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Resumo

FERNANDES, Maureen Hoch Vieira. Propriedades antigénicas e imunogénicas
daregido conservada da proteina do nucleocapsideo do virus da cinomose
canina expressa em sistema procarioto. 2015. 51f. Dissertacdo (Mestrado em
Ciéncias) - Programa de Pos-Graduacdo em Veterindria, Faculdade de Veterinaria,
Universidade Federal de Pelotas, Pelotas, 2015.

O objetivo deste trabalho foi a expressdo da regido conservada da proteina do
nucleocapsideo do virus da cinomose (aa 222-316) em Escherichia coli e posterior
avaliacdo de suas propriedades antigénicas e imunogénicas. Para tal, a regido
conservada do gene da proteina do nucleocapsideo do virus da cinomose canina (NP
CDV) foi selecionada e coddn otimizada para expressao em E. coli. O gene sintético
foi inserido em um vetor pAE e clonado em cepas E. coli TOP10F. A proteina
recombinante foi expressa em E. coli cepa Star e purificada por cromatografia de
afinidade. A concentracdo de proteina obtida apds purificacdo foi aproximadamente
300 mg/mL. A expressdo da proteina recombinante NP do CDV (rCDVNP) foi
confirmada por eletroforese em gel de poliacrilamida (SDS-PAGE) e Western blot
utilizando anticorpos monoclonais anti His tag. A antigenicidade da rCDVNP foi
demonstrada por Western blot e ELISA indireto, empregando soros de cées positivos
e negativos para cinomose canina. A rCDVNP foi inoculada em galinhas e
imunoglobulina Y (IgY) foi purificada a partir da gema de ovo, utilizando o método de
delipidacdo com &gua destilada acidificada e precipitacdo com sulfato de aménia. A
purificacdo de IgY foi confirmada por SDS-PAGE e a concentracdo média de IgY que
se obteve foi 28,55 mg/mL. A producao de IgY anti-rCDVNP foi analisada por Western
blot e ELISA indireto. Os resultados demonstraram que o gene sintético codificante da
regido conservada da NP do CDV foi clonado com sucesso utilizando o vetor pAE em
E. coli, resultando posteriormente na expressdao de porcdo da NP na forma
recombinante. A rCDVNP demonstrou ser antigénica, uma vez que 0s soros de caes
positivos para cinomose canina reconheceram a proteina. A rCDVNP foi imunogénica
apos inoculacdo em galinhas, sendo possivel o isolamento e purificacdo de alta
concentracéo de IgY especifica a partir de gema de ovo. Estes resultados sugerem
que tanto a rCDVNP quanto a IgY anti-rCDVNP produzida podem ser utilizadas como
ferramentas Uteis em ensaios de imunodiagndstico da cinomose canina.

Palavras-chave: expressao; proteina do nucleocapsideo; virus da cinomose canina;
Escherichia coli; imunoglobulina Y.



Abstract

FERNANDES, Maureen Hoch Vieira Fernandes. Antigenic and immunogenic
properties of the conserved region of Canine distemper virus nucleocapsid
protein expressed in Escherichia coli. 2015. 51f. Dissertation (Master degree in
Sciences) - Programa de Pos-Graduacgdo em Veterinéria, Faculdade de Veterinaria,
Universidade Federal de Pelotas, Pelotas, 2015.

The purpose of this study was the expression of the conserved region of Canine
distemper virus nucleocapsid protein (aa 222-316) in Escherichia coli and subsequent
evaluation of its antigenic and immunogenic properties. The conserved region of
Canine distemper virus nucleocapsid (CDV NP) gene was selected and codon
optimized for E. coli expression. The synthetic gene was inserted in a pAE vector and
cloned into E. coli TOP10F strain. The recombinant protein was expressed in E. coli
Star strain and purified by affinity chromatography. The protein yield after purification
was approximately 300 mg/mL. Recombinant CDV NP (rCDVNP) expression was
confirmed by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) and Western blot analysis by using His-Tag monoclonal antibodies. The
rCDVNP antigenicity was demonstrated by Western blot and ELISA, employing
positive and negative CDV dog sera. The rCDVNP was inoculated in hens and
immunoglobulin Y (IgY) was isolated and purified from egg yolk, according the
delipidation method with acidified distilled water and the precipitation method with
ammonium sulfate. The purification of IgY was confirmed by SDS-PAGE and the mean
yield of IgY was 28.55 mg/mL. The production of IgY anti-rCDVNP was analyzed by
Western blot and ELISA assays. The results showed that the synthetic gene coding
the conserved region of the NP CDV was successfully cloned using pAE vector in E.
coli, resulting in the expression of a recombinant NP. The rCDVNP proved to be
antigenic, since distemper positive dog sera recognized the protein. The rCDVNP
proved to be immunogenic after inoculation in hens and it was possible to isolate and
purify high concentration of specific IgY from egg yolk. These results suggest that both
rCDVNP as IgY anti-rCDVNP produced can be used as useful tools in
immunodiagnostic assays of canine distemper.

Keywords: expression; nucleocapsid protein; canine distemper virus; Escherichia coli;
immunoglobulin Y.
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1 Introducéo

A cinomose canina € uma das principais doencas que afeta cdes, com altas
taxas de morbidade e mortalidade (ELIA et al., 2015). A enfermidade possui
distribuicdo mundial, sendo considerada endémica na populacdo de cées do Brasil
(BUDASZEWSKI et al., 2014). Seu agente causador € o virus da cinomose canina
(Canine Distemper Virus — CDV), pertencente ao género Morbillivirus da familia
Paramyxoviridae (ICTV, 2014). Os morbilivirus sdo virus envelopados que possuem
uma fita simples de RNA que codifica seis proteinas estruturais (McCARTHY et al.,
2007).

Dentre as proteinas que compdem o virion, destaca-se a proteina do
nucleocapsideo (NP), proteina estrutural mais abundante que desempenha um papel
essencial na regulacdo da replicacédo viral (YUAN et al., 2015). A NP é altamente
conservada (STETTLER & ZURBRIGGEN, 1995), e devido as suas caracteristicas
tem sido usada como alvo para deteccdo em testes de imunodiagnostico de diversos
virus, tais como os influenzavirus (JI et al.; 2011; ZHANG et al., 2014), coronavirus
(CHEN et al., 2015; PALANIYAPPAN et al., 2012), bunyavirus (FUKUSHI et al., 2012;
LEE et al., 2015), e também para diagndstico de alguns morbilivirus (RAJ et al., 2008;
YADAV et al., 2009), inclusive o virus da cinomose canina (BARBEN et al., 1999;
LATHA et al., 2007a; LATHA et al., 2007b; VON MESSLING et al., 1999).

Esses métodos de diagndéstico utilizados muitas vezes se baseiam no uso de
antigenos recombinantes (YADAV et al., 2009). Tradicionalmente, a produgédo de
proteinas virais para uso em testes envolvia propagac¢ao e purificacdo de proteinas
virais. No entanto, ha muitas dificuldades associadas a esse processo que entravam
a producéo de antigenos (SPENCER et al., 2007). Neste contexto, surge a producao
de proteina recombinante em sistemas microbianos, facilitando a expressdo e
purificacdo de proteina e permitindo assim a sua caracterizacdo bioquimica e
utilizacdo no desenvolvimento de produtos comerciais (ROSANO & CECCARELLI,
2014). Dentre os sistemas de expressao disponiveis, 0 que utiliza a Escherichia coli &
0 mais amplamente difundido e que apresenta um grande numero de ferramentas, o

que facilita a expressdo da proteina pela sua relativa simplicidade, baixo custo e
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obtencao de alta densidade de cultivo rapidamente (SOGRENSEN & MORTENSEN,
2005).

Outra importante ferramenta utilizada em testes de diagnostico sao
imunoglobulinas especificas para a deteccdo ou quantificagcdo de antigenos
associados a diferentes técnicas (MUNHOZ et al, 2014). A producdo de
imunoglobulina Y (IgY) em galinhas, surge como uma fonte alternativa promissora
para a producéo de grandes concentracdes de anticorpos especificos e com elevada
afinidade para serem utilizados na imunodeteccdo e imunodiagnéstico (JINXIN et al.,
2015). A aplicacdo de IgY em ensaios de imunodiagnéstico viral € uma abordagem
eficiente, ja sendo descrita em diversos estudos realizados (ZHANG et al., 2015;
NAFEA et al., 2015).

Neste sentido, a proposta deste trabalho foi a expressdo de uma regido
conservada da NP do CDV em sistema procarioto (E. coli) e caracterizacdo da
proteina recombinante, além da producao e isolamento de IgY anti-NP em galinhas
visando futuramente a elaboracdo de um ensaio imunodiagnostico utilizando esses
produtos. Por fim, os resultados foram compilados na forma de um artigo intitulado
“Antigenic and immunogenic properties of the conserved region of canine distemper
virus nucleocapsid protein expressed in Escherichia coli employing codon optimized
synthetic gene”, que foi submetido ao peridédico cientifico Journal of Virological
Methods.



2 Revisdo da Literatura

2.1 Virus da cinomose canina

O virus da cinomose canina (Canine distemper virus — CDV) é um patdégeno
altamente contagioso, causador de uma infec¢cao generalizada em sua forma aguda e
localizada no sistema nervoso central em sua forma cronica (BEINEKE et al., 2009).
E o agente infeccioso que tem a segunda maior taxa de mortalidade em cies
domeésticos no mundo, com percentuais inferiores apenas ao virus da raiva (DEEM et
al., 2000). Seu espectro de hospedeiro compreende além de cées, outros animais
carnivoros e ndo carnivoros (ALLDINGER et al., 1993; VAN MOLL et al., 1995;
YOSHIKAWA et al., 1989). Da mesma forma como 0s outros paramixovirus, possui
uma arquitetura complexa, que consiste basicamente de um envelope lipoprotéico,
um nucleocapsideo e uma proteina matriz (VAN REGENMORTEL et al., 2000). O seu
RNA genbmico é de fita simples, de sentido negativo, e codifica seis proteinas
estruturais: a proteina de fuséo (F), a hemaglutinina (H), a fosfoproteina (P), proteina
polimerase viral (L) e a proteina do nucleocapsideo (NP) (ELIA et al., 2006).

Existem diversas linhagens e genoétipos do CDV que estdo amplamente
distribuidos nos continentes (MARTELLA et al., 2007). No Brasil, a cinomose canina
€ uma doenca endémica, e ja foram detectadas duas linhagens diferentes do virus
circulando na América do Sul (BUDASZEWSKY et al., 2014). Testes soroldgicos e
ensaios histopatoldgicos demonstraram que o virus estd amplamente difundido na
populacao de caes nao vacinados no interior do Rio Grande do Sul (DEZENGRINI et
al.,, 2007; HEADLEY & GRACA, 2000). Além disso, outros estudos regionais
demonstram que a cinomose canina € a causa mais importante de morte precoce e
eutanasia em caes no Brasil (BENTUBO et al., 2007; FIGHERA et al., 2008).

O CDV infecta, inicialmente, tecidos dos sistemas respiratério e digestorio,
seguido dos tecidos linfaticos adjacentes e difundindo sistemicamente (BEINEKE et
al., 2009). A severidade da infeccao ira variar de acordo com a viruléncia da cepa

infectante, idade do animal hospedeiro e condicdo do seu sistema imunoldgico
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(MARTELLA et al., 2008). O resultado, entdo, pode variar desde uma infeccéao
subclinica uma variedade de sinais clinicos, sendo frequente desenvolver desordens
no trato respiratorio, gastrointestinal, ocular, nervoso e cutaneo, que podem aparecer
de forma simultanea ou sequencial, (MARTELLA et al., 2008; McCARTHY et al.,
2007), além de severa leucopenia e perda da capacidade de proliferacdo dos
linfécitos, causando imunossupressdo no animal e favorecendo o surgimento de
infeccbes oportunistas (BEINEKE et al., 2009). O sinal tardio mais comum de se
observar é a leucoencefalite desmielinizante (LEMPP et al., 2014).

Uma variedade de parametros clinicos e técnicas de imunodiagndéstico podem
ser realizadas para se chegar a um diagndéstico ante mortem definitivo da cinomose
canina (ELIA et al., 2015). No entanto, por ser uma doenca com carater imprevisivel
e curso variavel, muitas vezes o diagnostico final € inconclusivo (FRISK et al., 1999)
ou realizado apenas pela observacdo das manifestacdes clinicas compativeis com a
infeccdo (LATHA et al., 2007b). Dentre os testes laboratoriais disponiveis para o
diagnéstico estao isolamento viral, imunofluorescéncia direta (CHENG et al., 2015) e
a soroneutralizacdo (JENSEN et al., 2015). Além disso, técnicas moleculares de
diagnéstico tais como a RT-PCR e a qRT-PCR, demonstraram alta sensibilidade e
especificidade (ELIA et al., 2006; SAITO et al., 2006). Testes de imunocromatografia
e ELISA também se mostraram vantajosos por serem rapidos, de facil execucédo e
com boa sensibilidade (AN et al., 2008; POTGIETER & AJIDAGBA, 1989, SOMA et
al., 2003). O diagndstico post mortem geralmente é realizado com achados de
necropsia associados com a imunohistoquimica (HEADLEY et al., 2009; LAN et al.,
2009).

A prevencéo da doenga se da principalmente pelo uso de vacinas (FISCHER
et al., 2013). O tratamento dos animais doentes consiste basicamente em terapia de
suporte e o uso de antibidticos para evitar o aparecimento de infeccbes secundarias,
visto que ndo existem drogas antivirais disponiveis comercialmente (MARTELLA et
al., 2008). E recomendavel ainda que os animais permanecam em isolamento para
evitar a propagagdo do virus (LEISEWITZ et al., 2001). O CDV é rapidamente
inativado no meio ambiente, no entanto, persiste por mais tempo em ambiente seco e
frio, sendo capaz de permanecer viavel por varias semanas em temperaturas entre 0
e 4°C (APPEL, 1987). Por isso, indica-se desinfeccdes e limpezas de rotina no
ambiente, visto que o CDV, como os demais virus envelopados, facilmente séo
inativados com tais procedimentos (MARTELLA et al., 2008).
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2.1.1 Proteina do nucleocapsideo

A proteina do nucleocapsideo (NP) esta associada com o genoma do CDV,
sendo responsavel pela protecdo do material genético contra a digestdo de enzimas
(LAMB & KOLAKOFSKY, 2001). Ela é produzida em grande quantidade nas células
do hospedeiro (STETTLER; ZURBRIGGEN, 1995), sendo expressa logo no inicio do
ciclo de replicacédo viral (LATHA et al.,, 2007b). A NP é a principal reguladora da
replicacdo do CDV (STETTLER; ZURBRIGGEN, 1995), visto que o complexo formado
pela sua associagcdo com 0 genoma se constitui no substrato para a sintese de RNA
durante a transcricdo e replicagdo do material genético (LAMB & KOLAKOFSKY,
2001).

A NP possui um total de 523 aminoacidos (YOSHIDA et al., 1998) e peso
molecular de aproximadamente 60 kDa (MASUDA et al., 2006; SHIN et al., 1997). A
proteina tem duas regides variaveis, a C-terminal, que interage com as proteinas virais
L e P e controla a replicacéo e transcricdo do genoma (HORIKAMI et al., 1992), e a
N-terminal que interage com o genoma durante o processo de morfogénese da
particula viral (MORGAN et al., 1984). Estas regides flanqueiam a regido mediana que
é altamente conservada (STETTLER; ZURBRIGGEN, 1995). A proteina € altamente
imunogénica e ndo apresenta sitios de glicosilacdo (YUAN et al., 2015).

Por ser uma proteina imunodominante dos morbilivirus, diversos trabalhos
utilizaram a NP como alvo em testes de diagnéstico (BALAMURUGAN et al., 2006;
YADAV et al., 2009; YU et al., 2006). Da mesma forma, alguns estudos sugerem que
a NP do CDV possui alto potencial para ser usada no diagnéstico da cinomose canina
(Yl & CHENG, 2014; LATHA et al.,, 2007a; LATHA et al., 2007b), sendo sugerida
também como proteina referéncia na pesquisa de anticorpos em infecgdes recentes
(ELIA et al., 2015).

A NP do CDV ja foi expressa em diferentes sistemas, como em baculovirus
(VON MESSLING et al., 1999), células Vero (SHIN et al., 1997) e em Escherichia coli
(BARBEN et al.,, 1999; LATHA et al.,, 2007b, YI & CHENG, 2014). Dentre eles, a
expressdao em E. coli se mostrou mais vantajosa, devido a relativa facilidade
envolvendo a expressao e purificacdo de proteinas recombinantes nesse sistema
(BARBEN et al., 1999; LATHA et al., 2007, YI & CHENG, 2014).



17

2.2 Expressédo de proteinas em Escherichia coli

A escolha do hospedeiro cuja a maquinaria sera utilizada para sintese de
proteina € uma etapa crucial para o inicio do processo de expressado de proteinas
recombinantes. Dentre os microrganismos disponiveis estao as bactérias, leveduras,
fungos filamentosos e algas unicelulares (ROSANO & CECCARELLI, 2014). A
escolha entre um desses sistemas é realizada dependendo do que € requerido para
expressdo da proteina recombinante (SPENCER et al., 2007). Entretanto, sabe-se
gue o sistema que utiliza E. coli € o mais amplamente utilizado para investigacfes
laboratoriais (PAPANEOPHYTOU & KONTOPIDIS, 2014).

A maioria dos pesquisadores utilizam E. coli principalmente pelo vasto
conhecimento que ja existe sobre a sua biologia, ferramentas disponiveis, além da
facilidade de cultivo, produzindo boas concentracdes de proteinas codificadas pelos
genes clonados (LAVALLIE, 2001). No entanto, existem fatores desfavoraveis, como
por exemplo a incapacidade da E. coli de fazer algumas modifica¢cdes pos-traducéo,
0 gque pode prejudicar a especificidade antigénica (SPENCER et al., 2007).

E importante ressaltar que a E. coli expressa em altos niveis codons que s&o
comuns a ela, porém se no gene recombinante ha cédons que sédo considerados raros
para a bactéria, estes sdo expressos em niveis relativamente baixos (BAESHEN et
al., 2015). Uma forma de otimizar essa expressao € a utilizacdo de um DNA sintético,
gue tem sido frequentemente empregado como uma forma vantajosa na elaboracao
dos genes codificantes das proteinas alvo (NEWCOMB et al., 2007). Além disso, 0
emprego de genes sintéticos é compativel com alteracdes ou substituicdo de codons
do gene original, resultando em uma otimizag&do da expressdo no sistema escolhido
(WELCH et al., 2009).

2.3 Imunoglobulina Y

A imunoglobulina Y (IgY) é a principal imunoglobulina produzida pelas galinhas
(Gallus domesticus), sendo continuamente sintetizada e secretada no sangue e
transferida para a gema do ovo, onde €& acumulada em altas concentracdes
(MORRISON et al., 2002). E composta por duas cadeias leves (LC — light chain) e
duas cadeia pesadas (HC — heavy chain), sendo as LC (18,660 kDa) e as HC (65, 105

kDa) compostas por regides variaveis e constantes (SUN et al., 2001). A IgY possui
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propriedades distintas que servem como um atrativo para 0 seu emprego em diversos
campos da pesquisa, diagnoéstico e terapia (MUNHOZ et al., 2014). Dentre elas,
destacam-se o bem-estar animal, pois ha uma reducédo no uso de animais e menor
invasibilidade; o custo, visto que o processo de isolamento de imunoglobulinas é
econdmico, de alto rendimento, simples e r4pido; além disso, IgY néo reage de forma
cruzada com receptores da porcao Fc ou ativa o sistema complemento, reduzindo
assim resultados falsos positivos em testes diagnostico (KARLSSON et al., 2004).

Existem diversas técnicas ja descritas para o isolamento de IgY da gema de
ovo, e elas podem ser usadas individuais ou em combinagdo, dependendo da
quantidade, da atividade biolégica requerida e da pureza que se pretende obter
(SCHADE et al., 2001). Durante a primeira etapa do isolamento ocorre um processo
de delipidacdo, que consiste na extracdo de lipidios soluveis e lipoproteinas (KO &
AHN, 2007). Para tal, sdo empregados métodos que utilizam, por exemplo, agua
destilada acidificada (AKITA & NAKAY, 1992), polietilenoglicol (POLSON, 1990) e
xantana (HATTA & KIM, 1990). Na segunda etapa do processo (a separacdo das
imunoglobulinas), em geral utilizam-se métodos que podem ser divididos em trés
principais grupos: meétodos de precipitacdo, métodos cromatogréficos e de
ultrafiltracdo (GUIMARAES et al., 2008).

Essas imunoglobulinas provenientes de aves possuem uma grande variedade
de aplicacbes nas areas cientificas (SPILLNER et al., 2012). Ja foram descritas
diversas abordagens terapéuticas em animais e humanos utilizando IgY (TAKEUCHI
et al., 2014; SAMPAIO et al., 2014; VEGA et al., 2013). A aplicagcéo de IgY em ensaios
de imunodiagndstico de agentes infecciosos também ja foram amplamente descritas
em estudos realizados em bactérias (SANIEE & SIAVOSHI, 2015; VASCONCELLOS
et al., 2010), protozoarios (FERREIRA JUNIOR et al., 2012) virus (BENTES et al.,
2015; HE et al., 2015; NAFEA et al., 2015), sendo empregadas técnicas como ELISA,
imunofluorescéncia, imunohistoquimica, imunocromatografia. A resposta imune de
galinhas com o CDV como antigeno ja foi estudada por Schmidt et al. (1989) e
Guimaraes et al. (2009), sendo possivel a producgéo e purificacdo de IgY anti-CDV e
sugerindo o uso desse tipo de imunoglobulina como uma alternativa para o

diagnéstico da cinomose canina.
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Antigenic and immunogenic properties of the conserved region of canine
distemper virus nucleocapsid protein expressed in Escherichia coli

employing codon optimized synthetic gene

ABSTRACT

The purpose of this study was the expression of a conserved region of canine distemper virus
nucleocapsid protein (CDV NP) and evaluation its antigenic and immunogenic properties. The
target region of CDV NP gene was selected and codon optimized for E. coli expression. The
recombinant CDV NP (rCDVNP) was expressed in E. coli Star strain and purified by Ni?*
affinity chromatography column. The expression of rCDVNP was confirmed by sodium
dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and western blot analysis
by using His-Tag monoclonal antibodies. The protein yield after purification was
approximately 300 mg/mL. The rCDVNP antigenicity was further demonstrated by western
blot and ELISA employing positive and negative control dog sera. The rCDVNP was inoculated
in hens and immunoglobulin Y (IgY) was purified from the egg yolk and the mean yield of IgY
was 28.55 mg/mL. IgY reacted with the recombinant protein as demonstrated by western blot
and ELISA assays. In summary, our findings demonstrated that rCDVNP was antigenic since
CDV positive dog sera recognized the protein in vitro. Additionally, the rCDVNP proved to be
immunogenic in hens and it was possible to isolate a high concentration of specific IgY
antibodies from the egg yolk. Taken together, these results indicate that the rCDVNP along

with the specific 1gY could be useful tools for the canine distemper immunodiagnostic assays.

Keywords: Expression; CDV; NP; IgY.
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1. Introduction

Canine distemper virus (CDV) causes a disease known as canine distemper (CD), characterized
in acute systemic or chronic nervous infection (Beineke et al., 2009). CD is a worldwide
problem and it is associated with high morbidity and mortality (Elia et al., 2015), being
considered the second highest fatality rate of any infectious disease, after rabies, in domestic
dogs around the world (Deem at al., 2000). In Brazil, previous studies have shown that CD is
the most important cause of early death or euthanasia in dogs (Bentubo et al., 2007; Fighera et
al., 2008). The disease affects various organs, resulting in respiratory, nervous and
gastrointestinal disorders (Martella et al, 2008). It is also associated with severe leukopenia and
immunosuppression, favoring opportunistic infections (Beineke et al., 2009).

CDV is a Morbillivirus and belongs to the family Paramyxoviridae (ICTV, 2014). The genomic
RNA of the CDV is single stranded, negative-sense, and encodes six structural proteins: fusion
protein (F), hemagglutinin (H), matrix (M), phosphoprotein (P), viral polymerase protein (L)
and the nucleocapsid protein (NP) (Elia et al., 2006). The NP has been separated in three
regions, the variable N-terminus, the variable C-terminus and the highly conserved middle
region (Yoshida et al., 1998). It is produced in abundant amounts by host cells (Stettler and
Zurbriggen, 1995) being expressed early during the viral replication cycle (Latha et al., 2007b).
A variety of clinical parameters and immunodiagnostic assays can be performed for definitive
ante mortem diagnosis of CD (Elia et al., 2015). However, due to the unpredictable and variable
course of CD, many times the final diagnosis is inconclusive (Frisk et al., 1999) or only based
on the clinical manifestations of the dogs (Latha et al., 2007b). The recombinant DNA
technology and its application facilitate routine diagnosis of infectious diseases (Balamurugan

et al., 2010). Using the recombinant technology, some studies have demonstrated the detection
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of the NP or antibodies against NP for the CD diagnosis (Barben et al., 1999; Latha et al., 2007a;
Latha et al., 2007b; von Messling et al., 1999).

There are many options to express recombinant proteins depending on the specific requirement
(Spencer et al., 2007), however, Escherichia coli expression dominates the expression systems
and remains the first choice for laboratory investigations (Papaneophytou and Kontopidis,
2014). The expression in E. coli is relatively simple and a high yield of protein can be produced
(LaVallie, 2001). In order to further optimize protein expression, synthetic DNA have been
frequently used providing an advantageous way to obtain genes encoding target proteins.
Besides, it is possible to modify the natural gene with the aim of enhancing expression in
heterologous hosts (Welch et al., 2009).

In this study, we demonstrated the expression of a conserved region of CDV NP in E. coli
employing a codon optimized synthetic gene and the evaluation of its antigenic and

immunogenic properties in vitro and in vivo.

2. Materials and methods

All experiments were conducted in accordance with protocols approved by the Comisséo de
Etica em Experimentacdo Animal (CEEA) of the Universidade Federal de Pelotas (Permit

Number: 1251-2015).

2.1. Production of recombinant CDV NP (rCDVNP)
2.1.1. Construction of recombinant plasmid containing a codon optimized synthetic gene of

CDV NP
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All nucleotide sequences of the CDV nucleocapsid gene deposited in GenBank were analyzed
and the conserved sequence located in the central region of NP gene was selected for this study
(aa 222-316). The CDV NP nucleotide sequence was codon optimized for E. coli expression
and synthetized by GENONE®. Geneious Pro 4.8.5 and Vector NTI 8 softwares were used for
analyses, edition, alignment and optimization of the sequence (Kearse et al., 2012; Lu and
Moriyama, 2015). The synthetized gene was inserted into a pAE vector (Ramos et al., 2004)

between restriction enzymes BamHI and Hindll1 resulting in the pAE-NP recombinant plasmid.

2.1.2. Cloning and expression of the rCDVNP

E. coli TOP10F strain was transformed with pAE-NP by the heat shock method according
Froger and Hall (2007). Screening of colonies by electrophoresis in 1% agarose gel was carried
out in order to identify the pAE-NP. The recombinant clones were selected and amplified in LB
medium (Kasvi®) with ampicillin (100 pg/mL). Thereafter, extraction of plasmid DNA by
alkaline lysis with SDS was performed (Sambrook and Russell, 2006). Subsequently, E. coli
Star strain was transformed with the recombinant pAE-NP (Froger and Hall, 2007) aiming
protein expression. After, transformed cells were immersed into a tube containing LB medium
(Kasvi®) with ampicillin (100 pg/mL) and then the culture was incubated overnight at 37 °C
with agitation. The overnight culture was diluted 1:10 in LB medium (Kasvi®) containing
ampicillin (100 pg/mL) and incubated at 37 °C until to attain the optical density (ODg0o=0.6-
0.8). The expression was induced with 0.5 mM of Isopropyl B-D-1-thiogalactopyranoside

(IPTG — Sigma USA) for 3 h at 37 °C with agitation for the production of rCDVNP.

2.1.3. Purification and analysis of the rCDVNP
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The IPTG induced culture was centrifuged at 10,000 g for 10 min at 4 °C. The precipitate was
suspended in buffer (50 mM NaH2PO4, 300 mM NaCl and 20 mM Imidazole) with lysozyme
(50 mg/mL) and sonicated seven times for 20 s with 60 Hz. The lysate was centrifuged at 10,000
g for 15 min at 4 °C and then the precipitate was washed three times with phosphate buffered
saline (PBS) (pH 7.4). The precipitate was suspended in 0.2% N-Lauroylsarcosine buffer (50
mM NaH2POs, 300 mM NaCl, 20 mM Imidazole and 0.2% (w/v) of N-Lauroylsarcosine) and
remained 48 h at 4 °C. After that, the solution was centrifuged at 10,000 g for 15 min at 4 °C
and then the supernatant was collected into a new tube. The recombinant protein was purified
with Ni?* affinity chromatography column (HisTrap™ FF, GE Healthcare®). A step gradient
of Imidazole was used to elute the bound proteins. Dialysis was carried out in PBS for 24 h at
4 °C. The final yield of purified protein was estimated using Qubit™ fluorometric quantitation
(Life Technologies®).

Aliquots, obtained at each stage of rCDVNP expression and purification, were analyzed by 20%
sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and western blot.
Proteins were transferred to 0.45 pum nitrocellulose membrane (BioRad®) which was blocked
overnight with 5% skimmed milk in phosphate buffered saline containing Tween 20 (PBS-
T20). After five washes with PBS-T, the membrane was incubated with anti His-Tag
monoclonal antibodies (Sigma®) at 1:10,000 for 1 h at 37 °C. After removal the unbound
antibodies, the membrane was incubated with rabbit anti-mouse 1gG conjugated with HRPO
(Sigma®) at 1:5,000 for 1 h at 37 °C. After five washing steps, 3,3',5,5'-tetramethylbenzidine

(TMB) (Sigma®) substrate was added for 5 minutes at room temperature.

2.2. Antigenic evaluation of rCDVNP

2.2.1. Serum samples
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Blood samples were collected from the jugular vein via venopuncture from 10 dogs and kept at
-20 °C until use. Five serum samples were collected from Bulldog young pups prior to
vaccination and used as negative controls. The other five samples were collected from
undefined breed dogs (>1year-old) and used as positive controls. The positive or negative

antibody status of all serum samples were confirmed by serum neutralization (data not shown).

2.2.2. Reactivity of the rCDVNP

In order to confirm the reactivity of the rCDVNP with polyclonal sera against CDV, western
blot was carried out under the same conditions previously described. Pools of positive and
negative dog sera were used as primary antibody at 1:20 dilution, overnight at 4 °C. Rabbit anti-
dog 1gG conjugated with HRPO (Sigma®) was used as secondary antibody at 1:1,000 for 1 h

at 37 °C.

2.2.3. Antigenic properties of rCDVNP by Indirect ELISA

Optimal concentrations of rCDVNP, serum samples and conjugated antibodies dilution were
obtained by checkboard titrations. Except as otherwise indicated, all incubation steps were
performed at 37 °C. Three washings were performed with PBS-T20 between each step. Briefly,
microtiter 96-well plates (Costar®) were coated with 100 ng/well of rCDVNP in 0.05 M
carbonate buffer, pH 9.6, at 4 °C overnight. Nonspecific binding sites were blocked with 100
puL/well of PBS-T with 5% skimmed milk for 1 h. Serial dilutions (1:2,560-1:40) of dog serum
samples were incubated for 2 h (100 pL/well). Later, rabbit anti-dog 1gG conjugated with
HRPO (Sigma®) at 1:7,500 was incubated for 1 h (100 pL/well). The reaction was visualized

by using of o-phenylenediamine dihydrochloride (OPD) in phosphate citrate buffer (pH 5)
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containing 0.2% hydrogen peroxide (50 pL/well) as substrate after incubation for 15 min at
room temperature. The reaction was stopped by adding 2.5 M H2SO4 and the absorbance was

read at 492 nm by a microplate reader. Analyses were performed in triplicate.

2.3. Immunogenic evaluation of rCDVNP

2.3.1. Inoculation of rCDVNP in hens

Three laying hens New Hampshire Red 20-weeks-old were kept in individual cages with food
and water ad libitum throughout the study. The inoculations were performed according Wen et
al. (2012) with modifications. Briefly, 100 mg of rCDVNP diluted in PBS were emulsified with
an equal volume of incomplete Freund's adjuvant (Sigma®) and inoculated in the pectoral
muscles with a final volume of 1 mL distributed at two points. Animals were inoculated three

times at intervals of two weeks. Eggs were collected and stored at 4 °C.

2.3.2. Purification of IgY

IgY was isolated according to the water solution method described by Akita and Nakay (1992)
with modifications. Briefly, the yolk was separated from the white and 5 mL of yolk were mixed
with fresh and cold distilled water 9:1 (distilled water pH 5-5.5). This mixture was incubated
for 6 hat 4 °C and centrifuged at 10,000 g for 25 minutes at 4 °C. The supernatant was collected
through sterile gauzes. Three-step salt precipitation was performed to purify the IgY in the
supernatant in turn. First, ammonium sulfate was added to 50% saturation, this solution was
stirred at 4 °C for 30 min. Precipitate was collected by centrifugation at 10,000 g for 15 minutes
at 4 °C and dissolved to the original volume of yolk in PBS. Ammonium sulfate was added to

33% saturation and this solution was incubated 15 min and centrifuged as before. This step was
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repeated once and the precipitate was solubilized in 1 mL of PBS. Dialysis was carried out in
PBS for 24 h at 4 °C. Concentration of purified IgY was measured by Qubit™ fluorometric
quantitation (Life Technologies®). The polyclonal antibodies were stored at -20 °C. The

purification of IgY were analyzed by 15% SDS-PAGE.

2.3.3. Immunogenicity of rCDVNP

Western blot was carried out under the same conditions employed to confirm the presence of
the rCDVNP. Representative samples of IgY isolated from egg yolks (0 and 7 weeks after first
inoculation) were used as primary antibody at 1:20 overnight at 4 °C. Rabbit anti-chicken IgY

conjugated with HRPO (Sigma®) was used as secondary antibody at 1:5,000 for 2 h at 37 °C.

2.3.4. Evaluation of IgY anti-rCDVNP production by Indirect ELISA

Optimal concentrations of rCDVNP, IgY and conjugated antibodies were obtained by
checkboard titration. The evaluation of IgY anti-rCDVNP production was carried out under the
same conditions employed to evaluate the antigenic properties of the rCDVNP. Briefly, a
microtiter 96-well plate (Costar®) was coated with 100 ng/well of rCDVNP. IgY isolated from
yolks at 0, 4, and 7 weeks after first inoculation were used as primary antibodies (1:50) and the
secondary antibody used was rabbit anti-chicken 1gY conjugated with HRPO (Sigma®) at

1:10,000. Analyses were performed in triplicate.

3. Results

3.1. Production of rCDVNP
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3.1.1. Recombinant plasmid pAE-NP

Two hundred and ninety-four base pairs (bp) corresponding to the middle nucleotide sequence
of CDV NP were codon optimized, synthesized and directionally cloned into the plasmid pAE,
generating the recombinant pAE-NP. Recombinant pAE-NP was successfully amplified in E.
coli TOP10F. This synthetized region resulted in a deduced amino acid sequence with 100%
homology with all others CDV NP deposited in GenBank.

3.1.2. Analysis of rCDVNP expression

The expression of the synthetic gene resulted in a protein of approximately 12 kDa, molecular
weight as expected. Poly-histidine tag (6-His tag) was expressed fused to the recombinant
protein, which facilitated its purification and it was used for the expression confirmation by anti

His-Tag MADb (Fig. 1). After purification, the protein yield was approximately 300 mg/mL.
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Fig. 1. Analysis of rCDVNP expression. A — 20% SDS-PAGE: Lane 1: Pierce™ Unstained Protein MW Marker
Thermo Scientific™; Lane 2: E. coli star negative control; Lane 3: E. coli star transformed with pAE-NP non
induced; Lane 4: E. coli star transformed with pAE-N induced; Lane 5: rCDVNP solubilized in 0.2% N-
laurolylsarcosyne; Lane 6: purified rCDVNP. B - Western blot: Lane 1: PageRuler™ Prestained Protein Ladder
Thermo Scientific™ ; Lane 2: E. coli star negative control; Lane 3: E. coli star transformed with pAE-NP non
induced; Lane 4: E. coli star transformed with pAE-N induced; Lane 5: rCDVNP solubilized in 0.2% N-
laurolylsarcosyne; Lane 6: purified rCDVNP (indicated by arrow).
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3.2. Antigenic evaluation of rCDVNP

In order to evaluate the antigenic properties of rCDVNP, western blot and ELISA were
performed. Antibodies from seropositive dogs recognized the rCDVNP by western blot as

shown in Fig. 2, while no reactivity was observed with sera from the negative control.
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Fig. 2. Reactivity of the rCDVNP with polyclonal serum against CDV. 20% SDS-PAGE: Lane 1: Prestained
SDS-PAGE Standards Bio-Rad®; Lane 2: purified rCDVNP; Western blot: Lane 3: Dog sera (negative control);
Lane 4: dog sera (positive control) (rCDVNP is indicated by arrow).

Reactivity was also observed in indirect ELISA using serial dilutions of positive control

sera. Low absorbance values at all dilutions were detected with negative control (Fig. 3).



30

et L

S w e

[V N L]
—_—

D. values 492 nm
= =)
N S et
L -y
—_i

=

0.05 I I " I
0

oD R N A

N & -'7>

R A NN

Sera dilutions

0.
=

» EN
NN N

e \{ean of negative controls

Mean of positive controls

Fig. 3. Antigenic properties of rCDVNP by indirect ELISA. Interaction of antigen-antibody has been evaluated
by ELISA using serial dilutions of serum derived from five seropositive and five seronegative dogs against canine
distemper. Black line represents the mean of the negative controls optical density (OD) values and the gray line
indicates the mean of the positive controls OD. All tests were performed in triplicate.

3.3. Immunogenic evaluation of rCDVNP

3.3.1. Purification of IgY

The presence of IgY was confirmed by 15% SDS-PAGE which revealed two bands of
approximately 68 and 27 kDa, respectively, corresponding to the heavy and light chains of IgY

(data not show). The mean yield of IgY was 28.55 mg/mL.

3.3.2. Immunogenic response to rCDVNP in hens

Inoculation of laying hens with rCDVNP resulted in a substantial production of specific IgY

antibodies. The presence of specific IgY anti-rCDVNP in egg yolks were determined by

western blot analysis, in which a strong protein band of the molecular weight protein (~12 KDa)
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was identified. This band was detected in egg yolks of hens 7 weeks after the first inoculation,

while remained undetectable in egg yolks derived from hens before the inoculations (Fig. 4).
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Fig. 4. Immunogenicity of rCDVNP. 20% SDS-PAGE: Lane 1: Prestained SDS-PAGE Standards Bio-Rad®;
Lane 2: purified rtCDVNP; Western blot: Lane 3: Representative sample of IgY purified before the inoculations;
Lane 4: Representative sample of 1gY purified 7 weeks after first inoculation (rCDVNP is indicated by arrow).

In the figure 5, it is possible to visualize an increasing production of specific IgY anti rCDVNP
after inoculations as assayed by indirect ELISA. These findings indicated that the recombinant

CDV NP was highly immunogenic in hens.
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Fig. 5. Evaluation of IgY anti-rCDVNP production by indirect ELISA. ELISA analysis of I1gY anti-rCDVNP

production with samples isolated at 0, 4 and 7 weeks after the first inoculation.
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4. Discussion

Recombinant protein expression technology has the potential to produce a reliable source of
antigens for use in diagnostic assays (Spencer et al., 2007). Proteins of CDV, such as H protein
(Chan et al., 2009; Cho et al., 2014) and NP (Barben et al., 1999; Latha et al., 2007a; Latha et
al., 2007b; von Messling et al., 1999), have been expressed to be used in immunodiagnostic
tests. However, the H protein has shown antigenic alterations, since it is most likely to undergo
changes under immunological pressure because plays a role in the attachment of the virus to
host cells (Iwatsuki et al., 1997). NP is one of the most abundant proteins in CDV infections
and the most conserved among morbilliviruses (Stettler and Zurbriggen, 1995). Due its
characteristics, NP has been used as viral antigen for diagnosis tests of morbillivirus (Yadav et
al., 2009) and also other viruses like influenzavirus (Zhang et al., 2014), coronavirus (Chen et
al., 2015) and bunyavirus (Lee et al., 2015).

In the present study, we cloned, expressed and purified the conserved region of CDV NP (amino
acids # 222-316) from a synthetic and codon optimized gene for E. coli expression.
Recombinant CDV NP has already been expressed in different systems such as baculovirus
(von Messling et al., 1999) and VERO cells (Shin et al., 1997). The CDV NP expressed either
in baculovirus or mammalian cell expression systems were found to be contaminated with
cellular or baculovirus proteins resulting in nonspecific reactions (Shin et al., 1997; von
Messling et al., 1999). In this study, the rCDVNP was expressed in E. coli and the resulting
protein was purified successfully.

It has been reported that the production of recombinant proteins in bacteria is simple and more
economical when compared to other systems (Yadav et al., 2009). Despite the E. coli lack of
ability to make post-translational modifications in the expressed protein (Spencer et al., 2007),

in this study it seemed do not interfere with the antigen specificity. Using codon optimization
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for E. coli, CDV NP was expressed from a synthetic gene, thus reducing time and costs when
compared to the expression using the native gene (Newcomb et al., 2007). Other studies have
also expressed CDV NP efficiently in E. coli, but using the native gene cloned from virus
isolated from the studied region (Barben et al., 1999; Latha et al., 2007b, Yi and Cheng, 2014).
The rCDVNP demonstrated to be antigenic, since CD positive dog sera recognized the protein
both in its native and denatured form, without showing nonspecific reactions. In ELISA,
antibodies from seropositive dogs recognized rCDVNP even at higher dilutions (Fig. 3). A
similar study evaluating the antigenicity of the CDV NP expressed in E. coli was demonstrated
by Barben et al. (1999), Latha et al. (2007a) and Latha et al. (2007b), in which epitopes of CDV
NP also were recognized by antibodies present in dogs by western blot, ELISA and dot-blot
assays. NP can be the protein of choice to be used for research of the serological status of recent
infections because it is the protein that induces higher antibodies titer in Morbillivirus infections
(Elia et al., 2015; von Messling et al., 1999).

Our results demonstrated that the rCDVNP expressed in E. coli was highly immunogenic in
hens and it was possible to obtain high concentrations of specific IgY antibodies from the egg
yolk. This methodology represents a promising tool for the production of specific polyclonal
antibodies since yolk antibodies are an alternative to mammalian antibodies and desirable from
the perspective of animal welfare (Karlsson et al., 2004). Besides, it is economically viable,
because the production of IgY is relatively fast and of high yield (Polson et al., 1980), as
observed in this study mainly after the second inoculation in hens.

Guimarées et al. (2009) and Schmidt et al. (1989) also examined the immune response of hens
inoculated with CDV as antigen observing similar results as showed in this study. The use of
IgY to detect viral NP in immunodiagnostics assays is an efficient approach, already described

in studies with other viruses (Kammila et al., 2008; Veerasamini et al., 2008).
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In summary, the synthetic gene encoding a conserved region of the CDV NP was successfully
cloned and expressed in E. coli resulting in a recombinant NP protein highly antigenic and
immunogenic. Moreover, our results indicated that this approach may be a practical strategy for
the large-scale production of specific anti-CDV antibodies to be used in diagnostic tests of

CDV.
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4 Consideracgdes Finais

Os resultados deste trabalho demonstraram que foi possivel expressar a regiao
conservada da proteina do nucleocapsideo do virus da cinomose canina em E. coli a
partir de um gene sintético cédon otimizado. A proteina recombinante resultante,
rCDVNP, mostrou-se antigénica, uma vez que 0s soros de cdes positivos para
cinomose canina a reconheceram, e imunogénica, visto que induziu apos inoculagéo
resposta imune em galinhas, sendo possivel o isolamento e purificacdo de alta
concentragdo de IgY especifica a partir de gema de ovo. Foi evidenciado neste estudo
gue tanto a rCDVNP quanto a IgY anti-rCDVNP produzida podem ser utilizadas como

ferramentas Uteis em ensaios de imunodiagnostico da cinomose canina.
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De: M.V. Dra. Anelize de Oliveira Campello Felix

Presidente da Comissdo de Etica em Experimentagdo Animal (CEEA)
Para: Prof. Dra. Silvia de Oliveira Hilbner
Faculdade de Veterindria

Senhora Professora:

A CEEA analisou o projeto intitulado: “Diagnéstico do virus da cinomose
canina (CDV) utilizando imunoglobulina Y”, processo n°231 10.001251/2015-54, que
envolve a utilizagio de animais pertencentes ao filo Chordata, Subfilo Vertebrata
(exceto o homem), para fins de pesquisa cientifica ou ensino, sendo de parecer
FAVORAVEL a sua execugdo, pois esta de acordo com 0s preceitos da Lei n° 11.794,
de 8 de outubro de 2008, e com as normas editadas pelo Conselho Nacional de Controle
da Experimentagéio Animal (CONCEA).

Solicitamos, apés tomar ciéncia do parecer, reenviar o processo a2 CEEA.

Salientamos também a necessidade deste projeto ser cadastrado junto ao
COBALTO para posterior registro no COCEPE (c6digo para cadastro n® CEEA 1251-
2015).

Vigéncia do Projeto: 20/08/2015 a 01/12/2016

Espécie/Linhagem: Gallus gallus doemsticus/New Hampshire Red e Canis lupus familiaris
N° de animais: 3 galinhas e 20 cdes

Idade: varidvel

Sexo: Machos e Fémeas
Origem:Galinhas—AviériOecm—ClinicasVeterinarias
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