (10) anti-human GSK-3.
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Cytoplasmic glycogen inclusions are present in BME26 cells (ESTEVES et al.,
2008), suggesting the activity of GSK-3 in these cells. The influence of this protein
activity was evaluated adding GSK-3p antibodies to a BME26 culture. Although
BME26 cells have been subjected to different 19gG anti-SRm0218p and 1gG anti-
SRmM86100 concentrations for varied incubation periods, neither morphological
alterations nor significant difference (p>0.05) were observed in cell viability, when
comparing treated and control groups (Fig. 4).

Reproductive effects on engorged female ticks artificially fed with 1gG anti-
SRm0218 and 1gG anti-SRm86100 antibodies were evaluated. Among fed ticks, mean
weight gain was approximately 200% (IgG anti-SRm0218: 217.78%, 1gG anti-
SRm86100: 186.01%, Control group — 1gG non-related: 165.04%, Control group -
blood: 211.26 % - Tab.1), indicating that treatments did not interfere in R. microplus
female feeding behavior. Egg Production Index and Nutrient Index (Tab.1) were similar
for all groups, without significant difference (p<0.05), indicating that anti-SRm0218
and anti-SRm86100 antibodies do not affect R. microplus oviposition. In addition,
morphologically normal larvae hatched from treated female tick eggs reveal that its
reproductive physiology was not affected by anti-SRm0218 and anti-SRm86100 1gG
feeding, in the concentration used in this assay.
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Table 1 — Biologic parameters evaluated after the capillary feeding assay. Mean (and standard deviation)

Weigh Wei . .
eignt eight Weight  Total Eggs Larvae Weight

Group Befqre Aft(_ar Increase Weight Weight Decrease EPI NI Hatching
Feeding Feeding (%) (mg) (mg) (mg) Index
(mg) (mg)
Anti- 3541 111.45 217.78 20.46 1.50 48.63 19.77 42.95 733
SRm0218 @ ’77) (30.19) (80.53) (10.31) (3.22) (12.66) (10.72) (21.42) '
Anti- 34.99 102.37 202.23 26.06 4.27 46.18 25.50 56.39 16.38
SRm86100 @ '45) (18.15) (66.65) (10.86) (3.65) (15.61) (9.53) (16.06) '
Non- 10393  163.78 19.12 3.41 42.85 19.10 47.26
related 40.65 ' ' ' ' ' ' ' 17.81
antibody (8.50) (25.34) (83.55) (9.69) (4.23) (12.33) (9.70) (25.40)
Bovine 38.93 110.21 196.69 31.60 5.50 48.16 28.23 65.05 17.41
blood ' (25.35) (92.42) (13.07) (4.43) (17.94) (8.74) (7.27) '

(9.70)
Bovine blood alone or mixed with 1gG anti-SRm0218, 1gG anti-SRm86100 or 1gG anti serum not related were used to feed artificially partially
engorged Rhipicephalus microplus females. The results were obtained from two experimental events. Weight Decrease = Weight after feeding -
Residual Weight (Fully-engorged female tick weight after oviposition), EPI = Egg production index, NI = Nutrient index
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Figure 4 — Effect of 1gG anti-SRm0218 and 1gG anti-SRm86100 on embryonic tick
cells BME26. Different amounts (30pg (A), 60pg (B) and 120pg (C)) of
immunoglobulins; 1gG anti SRm0218, 1gG anti-SRm86100, or 1gG purified from a non-
related serum or culture medium, L15, alone, as control were tested in culture with
embryo tick cell, BME26, under different periods of incubation 1, 3, 5 or 7 days at 34°C
*p>0.05 (ANOVA/Dunnet’s).

Subsequently, the effects of GSK3p inhibition were tested using the specific
inhibitor GSK3BXI. The inhibition was tested in BME26 and MDBK cells, enabling to
evaluate the effect on host cells also, since GSK-3p is a conserved protein. After the
incubation period, MDBK cells did not show any significant decrease in cellular
viability (p<0.05), while tick embryo cells showed significant decrease as tested by
ANOVA/Dunnet’s, showing up to 48% cellular viability, when incubated with 32 nM
of GSK3BXI and a similar cellular viability decrease when incubated with 64 nM of
inhibitor with a standard deviation (S.D.) of 16.2% and 16.4% respectively. (fig. 5).
This in vitro assay indicates that GSK-3p inhibition by GSK3BXI might affect more the
parasite than the host, although more studies with different bovine cell lines would help
to elucidate the magnitude of the effect of GSK3BXI.
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Figure 5 — Cellular viability assay. (A) BME26 and (B) MDBK cells incubated with
different concentrations (32 nM, 64 nM, 96 nM) of the inhibitor GSK3pXI. *p>0.05

(ANOVA/Dunnet’s).
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3.4  DISCUSSION

GSK-3 is well established as a multifunctional protein, but its involvement in
glycogen synthesis modulation is important to R. microplus, since it is an oviparous
animal (FRAME & COHEN, 2001; VAN AMERONGEN & NUSSE, 2009). In R.
microplus, GSK-3p acts in energy metabolism, first promoting the increase in glucose
levels in eggs to support embryos metabolism, and then decreasing glucose contents,
resulting in glycogen storage (MORAES et al., 2007; LOGULLO et al. 2009). In this
context, the study of GSK-3p may help to elucidate how tick embryos use energy and

how this usage pattern is reflected on the tick reproductive process.

Serine/threonine kinase GSK-3B is widely conserved in different species
(FISHER et al., 1999; BAX et al., 2001). However, the N-terminal region sequences of
these proteins are more conserved than the C-terminal regions; therefore, the C-terminal
region has a higher potential as a target for the development of immunological or
chemical control method, compared to the N-terminal region (LOGULLO et al. 2009).
To verify this potential, anti-SRm0218 and anti-SRm86100, antibodies against GSK3p
were evaluated for their GSK-3p activity inhibition potential and the effects caused on

BMEZ26 cellular viability and on R. microplus reproductive capacity.

GSK-3p was reported as an essential kinase in early embryonic patterning, cell
fate, cellular polarity, and cell movement in both vertebrates and invertebrates
(SALINAS, 2004), which was recently reviewed by Medina and Wandosell (2011).
Additionally, Fabres et al. (2010) showed that the inhibition of GSK-3 activity alters
egg viability, reducing R. microplus oviposition and egg hatching, and demonstrating
the important role played by GSK-3p in embryogenesis. In this work, we demonstrated
the ability of anti-SRm0218 and anti-SRm86100 to interact with native and recombinant

proteins.

However, immunological inhibition assays did not show significant decrease in

cell viability. GSK-3p inhibition was not achieved, possibly because the protein may
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not be available to antibodies, since GSK-3p is an internal protein stored in cytoplasm
inclusions and, consequently, it does not interact with host antibodies in tick
hemolymph (VAZ Junior et al., 1996). In addition, the anti-SRm0218 and anti-
SRm86100 antibodies were raised against a synthetic peptide, so it is possible that they
did not recognize the native protein under physiological conditions. Another possibility
is that the peptides chosen are not capable to form the epitopes to block GSK-3p
activity. Besides that, the concentration of antibodies used in the assay may not have

inhibited the total amount of protein.

Protein kinases, proteases, G-protein-couple receptors and ion channels GSK-3
have been studied to identify novel drug targets to be used against disease and to control
parasites (McVEIGH et al. 2012). The role of GSK-3 in multiple signaling pathways as
a regulatory agent suggests the participation in various pathological situations and
defines GSK-3 as an important target for disease treatments and parasite control
(WOODGETT, 2003). In this work, we tested the effect of GSK-3p inhibition using the
specific inhibitor GSK3XI in culture with tick embryo cells. The significant decrease
(p<0.05) of 48% (S.D. 16.2%) in cell viability after the inhibition of GSK-3p activity
shows that the use of an inhibitor could be an alternative to interfere in GSK-3 function

and decrease tick reproductive capacity.

In conclusion, understanding the role of proteins, as GSK-3, a key enzyme
involved in critical cellular and physiological process, in the parasite development and

in its feeding capacity could be important to discover new targets for tick control.
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4 DISCUSSAO

A caracterizacdo funcional de moléculas fisiologicamente importantes para o R.
microplus e a definicdo do papel dessas moléculas na interacdo com hospedeiro auxilia
a elucidar a biologia deste parasita. Neste trabalho foi avaliado o efeito produzido pela
inibicdo da atividade da GSK-3p de R. microplus, enfatizando-se as implicacdes

causadas sobre a reproducéo.

Apesar de altamente conservada, a variabilidade entre as sequéncias da proteina
GSK-3 conhecidas justifica o seu potencial como alvo para o desenvolvimento de
metodologias de controle parasitario. O percentual de identidade entre as sequéncias
dessas proteinas é relativo, principalmente, as alteracBes presentes em sua por¢do C-
terminal, menos conservada do que na sua por¢ao N-terminal. Dessa forma a regido C-
terminal possui maior potencial como alvo para o desenvolvimento de métodos de
controle quimicos ou imunolégicos (FISHER et al., 1999; BAX et al., 2001;
LOGULLO et al., 2009). Para testar este potencial foram produzidos anticorpos contra
peptideos sintéticos com sequéncias obtidas de cada uma das regides, avaliando-se sua
capacidade inibitoria e os efeitos relativos a viabilidade celular, bem como possiveis
alteracdes na capacidade reprodutiva das fémeas de R. microplus.

No R. microplus, a GSK-3 atua no metabolismo energético, fundamental para o
desenvolvimento embrionario. Num primeiro momento, a GSK-3p de R. microplus
promove o aumento do indice de glicose nos ovos proporcionando o metabolismo
embrionario, em seguida, participa do processo que promove a reducdo deste indice
através da glicogénese, que resulta no aumento do indice de glicogénio e
consequentemente no armazenamento de reserva energética (MORAES et al., 2007;
LOGULLO et al., 2009). E provavel que uma interferéncia nas rotas metabolicas
responsaveis pela disponibilizacdo energética a este carrapato seja irreversivelmente

prejudicial para seu desenvolvimento e formagdo de uma nova prole.
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Devido ao seu envolvimento na via de sinalizacdo Wnt a GSK-3 ja foi descrita
como uma quinase essencial para a formacao do embrido, sendo uma candidata para a
avaliacdo do processo reprodutivo do carrapato (FERKEY & KIMELMAN, 2002).

Em um experimento in vitro com a linhagem celular embrionaria de R.
microplus, BME26, foi observado que a GSK-3 pode ser inibida por estimulo exégeno
(ABREU et al., 2009). Neste trabalho testamos a inibicdo da atividade da proteina
GSK-3B na mesma linhagem celular a partir da adicdo dos anticorpos anti-SRm0218 e
anti-SRm86100 ou do inibidor GSK-3BXI no meio de cultura, relacionando o sucesso

da inibi¢do da atividade proteica com a diminuicdo da viabilidade celular.

A capacidade dos anticorpos anti-SRm0218 e anti-SRm86100 interagirem com
as formas nativa e recombinantes da proteina GSK-3p de R. microplus foi demostrada
neste trabalho. No entanto, quando aplicados em ensaios de inibicdo imunoldgica in
vitro com células embrionarias de carrapato bovino, BME26, ndo exerceram efeito na
viabilidade celular. 1sso se explica, possivelmente, porque a GSK-3B ndo esta
diretamente disponivel para a interacdo com os anticorpos incubados ou que a ligacdo
dos anticorpos com o alvo ndo foi capaz de inibir a atividade biolégica. Outra hipétese é
que esses anticorpos, por terem sido produzidos contra peptideos sintéticos, ndo sejam

capazes de reconhecer a proteina nativa.

Em concordancia com o nosso estudo existem na literatura relatos da avaliagcdo
de proteinas quinase, como a GSK-3p, proteases, receptores de proteina-G e canais de
ions, objetivando - se identificar um novo alvo para o desenvolvimento de um farmaco
contra doencas ou para o controle de parasitas (McVEIGH et al., 2012). Neste estudo, a
inibicdo da GSK-3p foi avaliada através do uso de um inibidor quimico especifico,
denominado GSK3BXI, adicionado a cultura de células. A reducdo de 48% (+/-16%,
p<0,05) na viabilidade celular de BME26, ap6s adi¢do do inibidor quimico no cultivo
celular sugere que a inibicdo da atividade dessa proteina poderia ser uma alternativa
para o controle do carrapato bovino, pois essa interferéncia possivelmente atuaria
negativamente na capacidade reprodutiva do carrapato. No entanto mais estudos sao
necessarios para esclarecer esta hipotese.

Portanto, a caracterizacdo funcional de moléculas fisiologicamente importantes
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para o Rhipicephalus microplus e a definicdo do papel dessas moléculas na interacéo
com o hospedeiro auxiliam na elucidacéo da biologia desse parasita e corroboram para o
desenvolvimento de novas metodologias de controle parasitéario, a medida que sugerem

novos alvos para pesquisas nessa diregéo.
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