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RESUMO

NIZOLI, Leandro Quintana. Expressdo heteréloga e utilizacdo da proteina
recombinante EMA-1 de Theileria equi como imunobiolégico . 2009. 67f. Tese
(Doutorado) — Programa de Pés-Graduacgdo em Biotecnologia. Universidade Federal
de Pelotas, Pelotas.

A Theileriose equina é considerada uma das principais doencas parasitarias que
acometem 0s equinos, acarretando grande impacto econémico na equinocultura. A
doenca € causada pelo hematozoario Theileria equi. As perdas econdmicas
associadas a theileriose equina estéo relacionadas tanto aos fatores clinicos, quanto
a restricdo ao transito internacional de animais soropositivos, jA que animais
portadores cronicos sdo passiveis de reagudizacdes, gerando perda de performance
fisica e reprodutiva, e sdo potencialmente disseminadores da enfermidade. Nos
altimos anos, os estudos sobre o diagndstico imunologico e vacinagao contra T. equi
concentram-se na obtencdo de fragcdes antigénicas. Na membrana externa deste
protozoario foram caracterizadas proteinas principais de superficie denominadas de
EMAs (equi merozoite antigen). Dentre estas, a EMA-1 destaca-se como antigeno
para diagnostico em fungdo de sua conservagao entre diversos isolados. Seu papel
também tem sido caracterizado como imundgeno por estimular forte resposta
humoral com producédo de anticorpos em animais infectados, podendo ser usado
como ferramenta para imunodiagnostico dessa doenca. EMA-1 €& também um
potencial candidato como antigeno vacinal no controle da theileriose equina. Neste
estudo utilizou-se o sistema eucaridtico de expressao baseado na levedura
metilotrofica Pichia pastoris, para a producdo da proteina EMA-1 de T. equi e a
avaliacdo quanto a sua antigenicidade e imunogenicidade. Quanto a sua
antigenicidade, a proteina recombinante foi reconhecida por anticorpos de animais
portadores cronicos de T. equi, sugerindo que epitopos nativos foram conservados
na proteina recombinante. Também foi observado que a proteina recombinante foi
capaz de gerar resposta imune em camundongos vacinados com esta proteina. Os
dados obtidos neste estudo demonstram que a levedura P. pastoris é um sistema de
expressdo heterélogo adequado para a producdo da proteina EMA-1 de T. equi,
podendo ser utilizada como imunobiolégico no desenvolvimento de testes
diagnésticos e vacina recombinante.

Palavras-chave: Theileria equi, equinos, Pichia pastoris, EMA-1, proteina

recombinante.



ABSTRACT

NIZOLI, Leandro Quintana. Expressdo heteréloga e utilizacdo da proteina
recombinante EMA-1 de Theileria equi como imunobiolégico . 2009. 67f. Tese
(Doutorado) — Programa de Pés-Graduacgdo em Biotecnologia. Universidade Federal
de Pelotas, Pelotas.

Equine theileriosis is considered to be one of the most important parasitic diseases
that affect horses, and has great economic impact on the equine industry. The
disease is caused by the etiologic agent Theileria equi, which is classified as a
hematozoan. The losses associated with equine theileriosis are related to clinical
manifestation as well as restriction to international travel to positive horses. Chronic
infected equines suffer the risk of the disease relapse which leads to losses in
reproduction performance and are potentially disseminators of the disease. In the last
years, studies on the immunologic diagnosis and vaccination against T. equi have
focused to obtain distinct antigenic proteins. On the outer membrane of this
protozoan, major surface proteins has been characterized and named as EMAs (equi
merozoite antigen). Of these, EMA-1 has been used as antigen for diagnosis due to
its conservation in diverse isolates. Its role as a potential immunogen has been well
documented due its ability to stimulate a humoral response with production of
specific antibodies in infected animals. Through this antibodies one can used as tool
for immune diagnostic of this disease. EMA-1 is also a strong candidate to be use as
a vaccine in the control of equine theileriosis. In this study we used the Pichia
pastoris yeast as expression system for the production of the EMA-1 protein of T.
equi and evaluated its antigenicity and immunogenicity. When tested for antigenicity,
the recombinant protein was recognized by antibodies form chronic T. equi infected
horses, suggesting that epitopes of the native were conserved in the recombinant
protein. Also we were able to observe that this protein was immunogenic in mice.
The data obtained in this study demonstrated that the yeast P. pastoris is an
expression system of heterologous protein suitable for the production of EMA-1 from
T. equi.

Keywords: Theileria equi, equines, Pichia pastoris, EMA-1, recombinant protein.
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1 INTRODUCAO GERAL

A primeira descricdo do parasito foi feita por Guglielmi em 1899 na Africa do
Sul, sendo posteriormente classificado e descrito como Babesia equi por Laveran
em 1901. No entanto, descobertas a respeito do ciclo de vida do parasito, como
multiplicacdo em linfocitos e auséncia de transmissao transovariana nos carrapatos
vetores (SCHEIN et al., 1981; SCHEIN, 1988; UETI et al., 2008), indicam que T. equi
ndo é uma babésia classica e, desde entdo, sua taxonomia tem sido questionada.
Considerando similaridades do parasito com organismos da familia Theileriidae, a
reclassificacdo de Babesia equi como Theileria equi passou a ser aceita
(MEHLHORN & SCHEIN, 1998). Entretanto, estudos filogenéticos, utilizando RNA
ribossomal e proteinas de superficie de parasitos de ambas as familias, indicam que
T. equi pode representar um terceiro grupo, diferente de Babesia ou Theileria
(ALLSOPP et al., 1994; KATZER et al., 1998; ZAHLER et al., 2000,; ZAHLER et al.,
2000p; CRIADO-FORNELIO et al., 2003;)

A theileriose equina € uma importante doencga parasitaria que acomete 0s
equinos de forma endémica no territorio brasileiro, assim como, em diversos outros
paises (KERBER at al., 1999; PFEIFER et al., 1995). Esta doenca vem sendo
estudada a dezena de anos, principalmente em funcdo do elevado numero de
distarbios que pode acarretar aos animais acometidos, bem como as enormes
perdas econdbmicas na equideocultura mundial (FRIEDHOFF et al., 1990;
KNOWLES, 1996). Nos Estados Unidos, Canada, Australia e Japao, assim como,
em alguns paises da Europa e América Latina, onde o parasito ndo ocorre de forma
endémica, sdo mantidas rigorosas medidas de controle que impedem a entrada de
animais soropositivos (OIE, 2008). Nestes paises, apesar da doenca ser
considerada exotica, o risco de tornar-se endémica & constante devido a existéncia
dos carrapatos vetores, pertencentes aos géneros Amblyomma, Dermacentor e
Rhipicephalus (KERBER et al., 1999; GUIMARAES et al., 1998, ,; BATTSETSEG et
al., 2002; STILLER et al., 2002; UETI et al., 2008). Portanto, medidas de controle,

além dos testes sorologicos, muitas vezes incluem quarentena e controle de



carrapatos (MARTIN, 1999). Estes procedimentos, além de extremamente
dispendiosos, afetam negativamente o mercado internacional de equinos e a
participacdo em competicdes equestres internacionais.

O parasito encontra-se mundialmente distribuido em regibes tropicais e
subtropicais, sendo a prevaléncia da infeccdo diretamente relacionada com a
ocorréncia dos carrapatos vetores. E estimado que 90% da populagdo mundial de
equinos esteja exposta a T. equi, ainda que em alguns paises a infeccdo ndo ocorra
de forma endémica (FRIEDHOFF et al., 1990). No Brasil, estudos epidemioldgicos
utilizando imunofluorescéncia indireta para deteccédo de anticorpos anti T. equi tém
registrado prevaléncias de 49,2% em Sao Paulo (HEUCHERT et al., 1999), 57,9%
no Rio Grande do Sul (CUNHA et al., 1996), 60,45% em Minas Gerais (RIBEIRO et
al., 1999) e 72% a 100% no Rio de Janeiro (TENTER & FRIEDHOFF, 1986;
PFEIFER et al., 1995).

Infeccbes por T. equi caracterizam-se pelo desenvolvimento de anemia
hemolitica progressiva nos animais infectados, sendo a patogenia da enfermidade
determinada principalmente pela lise de eritrocitos durante a invasdo e multiplicacéo
do parasito (KNOWLES, Jr. et al., 1994; LORDING, 2008). Quando equinos
suscetiveis sdo infectados desenvolvem a fase aguda da doenca, a qual cursa com
febre, anemia, hemorragias petequiais de mucosas, hemoglobindria e ictericia
(ZOBBA et al., 2008). A gravidade da doenca neste estagio depende da viruléncia
da cepa, dose do in6culo e condicdo imunoldgica do animal (CUNHA et al., 1998;
AMBAWAT et al., 1999). A mortalidade em infeccbes por T. equi € baixa, em geral
0s animais recuperam-se da fase aguda da doenca, porém permanecem como
portadores do parasito (UETI et al., 2005). Durante a fase crénica da infeccao, sinais
clinicos inespecificos como inapeténcia, perda de peso e queda no desempenho
fisico e reprodutivo sdo comuns (SCHEIN, 1988). Em casos de imunossupressao a
reagudizacdo da doenca € favorecida e os animais podem apresentar diferentes
graus de anemia, com agravamento dos sinais clinicos (OLADOSU, 1988;
OLADOSU & OLUFEMI, 1992; CUNHA et al., 1997; NOGUEIRA et al., 2005).

Animais infectados por T. equi desenvolvem uma solida imunidade que
protege contra a doenca clinica no caso de re-exposi¢cfes ao parasito (CUNHA et al.,
2006). Esta protecdo tem sido atribuida a continua estimulacdo do sistema imune
por parasitos que persistem no organismo durante a fase cronica da enfermidade

(SCHEIN, 1988). Experimentos conduzidos em diferentes modelos de infec¢cdes com



patdgenos intraeritrocitarios, que possuem uma patogenia semelhante a de T. equi,
propde que através da producio de interferon gama (IFN-y), linfocitos T CD4" podem
ativar macrofagos e estimular a producao de anticorpos por linfécitos B, mecanismos
estes que atuariam na eliminagcao dos parasitos (IGARASHI et al., 1999; PALMER et
al.,, 1999; HELMBY & TROYE-BLOMBERG, 2000). Macréfagos ativados né&o
somente apresentam uma intensa capacidade fagocitaria como produzem uma seérie
de intermediarios reativos de oxigénio e nitrogénio que séo toxicos para parasitos
(SU & STEVENSON, 2000; SHODA et al., 2000). Anticorpos por sua vez também
atuam em mecanismos citotoxicos, como opsonizacdo e fixacdo de complemento,
importantes no controle da multiplicacdo dos parasitos (AUCAN et al., 2000; CHEN
et al., 2000,; CHEN et al., 2000,; TAYLOR et al., 2001). A participacédo de anticorpos
na neutralizacdo de merozoitos, impedindo diretamente a invasdo de eritrocitos
também tem sido demonstrada (CAVINATO et al., 2001).

Equinos infectados com T. equi desenvolvem altos titulos de anticorpos contra
proteinas de superficie de merozoitos, 0 que sugere que 0S mMesmos estao
envolvidos no controle da multiplicagéo e eliminagdo do parasito. Assim sendo, tanto
mecanismos celulares como aqueles dependentes de anticorpos parecem
desempenhar papéis fundamentais no controle de hematozoarios (KNOWLES et al.,
1994; CUNHA et al. 2006). Em T. equi, a proteina equi merozoite antigen—1 (EMA-1)
€ um antigeno de 34 kDa expresso na superficie do merozoito, predominantemente
reconhecido por anticorpos de equinos infectados por T. equi (KNOWLES et al.,
1997). Comparacdes entre sequéncias de aminoacidos da EMA-1, obtidas de
diferentes isolados de T. equi, tém revelado identidades superiores a 80%
(NICOLAIEWSKY et al., 2001; XUAN et al., 2001).

O desenvolvimento de vacinas representa um campo de grande interesse na
pesquisa envolvendo hemoparasitos de importancia veterinaria. Os principais
obstaculos nesta &rea sdo o desconhecimento a respeito da imunidade protetora
desenvolvida pelo hospedeiro e a grande variedade de mecanismos de evasao do
sistema imune utilizados pelos parasitos (JENKINS, 2001). Varios estudos tém sido
realizados buscando elucidar estes aspectos e um modelo de como o hospedeiro
mantém hemoparasitos sob controle e evita surtos clinicos em subsequentes
exposicdes ao agente tem sido proposto (BROWN & PALMER, 1999; BROWN,
2001).



Estudos desenvolvimentos no campo da biologia molecular tornaram possivel
expressar genes de antigenos de diferentes patégenos em sistemas heterdlogos.
Pichia pastoris é uma levedura metilotréfica, capaz de utilizar o metanol como fonte
de carbono e energia que pode ser geneticamente modificada para expressar
proteinas heterélogas (CEREGHINO L.G.P. & CREGG, 1999; CEREGHINO L.J. &
CREGG, 2000). Durante os ultimos anos, ela tem se tornado um importante sistema
de producdo de uma variedade de proteinas heterélogas (NIZOLI et al., 2007;
DUMMER et al., 2007). A producdo destas proteinas recombinantes possibilita
determinar os antigenos que representam o0s principais alvos da resposta imune dos
hospedeiros vertebrados. A partir da identificacdo destes antigenos, € possivel
testar, por imunizacdo ativa, o potencial imunoprotetor de cada uma destas
proteinas. Estes estudos tornam os antigenos protetores, ou seus epitopos mais
importantes, fortes candidatos para serem utilizados como constituintes de vacinas
recombinantes contra o respectivo patdgeno.

Assim, os grandes desafios nas pesquisas envolvendo T. equi concentram-se
principalmente no desenvolvimento de vacinas e no diagnostico do parasito,

especialmente na deteccéo de portadores assintomaticos.



2 OBJETIVOS

Objetivo Geral

Produzir a proteina EMA-1 de Theileria equi recombinante em Pichia pastoris.

Objetivos Especificos

- Clonar o gene EMA-1 em sistema Pichia pastoris;
- Expressar a proteina EMA-1 de Theileria equi em levedura Pichia pastoris;

- Avaliar a potencial antigénico e imunogénico da proteina EMA-1.



3 ARTIGO 1

EQUINE THEILERIOSIS: EPIDEMIOLOGICAL ASPECTS, DIAGN OSTIC AND
TREATMENT

Artigo cientifico formatado segundo as normas da re vista Journal of Equine

Veterinary Science
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ABSTRACT

Equine theileriosis is a tick-borne protozoal dsseaf horses, mules, donkeys and zebras. The
etiological agent is blood parasite nanfédekileria equi Infected animals may remain carriers
of these parasites for long periods and act ascesunf infection for ticks, which act as
vectors. The parasites are found inside the ergites of the infected animals. Animals
which are low-level carriers @f. equiparasite or ticks which may act as reservoirs possk

of introduction of these parasites to diseasesdreas as a result of the increased movement
of horses worldwide. In this review, the biologystdbution, pathogenicity as well diagnosis

and treatment of equine theileriosis are discussed.

Key words: equine theileriosi$heileria equidiagnostic, treatment
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INTRODUCTION

Equine theileriosis, caused beileria equi(formerly Babesia equi(1), is considered
to be the most important tick-borne disease of éndrs tropical and subtropical areas
including Central and South America, Africa, AsiadaSouthern Europe (2). At present, only
Australia, Canada, New Zealand, Japan, UK, and df®Aconsidered equine piroplasmosis-
free and have in place stringent regulatory imptrtastrictions to prevent introduction of
these parasites (3).

T. equiare intraerythrocytic protozoa of equids thattemesmitted by ixodid ticks (4).
Ticks belonging to the genetdyalomma, Dermacentprand Rhipicephalustransmit these
parasites (4-7). Recent work has shown the potefia transmission ofT. equi by
RhipicephalugBoophilug microplus(8-11).

T. equiis one of the small species of protozoa and haplaisms in the erythrocytes
that appear oval, circle, ameboid, or as doublespeend measure 2 to j@n in length.
Theileria spp.has a schizogony period in the lymphoblastoidsceifferent from the genera
Babesia (12-14).

Of the estimated world population of 58 million kes, 90% are bred in endemic areas
(2). In endemic countries, the control of equingopiasmosis is important to keep
international markets open to the horse indust8y. (Eor this reason many countries prohibit
the importation of horses because of the high peeca of asymptomatic carrier animals in
the region.

Sub-clinical infections have particular relevangette horse-racing industry where the
geographical movement of presumably healthy honsag aid in the spread &f. equior
where sub-clinical infection may negatively afféoe animal’s performance. It has also been

shown that strenuous exercise, such as that erpedewith horse-racing, can cause sub-
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clinical infections to become acute (16,17). Thhexre is a real need for the diagnosis of both
clinical and sub-clinical infections. In this rewigthe biology, distribution, pathogenicity as

well diagnostic and treatment of equine theilegasgie discussed.

EPIDEMIOLOGICAL ASPECTS

Thoroughbred racing industry is particularly stromiflected by equine theileriosis,
acute infections resulting in missed training sessiand races and hence serious loss of
income to owners and trainers. Income is alsotmstwners through abortion in stud mares
which areT. equicarriers (2,18).

Authors have demonstrated occurrences varying #6r@% to 100% in the southern
and south-eastern states of Brazil. They citechfit epidemiologic conditions but with high
tick infections (19-24).

The effects of the variation of prevalence has bmgserved with different categories
and breeding systems in different regions of BréZil,25). Previous studies have shown that
the prevalence of equine theileriosis in Brazisésious (26-28). Transmission of theileriosis
is usually influenced by the dynamics of vector ydapons, and these are directly influenced
by climatic conditions (29).

Animals sensitive to the disease die within 24 8héurs after the development of
first clinical signs (30). In chronic cases, theadise continues for months and these animals
deteriorate to a worse condition within 3 to 4 gearhe protozoa may not be seen
microscopically during the subclinical phase of theease; therefore, serologic tests need to
be done to diagnose tdesease (31-33).

Clinical signs of infection vary from asymptomatiiccacute, fever, jaundice, anaemia,

icterus, and even death may occur (30). Intra+uenfections withl. equimay result in
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abortion and neonatal death (30,349rses that recover from acute infection may act as
reservoirs for transmission to ticks which subsetjyenfect other equids. Various authors
postulate thal. equipersists for life-long infection in its equine h¢2118,35,36).

In T. equiinfection, clinical parasitaemia may exceed 20% b5% parasitaemia is
more commonly observed in field conditions (37)ldtent carrier equids, it is very difficult
to demonstrate the parasite in stained blood snbemause the parasitaemia is extremely low.
Equids reared in endemic areas usually get infeatedrly age and become immune tolerant
throughout their life span. Nevertheless, outbre&K. equiinfection may occur in these
equids consequent to unfavorable health condiijb6)s

Foals born of pre immune mares are naive at binith @quire passive immunity
through colostrum (38). Maternal antibodies, agalnequi,decline steadily to extinction by
about four months from birth (38); however in endem@reas it is expected that primary
infection takes place before they decrease. It I@sn demonstrated that under these
conditions foals acquire the infection shortly afterth with the majority showing patent
parasitemia before 42 days of age (39). Regard@lingquj transplacental transmission can
occurs and takes place during the first four moofhgestation and appears to be a rule rather
than an exception, as recently demonstrated by A pibe (40). Recently was demonstrated
the presence of DNA of. equiparasite in neonate foal’'s blood born from a ldyeinfected
mare, using specific DNA probe (41). They opineat {harasite transmission occurred during
pregnancy despite the fact that latently infectemrexwas having normal placenta as the
foaling and foals were normal. Passage of infeetigdhrocytes or extra cellular parasitic
form across the placental barrier is the probaleerof transmission af. equiand this may
occur as a result of damage to placental vesdikirvent of abortion which could have lead

to mixing of maternal and foetal blood (42).
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Kumar et al. (43) indicated that new-born foals evdrorn naive and passively
transferred immunity is transitory which wanes affeperiod of time rendering the foals
susceptible to natural. equiinfection, after 63-77 days after foaling. This lwhlelp in
reducing the losses due to disease condition in-bmw foals by following suitable
management practices at farm after waning of adyitivers.

Positive titers fofT. equifrom the first day of life on can be explained bwptarnal
antibodies, especially in those cases where tHe bcame negative thereafter. This occurred
between the first and fourth month. Maternal ardibs forT. equihave been demonstrated
before until about 4 months of age (in the CF tiestpals of field-infected mares (38).

Immunocompetent young horses infected with equi preferentially produce
antibodies to erythrocyte-stage antigens of 303h&Da during resolution of acute infection
(15,44). These antigens (equi merozoite antigemsyd -2) are erythrocyte-stage which
possess a surface epitope that is conserved waolddamd induce specific high antibody
levels (15, 45, 46). Knowles Jr.(19919d shown that a protein epitope shared by EMA€L an
EMA-2 was immunodominant for antibody induction afchred by isolates worldwide (46).

To survive and replicate in the erythrocyte, memlwdrthe Apicomplexa phylum and
the intra-erythrocytic parasitelasmodium falciparunexport proteins that interacts with and
dramatically modify the properties of the host krgtyte. As part of this proces®.
falciparumappears to establish a system within the erytheocytosol that allows the correct
trafficking of parasite proteins to their final kedr destinations (47).

The pathways and components of these complexdkaffy processes are fundamental
to the survival ofP. falciparum in vivpand are major determinants of this parasite’sjumi
pathogenicity (47). Recently has been showed tleparasitd. equiEMA-2 in the infected
erythrocytic cytoplasm can be exported to the mamdrand this can affect the parasite’s

erythrocytic binding behavior (48).
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DIAGNOSTIC TESTS

Several direct and indirect detection methods,uiiclg blood smears (49), in-vitro
cultures (50,51), DNA probes (13) and serology (3#ve been used to diagnoBeequi
infection.

Microscopic detection from blood smears has beeed u®r the most standard
diagnosis of equine theileriosis (53); howeverhdts many limitations. The technique is
relatively laborious when large numbers of bloodeamsamples need to be simultaneously
quantified. While the identification of parasitas blood smears constitutes the definitive
diagnosis of equine infection, it bears certainititions, particularly during apparent or
chronic infection due to low parasitemias (54).

Among the molecular tools, PCR is the most commasigd, including other PCR-
derived tools, such as the multiplex and nested PX3E55). However, these molecular tools
require thermo cyclers and several other expergpazations, which make them unsuitable
for routine diagnosis, especially in resource-pomintries (56).

A primary PCR has been shown to deftécequiinfection in horses however, in all
cases the parasitemia level was sufficiently high the organism to be detected by
microscopic examination (30). More recently, a edsPCR forT. equi based on the
merozoite antigeemal gene sequence has been reported to give indreassitivity (13).

A variety of serological tests such as indirectofescent antibody test (IFAT),
enzyme-linked immunosorbent assay (ELISA) and cempht fixation test (CFT) have been
used to detect specific antibodies. Both the complg fixation test and the

immunofluorescent antibody test have been useth&oy years for diagnosis (57).
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These methods have a low sensitivity for deteckibgnt infections. However, it has
been reported that because of its low sensitivity specificity, the complement fixation test
fails to discriminate accurately between negative earrier animals (19).

Compared with ELISA, however, IFAT is time consumand requires large amounts
of parasites. Moreover, the estimation of the isitgnof fluorescence is subjective and
requires the participation of experts, which hasdbred the standardization and
comparability of the results (58).

Recently, the competitive ELISA (cELISA) using redoinant antigens was
developed as a more specific method than CFT, I&Ad other IELISA for the serodiagnosis
of piroplasmosis (32,47,59-64). Thus, several sgiohl assays such as ELISAs are often
more sensitive and specific have been developedadwance diagnosis of equine
piroplasmosis.

A competitive inhibition ELISA, employing a monodlal antibody and a recombinant
T. equi merozoite protein (EMA-1), was shown to be spepieetfic for antiT. equi
antibodies, as horses infected wighcaballitested negative (46). It has been shown that an
ELISA using recombinant EMA-1 expressed in inseadtscby baculovirus (65) anBichia
pastoris(66) can be a useful diagnostic reagent for dieteaif T. equiinfection in horses,

being more sensitive than CFT and IFAT.

TREATMENT

Treatment of piroplasmosis varies depending orldbation of the horse and the goal
of treatment. In endemic regions, suppressingadinsigns without eliminating the organism
from the body is desirable because premonition miégpen the continued presence of the

parasite at low levels (67).
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The use of the dipropionate of imidocarb is recomdeel in solution 10%, 2.4.mgkg
four times, with break of 72 hours. However, thetpcol of one dose of 1.2 mgkds
efficient toT. equj not presenting difference of the treated animaik 2.4 mg.kd, with the
advantages of reduce costs and diminish risksfettsfto the horses (17).

Babesiacidal/theilericidal drugs used in the treathof equine theileriosis are limited
and are either ineffective in completely elimingtithe parasites and/or cause severe side
effects (68,69). Thus, a continuous search forrradteve and effective chemotherapeutic
drugs is necessary.

The most reliable method to control equine piroai® remains preventing entry of
infected equine and ensuring that animals entdriogp endemic countries are thoroughly

checked and found to be free of ticks.

CONCLUSIONS

As a result, equine theileriosis is a very impadrtaguine disease. Serologic
examination is better than microscopic examinationdetermine the prevalence of the
disease. To combat the disease, the animal owhetddsbe informed about the importance
of the disease and the danger of tick infestati@mmsidering the high prevalence Df equi
infection in Brazil further studies are required define the population of the infection.
Control strategies for horses used for recreatioithhg should based on reducing their
exposure to ticks by preventing them grazing amels high tick infestation, preventing
contact with high tick infestation, preventing cactt with wild horses, spraying horses with
acaricides and treating positive horses. In commhyghe hardest challenges in the researches
involving T. equiconcentrate mainly in the development of treatnmentocols and in the

diagnosis of the parasite, especially in the deteaf chronic cases of equine theileriosis.
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ABSTRACT

The equine piroplasmosis caused Dyeileria equiis a tick-borne protozoal infection of
horses, causing damage to animal health and econlosses. InT. equj two merozoite
surface proteingqui merozoite antigeBMA-1 and EMA-2, have been identified as the most
immunodominant antigens, suggesting that they mightused as immunobiological tools.
This study focused on expression and purificatibmumcated recombinant EMA-1 @t equi

in P. pastoris The DNA encoding EMA-1 was cloned by PCR fronaistPelotas of. equi
After PCR and construction of expression vector,A=Mwas expressed iR. pastorisyeast
X-33 and secreted into the culture medium. The secr&®Wh-1 was purified using
ammonium sulfate at 80%. The recombinant proteis waunogenic and antigenic. This
study provides a new alternative for expression @ilization of recombinant protein EMA-

1.

Key Words: Theileria equi Recombinant vaccin®ichia pastoris EMA-1

Running headline: Truncated EMA-1 expressed in yeBsthia pastoris
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INTRODUCTION

The equine piroplasmosis causedTheileria equiis a tick-borne protozoal infection
of horses, it causes great damage to animal healthimportant economical losses. The
disease is a haemoparasitosis causediigyleria equiand Babesia caballiis a tick-borne
hemoprotozoan disease affecting horses worldwide Through infecting and destroying
erythrocytes, it can compromise the equine func¢tieading to loss of vitality and decrease in
the performance of infected animals. Equine pireplasis caused by. equiis more
pathogenic and widespread in horses than tha&t logaballi[2], it causes a persistent infection
for which drug therapy or vaccination are not aaé [1,3]. TheT. equiinfection is
characterized by fever, anemia, icterus, and hegradcsplenomegaly [4].

Merozoite surface proteins are important in thehpgénesis of hemoprotozoan
diseases because of their role in parasite regogniattachment to and penetration of host
erythrocytes [5,6]. IM. equj two kinds of merozoite surface proteiegui merozoite antigen
EMA-1 and EMA-2, have been identified as the mastnunodominant antigens [7,8,9].
EMA-1 is geographically conserved amongTallequiisolates [8,10] and shares significantly
high identity in amino acid sequence with the ceypert proteins of manyheileriaparasites
[7,11]. Additionally, EMA-1 has glycosyl-phosphaglohositol (GPI) anchor-specific motifs
in their sequence, suggesting that these proteightrbe expressed on the outer surface of
merozoite with a GPI anchor [11]. The equimerozoite express surface protein of molecular
mass 34 kDa, which are strongly recognized by adids produced in infected animals
[11,12]. Further, EMA-1/2 are members of the magpmoplasm surface protein (MPSP)
family that is conserved among the gefibileria, but the biological role of MPSP has not

yet been clarified. Therefore, functional studies EEMA family proteins may also provide
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insight into the biological significance of MPSP peassion in the intra-erythrocytic
development oT heileriaparasites.

The methylotrophic yeagtichia pastoriss one of the dominant expression systems in
molecular biology due to its stable and high-lexgbression of heterologous proteins [13,14].
Over 400 proteins from prokaryotes, eukaryotes, @nases have now been successfully
expressed in this yeast [15]. Te pastorisexpression system offers many advantages,
including its ease of usage relative to other eyttar expression systems, the possibility of
high-level expression of foreign proteins. The yesa®lso able to introduce eukaryotic post-
translational modifications such as glycosylatiod aroteolytic processing [16].

In this study, we report the successful cloninghe# truncated DNA sequence of
equi gene. Its expression . pastorisand characterization of the recombinant proteinewer
also investigated. This is the first report of thening and expression of EMA-1 ®f equiin

P. pastorissystem.

MATERIALS AND METHODS

Strains, plasmids and yeast culture media

Escherichia coliTOP10 cells were used as a host for plasmid patdpag For yeast
transformation, th®. pastoristransfer plasmid pPIGiB containing the 5’ alcohol oxidase 1
(AOX1) promoter and the 3' AOX1 transcription terration sequences was used. pRIBZ
also contains the dominant selectable marker anitbzeocin, which is bifunctional in both
Pichia and E. coli. Pichia pastoris host strain X-33 was used for protein expression
experiments. These products were purchased frorttdgen (Carlsbad, CA).

Pichia pastoriscells were cultured in YPD medium (1% yeast exirdéo peptone,

and 2% D-glucose) or BMGY medium (1% yeast extrags, peptone, 1.34% yeast nitrogen
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base, 4x18% biotin, 1% glycerol and 100 mM potassium phoselipH 6.0]). YPDS plates
(YPD medium plus 1 M sorbitol and 2% agar (w/v)ht@ning 100ug/ml zeocin (Invitrogen,
San Diego, CA) were used for selectionPadhia transformants. BMMY medium (1% yeast
extract, 2% peptone, 1.34% yeast nitrogen base) 2% biotin, 0.5% methanol, and 100 mM

potassium phosphate [pH 6.0]) was used for probeinction.

DNA extraction and PCR amplification

The EMA-1 gene(GenBank accession nAF261824 without the native signal
peptide sequence was amplified by PCR using DNAiobt as previously described [17].
Amplification reaction was performed in a thermdeyqMastercycle Eppendorf). The PCR
was subjected to amplification in a gbmixture containing ~20 ng of genomic DNA, QuP
Taq DNA polymerase (5U/uL), 248 10x PCR buffer, 1.0 puL 50 mM Mg&10.5ul 10 mM
dNTP, 1.0ul 10 pmol/pL primer 1 and primer 2 (Table 1) andH@®, under the following
conditions: 94 °C for 5 min (1 cycle); 94 °C for 68c, 54 °C for 60 sec, 72 °C for 1 min (40
cycles); and 72 °C for 7 min (1 cycle). All primeaused in this study were synthesized in

MWG-Biotech AG (USA).

Construction of expression plasmid pPl CZalpbaB-EMA1

The amplified PCR products after purification ahebgage wittEcoR andKpnl were
cloned into expression vector pPIGE digested by the same restriction enzymes and the
resultant plasmid was transformed to TOP10F competells. The transformants were
cultured in LB plate (1% tryptone, 0.5% yeast ecttr@.5% NaCl, and 2% agar) with zeocin
(25 pg/ml), for screening the positive clones. The rebmant plasmids with EMA-1
truncated gene were identified with ultra-rapid moprep plasmid extraction [18], proper

insert orientation was tested by restriction endtease cleavage, and confirmed by
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sequencing with the DYEnamic ET terminators sequenkit (GE Healthcare, Giles, United
Kingdom) following the manufacturer’s protocol. $egce determination was performed in a
MegaBACE 500 automatic sequencer (GE Healthcasgjuéncing reactions were performed
using primers 5’AOX1 and 3'’AOX1 vector-specific apdmers used for PCR amplification
(Table 1). Sequence analyses were assembled usexgorV NTI 10, AlignX and
ContigExpress (Invitrogen). Homologies analysesewgerformed with the NCBI database

and BLAST [19].

Transformation and screening of P. pastorisexpression strains

The plasmid pPICAB-EMAL was linearized by digestion with restricti@mzyme
Pmd for integration into the chromosomal DNA Bfchia pastorisX-33. Transformation of
the linearized plasmid was carried out as describetthe Invitrogen Pichia Expression kit
manual. Approximately 250 colonies were obtainednenYPDS plates containing 19@/ml
Zeocin after growing for 3 days.

For confirm integration of the EMA-1 gene into theast genome, the colonies were
subsequently screened by colony blotting. The golblotting assay was performed as
previously described [20], with some modificatioBsiefly, a hundred Zeocin recombinant
colonies were plated onto BMMY agar medium (1% yea$ract, 2 % peptone, 1.34% yeast
nitrogen base, 4xIWo biotin, 0,5% methanol, 100 mM potassium phosplgite 6.0] and
1% agar) and incubated at 28°C for 3 days. Every}h24% of total medium volume of
absolute methanol was added on the top of platesciR nitrocellulose membrankl\fbond
C, Amersham Biosciences) was then left standing3ftr at 28°C on the surface colonies.
Membrane was then washed with PBS (pH 7.4) plu§%.0ween-20 (PBS-T) prior to
remove adhering colonies fragments. Membrane waskétl for 1 hour at room temperature

with gentle agitation in PBS-T buffer containing 58fonon-fat milk. After, the membrane
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was incubated for 1 hour with monoclonal antibotAp) anti-His peroxidase conjugate.

The reaction was developed with diaminobenzidingn(@).

Expression of rEMA-1 on shaker and bioreactor cultures

The selected positive clones were used to inocubatesl BMGY medium and
incubated overnight at 30° C with shaking at 25@.rg 0.3 ml aliquot of the culture was
used to determine cell density and viability. Temainder was harvested by centrifugation at
5,000 xg for 5 min. To induce protein expression, the celse resuspended in BMMY. A
total of 10 ml cell suspension in BMMY was incultheg 30 °C with shaking at 250 rpm for
7 days. The cultures were supplemented with 100%hamel to a final concentration of 1%,
and this step was repeated every 24h. After methadaction for various periods of time,
aliquots were withdrawn for cell viability assaydagxpression analysis. Recombinant EMA-
1 was detected by Dot-Blotting procedure using MAti-6xHIS HRP conjugated. One
transformant with high expression level in the urdt supernatant was used for large-scale
expression. The transformed strain with the higredivity screened in the shake flask
expression was cultivated in bioreactd®idstat B, B. Braun Biotech). For large-scale
expression, recombinant X-33 was pre-inoculatedY®D medium for 24h at 28°C in
agitation of 250 rpm and then cells were placedeactor containing BMGY medium.
Temperature was controlled at 30°C and agitatios sed at 300 rpm and aeration rate of 1
vvm. After complete consumption of glycerol in theedium, 1.0% of methanol was added
every 24 h to induce expression during 4 days. Réamant EMA-1 expression was detected
by Dot-Blotting as mentioned before. After thatllsevere harvested in 5,000gxat 4°C for

10 min and supernatant stored at 4°C until putioca
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Precipitation of protein

For precipitation, the culture (1 L) was first agfiaiged at 5,000 xy for 30 min at 4°C,
and the resultant supernatant containing the sstlEMA-1 was pooled and mixed with
ammonium sulfate to a saturation of 80% and incabaat 4°C for 16 hours. The mixture
was centrifuged at 12,000gdor 30 min, and the resultant pellet was resuseémad PBS (pH
7.0), followed by overnight dialysis against thengabuffer at 4° @sing a membrane of 30
kDa cut-off. After dialysis, the samples were céagied to remove any insoluble materials;
the resultant supernatant was pooled and store@Q8C. The protein quantitation was
determined using the BCX Protein Assay Kit (Pierce Chemical Company) withvine

serum albumin (BSA) as a standard.

SDS-PAGE and Dot-Blotting

Purified proteins were boiled for 10 min in SDS-PA®ading buffer and separated
on 10% separating gel and then submitted to elglotn@sis in Bio-Rad Mini-PROTEAN
Tetra Electrophoresis System. Gel was stained @athmassie Brilliant Blue R250. For Dot-
Blotting analysis was performed as described elsesvlj21], with some modifications.
Supernatant of yeast X-33/pPIGE was used as negative control. Proteins adsorpies
carried out by spotting fl in nitrocellulose membrane pieces (2.0 x 1.0 cifer blocking
and washed, membranes were probed also as desenigedetected with DAB solution.
Reactions were stopped with distilled water wasMegnbrane was blocked with 5% non-fat
dry milk in PBS-T pH 7.4 for 1h and after severashes with PBS-T, antigenic proteins
spots were detected by incubating membrane wittialieving sera: MAb Anti-6xHIS HRP
conjugated (SIGMA); anti-EMA-1 monoclonal antibo@@abesia equiAntibody. Test Kit,
CELISA, VMRD. Inc, Pullmaiy sera of horse naturally infected wiith equior sera of

negative horse, also for 1 h and then washed vBtB-1P. Membranes were incubated for 1 h
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with anti-mouse (1:2.000) and anti-horse (1:10.060hunoglobulins HRP conjugated. After
that, membranes were washed again and then placedAB solution (0,6 mg
Diaminobenzidine, 0,03% nickel sulfate, 50 mM THE&! [pH 8.0], and hydrogen peroxide

[30 vol]) until colored reaction began to appead ¢then stopped with distilled water washes.

RESULTS AND DISCUSSION

Construction of expression vector and P. pastoristransformation

TheP. pastorisgene expression system is an attractive methddwhich to produce
a variety of intercellular and extracellular prot®{13]. Since, we previously isolated a DNA
encoding this protein, we decided to clone the Dd¢fuence encoding EMA-1 without its
native signal peptide in the pPIGE plasmid, in frame with the yeast a-factor signal
sequence, for secretion of protein containing as6Fig at its C-terminus. PCR amplification
of the EMA-1 gene yielded a 755 bp DNA (Fig. 2Aadment with the expected sequence.
The amplified EMA-1 gene was inserted into the ee@PICZB. The positive insert in the
recombinant plasmids was screened by restricticlomunclease cleavage wikhd and three
expected fragments were showed (Fig. 2B). Then, stoocied expression vector
pPICZ0B/EMA-1 (Fig. 1) was used fdE. coli strain TOP10F transformation, which result in
several colonies Zeocin resistant. About 50 colmrere picked for an ultra-rapid procedure
screening [18] which shown 11 recombinants. Onethefse was replicated and then
sequenced. Sequencing analysis showed that the ENéne fromT. equiwas sequenced.
The lengths of the sequenced regions varied fromlentide 121 to 735. A consistent
alignment provided by 615 nucleotides in EMA-1 geeealed high degrees of identity with
others sequences EMA-1. The sequence was subraitt@énBankaccession n&J628179)

(data not show).
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After the recombinant vector was constructed andfied experimentally to be
correct, it was transformed inf®. pastorisstrain X-33 competent cells by electroporation,
and approximately 250 colonies were obtained onYtRBS plates after growing for 3 days.

These colonies were picked up and spotted orugd®l Zeocin YPD plates.

Expression of EMA-1 on shaker and bioreactor cultures

The screening was performed by colony blotting ysshich cells growing on
BMMY plates are induced with methanol and the dedr@roteins can be detected with MAb
Anti-6xHIS HRP conjugated (Fig. 3). No transforméeé3 was used with a negative control
and recombinant B subunit of heat labile enteratdrom E. coli (LTB) with HIS-tag was
used as positive control added on nitrocellulosenbrane after induction. From one hundred
colonies chosen for Colony blotting assay, threewsh positive recombinant protein
expression in different levels and one of theseitipescolony with apparently higher
expression level was chosen for shaker flasks arddxtor growth.

Recombinan®. pastoristhat expressed EMA-1 of. equion higher level chose by
Colony blotting assay was used for small scaleesgion on shaker in order to verify the best
expression time after induction. Secreted proteas detected by Dot-Blotting assay and best
results were obtained with 96 h of induction (4. As negative control, no transformEd
pastoris X-33 was also growth in BMGY and induced with 1% methanol on BMMY
medium. In bioreactor, fed-batch process continioeda period of 4 days was performed.
After 24 h of glycerol growth, when this was exhads cells were induced with 1%

methanol. Protein secretion was detected with Dattibg, as described above.
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Precipitation and characterization of protein rEMA-1

In the precipitation of recombinant EMA-1 expressedP. pastoris X-33 cells,
ammonium sulfate precipitation was carried out emaentrate the protein, while the best
EMA-1 precipitation yield was reached at 80% ammonisulfate saturation level. SDS-
PAGE analysis the culture supernatant of recombirsrain revealed that the EMA-1
secreted into supernatant compared to no-transfuraral indicated a major protein band at a
molecular mass of ~45 kD, which is consistent Wit molecular mass of EMA-1 (Fig. 5).
The final yield of the purified protein was quard by BCA Proteins Assay and resulted in a
yield of ~389 mg of rEMA-1 per liter of cell culteisupernatant.

Dot blotis a technique for detecting and identifying pirmde similar to the/Nestern
blot technique but differing in that protein samples aot separated electrophoretically but
are spotted through circular templates directlyootite membrane [21]. Antigens may be
applied directly to nitrocellulose membrane as scmiite spot (dot) to give a simple and
reliable assay [22]. Purified EMA-1 was utilized @épaluate antigenic responses. Dot blot
analysis showed a positive reaction of the supanmtadf recombinant strain using anti-
histidine monoclonal antibody, monoclonal antiboagti-EMA-1, and serum of equine
positive carrier ofT. equj and did not show reactivity with serum of negatanimal. No
reactivity was observed with control negative pratéfhe immunogenicity of rEMA-1
protein was demonstrated by IFAT using sera frooom&inant protein immunized mice
using aluminum hydroxide as adjuvant. All animaécainated with rEMA-1 developed a
high specific antibody response (data no showetl) [2

The P. pastorisexpression system has been used for the produstianwide variety
of proteins [16]. However, to the best of our knesgde this is the first report on the cloning

and expression of EMA-1 protein ih pastoris.
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CONCLUSION

In conclusion, the production and purification BIMA-1 in the methylotrophic yeast
P. pastoriswas effective, permitting a high-yield productiohthis protein. Thus, in this
work we were able to clone in a secretory expresplasmid and purified EMA-1 protein in
P. pastoris. Further studies will focus in apply these recombinantigen for use in

immunodiagnosis assays, and possible as a candislateccine antigen for theleiriosis.
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FIGURES

Tabela 1. PCR primers used in this study.

Primer DNA sequence (|0 3) restriction enzyme

Primer 1 CGGAATTCACAAAATGGAGGAGGAGAAACCCAAG EcdRlI
Primer 2 GGGGTACAATAGAGTAGAAAATGCAATG Kpnl
5" AOX1 GACTGGTTCCAATTGACAAGC

3'AOX1 GGATGTCAGAATGCCATTTGC

e

Figure 1. Map of the pPIGB/EMA-1 expression vector.
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5090bp
3054bp

1018bp i

506bp
506bp

Figure 2. Analysis of amplified EMA-1 gene and nexdtmnant of pPIC4AB/EMA-1. (A) PCR
amplification of EMA-1 gene. Lane-M: DNA marker,)(tontrol (2) EMA-1 gene. (B)
Restriction analysis of recombinants pPYBZEMA-1. Lane-M: DNA marker, (1) pPICB

(2) restriction recombinants.

Figure 3. Colony blotting analysis of transform@d pastorisstrain X-33 with MAb Anti-
6xHIS HRP conjugated. Membranes A and B: Arrowdicate positive colonies expressing
EMA-1; selected recombinant colony for scale upregpion test are indicated with an

asterisk; C+ positive control.
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r X-33
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Figure 4. Time-course of rEMA-1 secretion in shflleek cultures oPichia pastorigositive

clone. Dot Blotting of supernatant collected atach 24 h of induction with 1% methanol.

60.0kD

30.0kD
25.0kD

Figura 5. The 10% SDS-PAGE. Lane-M: marker; Larz $upernatant of non transformed
yeast cells before and after methanol inductionduss negative control; Lane 3-4:

supernatant of transformed yeast cells before &rdraethanol induction.
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A - | -

| - | -
Figure 6. rEMA-1 Dot blot Reactivity against different antibodies (A) ahitidine
monoclonal antibody; (B) anti-EMA-1 monoclonal datdy; (C) sera from positive equine;

(D) sera from negative equine. In left of membrawas spotted a negative control and right

the rEMA-1 protein precipitated with ammonium stefa
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ABSTRACT

The equine piroplasmosis caused Hyeileria equiis one of the most important parasitic
diseases of the equine, causing damage to aniralthfend economic losses. Tn equj two
merozoite surface proteinsgui merozoite antigeBMA-1 and EMA-2, have been identified
as the most immunodominant antigens. Thus, suggetitat these antigens might be used as
immunobiological tools. The EMA-1 dfheileria equiwas cloned and expressed in the yeast
Pichia pastoris The transformed yeast was grown at high cell ileexpressing up to 389
mg.L* of recombinant protein. The protein was conceetrpirified and detected Dot blot

The recombinant product was antigenically simitatite native protein as determined using
monoclonal antibodies, and polyclonal antibodiesaimed from naturally infected equine
with T. equi The immunogenicity of rEMA-1 protein was demoatd by IFAT using sera
from recombinant protein immunized mice using alwm hydroxide as adjuvant. All
animals vaccinated with rEMA-1 developed a highcepe antibody response. This results
suggest that rEMA-lexpressed i pastorismight be used as an antigen for immune

diagnostic as well as vaccine antigen.
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RESUMO

A piroplasmose eqiina causada fdreileria equié uma das mais importantes doencas
parasitarias de equlideos, causando danos a saatk anperdas econémicas. Efm equij
duas proteinas de superficie de merozoiqsj merozoite antigeEMA-1 e EMA-2, tém
sido identificados como antigenos imunodominaregierindo que estes antigenos possam
ser usados como produtos imunobioldgicos. O genéd-EMde T. equi foi clonado e
expressado na leveduRichia pastoris As leveduras transformadas foram cultivadas a alt
densidades celulares expressando 389 thgle proteina recombinante. A proteina foi
concentrada, purificada e detectadal@oh blot. O produto recombinante foi antigenicamente
similar a proteina nativa quando determinado usamecorpo monoclonal e anticorpos
policlonais obtidos de equinos naturalmente infdmsacomT. equi A imunogenicidade da
proteina rEMA-1 foi demonstrada por RIFI usandooste camundongos imunizados com
proteina recombinante usando hidroxido de alumitbono adjuvante. Todos animais
vacinados com rEMA-1 desenvolveram uma alta reapespecifica de anticorpos. Esses
resultados sugerem que rEMA-1 expressaPerpastorispossa ser usado como antigeno para

diagnostico imunolégico bem como antigeno paraneaci

Palavras chave3heileria equivacina recombinant®,ichia pastoris EMA-1

INTRODUCTION

The equine piroplasmosis is one of the most imporfzarasitic diseases of the
equines, it causes great damage to animal hedithdiEease is a haemoparasitosis caused by
Theileria equiand Babesia caballiis a tick-borne hemoprotozoan disease affectiongds
worldwide (SCHEIN, 1988). Through infecting and weging red blood cells, it can
compromise the equine function, leading to loseitality and decrease in the performance of
infected animals. Equine piroplasmosis caused .bgquiis more pathogenic and widespread
in horses than that by. caballi(DE WAAL, 1992), causes a persistent infection vidrich
drug therapy or vaccination is not available (SCNEL988; FRIEDHOFF, 1990). Thé.
equiinfection is characterized by fever, anemia, icdeland hepato and splenomegaly (OIE,
1989).

Merozoite surface proteins are important in thehpgénesis of hemoprotozoan

diseases because of their role in parasite regogrof, attachment to, and penetration of host
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erythrocytes (JACK & WARD, 1981; KUMAR et al., 2004In T. equj two kinds of
merozoite surface proteinsgui merozoite antigeBMA-1 and EMA-2, have been identified
as the most immunodominant antigens (KAPPMEYER.et1893; KNOWLES et al., 1991;
KNOWLES et al.,, 1992). EMA-1 is geographically censed among alll. equiisolates
(KNOWLES et al., 1991; CUNHA et al., 2002) and ssasignificantly high homologies in
amino acid sequence with the counterpart proteiris n@any Theileria parasites
(KAPPMEYER et al., 1993; KNOWLES et al., 1997). Aulchally, EMA-1 has glycosyl-
phosphatidylinositol (GPI) anchor-specific motifs their sequence, suggesting that these
proteins might be expressed on the outer surfaoeeobdzoite with a GPI anchor (KNOWLES
et al., 1997). Th&. equimerozoite express surface protein of molecular rBddeDa, which
are strongly recognized by antibodies producedfiected animals (KNOWLES et al., 1997,
CUNHA et al., 2006). Further, EMA-1/2 are membefrshe major piroplasm surface protein
(MPSP) family that is conserved among the gefusileria but the biological role of MPSP
has not yet been clarified. Therefore, functionatlies on EMA-1/2 family proteins may also
provide insight into the biological significance PSP expression in the intra-erythrocytic
development oT heileriaparasites.

The methylotrophic yeadichia pastoris which is one of the dominant expression
systems in molecular biology due to its stable armgh-level expression of heterologous
proteins (CREGG et al., 1993, ROMANOS et al., 19@8)er 400 proteins from prokaryotes,
eukaryotes, and viruses have now been successfiphgssed in this yeast (CEREGHINO et
al., 2002). TheP. pastorisexpression system offers many advantages, induitnease of
usage relative to other eukaryotic expression systéhe possibility of high-level expression
of foreign proteins. The yeast is also able to oditice eukaryotic post-translational
modifications such as glycosylation and proteolyrocessing (CEREGHINO & CREGG,
2000).

The present study aims to express truncated EMA#fe dyPichia pastorissystem
and subsequently determine the immunologic andy@mi properties of recombinant EMA-1

protein.
MATERIALS AND METHODS
Transformation of P. pastoris and expression in shaken flasks

The transformation oP. pastorisand cultivation in shaken flasks were performed

according to the EasySel&¢tPichia Expression Kit (Invitrogen, Catalog No. KD701). A
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DNA encoding the EMA-1 fronT. equiwas obtained as previously described Nicolaiewsky
et al. (2001). The EMA-1 gen@enBank accession number AF2618%8s amplified by
PCR with the following primers: forwar®&'(CGGAATTCACAAAATGGAGGAGGAGAA
ACCCAAG-3) and reverse 5-GGGGTACAAATAGAGTAGAAAATGCAATG- 3),
containing aEcaR| (forward) and arXbal site (reverse), respectivelpfter purification and
digestion, the amplified DNA fragment was clonedoithe vector. Theescherichia coli
TOP10F were used as a host for plasmid propagalioeP. pastoriswild type strain X-33
and pPIC4B vector were used as a host for expression of EIMA-P. pastoris The P.

pastoristransformants were selected in YPD containing 1@0nmh zeocin.

Precipitation of protein

Proteins in the media were precipitated by addiabeolid ammonium sulfate to 80%
and incubation at 4°C for 16 hours. Precipitatedtgdn was pelleted by centrifugation at
12.000g for 15 min and the pellet was resuspended in b#&S. The solution was desalted
by overnight dialysis against buffer PBS at 4°Cot@in quantitation was determined using
the BCA™ Protein Assay Kit (Pierce Chemical Company) witvibe serum albumin as a

standard.

Dot blot

Dot blot assays were performed using 7,5 ug of recombipgotein. As a negative
control, 20 pL of a membrane preparation fron®.apastorisclone transformed with the
empty expression vector. The proteins were spattéd a nitrocellulose membranidybond
C, Amersham Biosciences). The nitrocellulose memdgsavere blocked for 1 hour at room
temperature in PBST buffer containing 5% of non#falk. One membrane was incubated
with  monoclonal antibody anti-His peroxidase comjiegg and other membrane with
monoclonal antibody anti-EMA-1. Two membranes wigreubated with serum of equines
negative and positive for infection @ equj respectively. Membranes were incubated with
secondary antibodies for 1 hour with goat anti-easanti-mouse IgG peroxidase conjugate.

The reaction was developed witlaminobenziding€Sigma).

Immunization of mice
The recombinant purified protein was prepared fomunization of mice Nlus
muscullu$, female BALB/c mice (six weeks old) were randordiyided into three groups
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(four mice per group) and subcutaneously immunizade at 10 days intervals. One group
(Gl) was injected with EMA-1 protein (50 pg) withtoadjuvant. The other group (GIl) was
injected with 50 pg of EMA-1 protein formulated tvithe adjuvant aluminutmydroxide. The

final group (GlIl) was used as a negative contmud @njected with 100 ul of sterile PBS.
Serum samples were collected from the retro-orpitus immediately before immunization
and about 10 days after each of the immunizatiom$ ased in serological tests. The

experiment was approved by the UFPel Committeglut& in Animal Experimentation.

Immunofluorescence assay

Antibody titers of the serum samples against #gwmbinant protein were measured
with IFAT. The slides were prepared with infectemtdes erythrocytes in which are visible as
compact inclusion by IFAT staining. IFAT was perfaed according to the Cunha (1993).
Then polled serum from the different groups wereleald incubated, and applied FITC-
conjugated goat anti-mouse IgG (Invitrogen), petl wiuted at 1:400 in PBS buffer. The

visualization slides were in epifluorescent micase (Olympus, BX-FLA).

RESULTS AND DISCUSSION

Expression and purification of rEMA-1 in P. pastoris

TheP. pastorisgene expression system is an attractive methddwhich to produce
a variety of intercellular and extracellular protei (CREGG et al., 1993). Since, we
previously isolated a DNA encoding this protein, decided to clone the DNA sequence
encoding EMA-1 without its native signal peptidetire P. pastorispPICZB plasmid, in
frame with the yeast a-factor signal sequenceséaretion of protein containing a 6His-Tag
at its C-terminus. The pPIGB-EMA-1 plasmid was then transformed and targetethéP.
pastorisgenome by means of homologous recombination. Tésepce of the EMA-1 coding
sequence in the genomic DNA isolated frBimhia transformants was confirmed by PCR. In
the P. pastorisexpression system, recombinant protein expressistrictly controlled by the
AOX1 promoter. Expression was induced by additidnn@ethanol to a final methanol
concentration of 0.5%. A protein that was not pneédefore methanol induction was detected
by SDS-PAGE (data not shown).

One of the main advantages in producing heterol®gooteins as secreted products in
P. pastorisis the easy isolation of the recombinant produeinfthe medium in which it is

produced. Indeed, the initial purity of recombinanblecule in culture medium is high
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because the level of endogenous secreted proteiwery low. Thus, after removal of the
yeast cells by centrifugation, proteins in the wdtsupernatant were precipitated with 80%
ammonium sulfate fractionation. The final yieldtbé purified protein was 389 mg of rEMA-

1 per liter of cell culture supernatant.

Detection of reactivity to recombinant EMA-1

Dot blotis a technique for detecting and identifying pirage similar to the/NVestern
blot technique but differing in that protein samples aot separated electrophoretically but
are spotted through circular templates directlyodhe membrane. Antigens may be applied
directly to nitrocellulose membrane as a discrpta §dot) to give a simple and reliable assay.

In order to evaluate the reactivity of recombin&MA-1 with sera fromT. equi
positive and negative equine, we testedDoy blot Positive samples were considered all of
those that developed a reaction color. Negativérolsnsamples did not develop any color.

In Dot blots we are able to observe that the rEMA-1 proteacted with the serum
from naturally infected horse By, equj but did not with the serum of the negative horse.

The figure 1 show the reactivity of the rEMA-1 et using anti-histidine
monoclonal antibody, monoclonal antibody anti-EMAahd serum of equine positive carrier
of T. equj and did not show reactivity with serum of negatanimal. No reactivity was
observed with control negative protein.

Immunogenicity of the rEMA-1 protein in mice

Mice immunized with the recombinant protein shoviigh antibody response, were
able to react with native EMA-1 Of. equias observed by IFAT. Sera from the negative
control group did not react with native EMA-1, show the specificity of the response
(Figure 2). These results indicate that immunearsp was generated in all the vaccinated
groups, showing that recombinant protein has céipabd generated antibodies that react
with the native protein. We also observed thatahgbody titers have significant difference
between the groups with without adjuvant. This Wwambting that rEMA-1 expressed i
pastoris maintain the same three-dimensional structurehasngative protein since it was
recognized by antibodies generated by naturallgciefd horses.

The P. pastorisexpression system has been used for the productianwide variety
of proteins (CEREGHINO & CREGG, 2000). However thie best of our knowledge this is

the first report on the cloning and expression A1 protein inP. pastoris.
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In conclusion, the production and purification BEMA-1 in the methylotrophic yeast
P. pastoriswas effective, permitting a high-yield productiofthis protein. Thus, rEMA-
lexpressed if°. pastorismight be a strong candidate to be used as aneantay immune

diagnostic as well as vaccine antigen.
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FIGURES

A - | -

| - | -
Figure 1. rEMA-1 Dot blot Reactivity against different antibodies (A) ahitidine
monoclonal antibody; (B) anti-EMA-1 monoclonal dady; (C) sera from positive equine;

(D) sera from negative equine. In left of membrawas spotted a negative control and right

the rEMA-1 protein.

Figure 2.IFAT of sera from immunized mice with rEMA-1. (ApBl of sera from immunized

mice twice in the presence of adjuvant; (B) Micamunized with sterile PBS; (C) IFAT

positive control (equine sera with FITC anti-eqQine



6 CONSIDERACOES FINAIS

Durante a interacdo parasito-hospedeiro, as proteinas de superficie do
parasito sdo as principais responsaveis pela resposta imune do hospedeiro, sendo
qgue, o0s antigenos de superficie sdo promissores para uso como vacinas de
subunidade e reagentes para diagndstico.

As tentativas para controlar a epidemia da doenca causada pelo protozoario
T. equi tem sido focalizadas em estudos biolégicos, bioquimicos, estruturais do
parasito e no desenvolvimento de novas drogas. As proteinas de superficie do
merozoito desempenham um papel chave no estabelecimento da infeccédo, a
interacdo da EMA-1 com as células do hospedeiro é crucial para a sua infectividade
(KUMAR, et al., 2004). Sabendo-se que P. pastoris € um sistema de expressao de
proteina de grande eficiéncia e reproduz as melhores condigbes de expressdo de
proteina de eucariotos superiores, neste estudo, este organismo foi selecionado
como o ideal para a producdo de EMA-1 com a finalidade de utiliza-la como antigeno
vacinal recombinante.

A escolha do sistema utilizado para a expressdo da EMA-1 recombinante,
assim como, a definicdo dos objetivos foi extremamente importante. O entendimento
de que EMA-1 seria utilizada ndo s6 para a produgdo de vacinas, mas também para
a padronizacdo de um teste imunolégico para diagnostico e para teste de protocolos
terapéuticos, nos remeteu a necessidade de uma molécula extremamente
semelhante a nativa.

No entanto, a capacidade de traducédo de uma sequéncia de DNA seria igual
em qualquer vetor de expressao. Porém, as diferencas se baseiam principalmente
na capacidade de produzir glicosilacdo da proteina, e na quantidade de proteina que
0 vetor € capaz de produzir. A glicosilacdo em proteinas pode influenciar na
bioatividade, farmacocinética, biodistribuicdo e imunogenicidade da molécula.
Células procariontes ndo conseguem adicionar carboidratos (glicosilar); leveduras
bem como outros sistemas eucarioticos sdo capazes de glicosilagcbes mais simples

normalmente sem a capacidade de sializacdo e com baixa capacidade de
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glicosilacdo ligada ao O. A escolha do modelo de expresséo da EMA-1 foi baseada
nos dados citados acima.

Varias proteinas ja foram expressas em P. pastoris, entretanto, até o
momento ndo ha relato de expressdo de EMA-1 de T. equi nesta levedura para ser
utilizado como um antigeno recombinante. Desta forma, este trabalho € pioneiro
quanto a utilizacdo de P. pastoris como vetor de expressao de proteina EMA-1 de T.
equi na tentativa de ser utilizada como antigeno em produtos imunobioldgicos.

Com os resultados deste estudo desenvolvemos ferramentas que podera ser
utilizadas para melhor entender a patogenicidade deste importante parasito bem

como sua utilizacdo em estudos de vacinas e de diagnoéstico.
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7 CONCLUSOES GERAIS

- A levedura P. pastoris é capaz de expressar a proteina recombinante
EMA-1 de Theileria equi;

- A proteina EMA-1 expressa por P. pastoris mostrou ser antigénica e

imunogénica;

- A proteina EMA-1 é um promissor alvo a ser utilizado como imunobiolégico
no desenvolvimento de testes diagndsticos e na formulacdo de vacinas

recombinantes.

- Primeira citagdo da clonagem e expressédo do gene EMA-1 de T. equi em

sistema de expressédo heterélogo P. pastoris;
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