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RESUMO

CARVALHO, Silvia Le&o, M.Sc., Universidade Federal de Vigosa, fevereiro de 2012.
Expressdo, purificacdo e caracterizacdo da proteina capsidial de Cowpea mild
mottle virus e suas aplicagbes na detecgdo viral. Orientadora: Claudine Méarcia
Carvalho. Coorientador: Francisco Murilo Zerbini Janior.

O Cowpea mild mottle virus (CpMMYV), agente causal da necrose da haste, tem
chamado a atengdo dos produtores de soja nos ultimos anos devido as perdas de
produtividade geradas nas principais regides produtoras do Brasil. A doenca foi relatada
pela primeira vez na regido Centro-Oeste do Brasil, na safra de 2000/01, e rapidamente
se espalhou por todo o pais nos anos seguintes. Além disso, tem sido relatada a
ocorréncia de cultivares de soja assintomaticas, o que dificulta a selecdo de gen6tipos
para programas de melhoramento. Os métodos sorologicos para a deteccdo viral
requerem o uso de um antissoro de boa qualidade para alcancar especificidade e
sensibilidade. A sequéncia completa da capa proteica de um isolado brasileiro de
CpMMYV (Bahia) foi clonado em um vetor de expressdo bacteriano e transformado em
Escherichia coli BL21: DE3 para expressdo in vitro. A proteina capsidial ligada a uma
cauda de histidina foi purificada sob condi¢Bes desnaturantes através de cromatografia
de afinidade, utilizando uma resina Ni-NTA. Depois da renaturacdo, a integridade e a
identidade da proteina recombinante purificada foi confirmada por SDS-PAGE e anélise
de espectrometria de massa (MALDI-ToF/ToF). Dois coelhos da raca Nova Zelandia
foram imunizados com quantidades crescentes da proteina recombinante. A
especificidade e sensibilidade do antissoro foram avaliadas por Western blot e ELISA
indireto. O antissoro policlonal a partir da proteina recombinante da capa proteica
provou ser uma ferramenta confiavel e eficiente para a detec¢do CpMMV.
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ABSTRACT

CARVALHO, Silvia Ledo, M.Sc., Universidade Federal de Vicosa, February of 2012,
Expression, purification and characterization of the capsid protein of Cowpea
mild mottle virus and its application in virus detection. Adviser: Claudine Marcia
Carvalho. Co-adviser: Francisco Murilo Zerbini Janior.

Cowpea mild mottle virus (CpMMYV), the causal agent of stem necrosis disease, has
drawn attention of soybean producers in recent years due to productivity losses in the
main producing regions of Brazil. The disease was first recorded in the Midwest
region of Brazil in the 2000/01 soybean season and rapidly spread throughout the
country in the following years. CoMMV is usually hard to diagnose due to its wide
range of symptoms while the occurrence of asymptomatic soybean cultivars complicates
genotypic selection in breeding programs. Serological methods for viral detection
require the use of an antiserum of good quality to achieve specificity and sensitivity.
The entire coat protein sequence of a Brazilian CpMMYV isolate was cloned into a
bacterial expression vector and transformed into Escherichia coli BL21::DE3 for in
vitro expression. The coat protein, fused to a 6 His-tag, was purified under denaturing
conditions by affinity chromatography using a Ni-NTA resin. After renaturation, the
integrity and identity of purified recombinant protein was confirmed by SDS-Page and
MALDI-ToF/Tof mass spectrometer analyses. New Zealand rabbits were immunized
with increasing amounts of the recombinant protein. The specificity and sensitivity of
the antisera was shown by Western blot and indirect ELISA assays. The polyclonal
antisera raised against recombinant coat protein proved to be a reliable tool for CoMMV

detection.
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1. INTRODUCAO

A soja é a mais importante fonte de proteina e 6leo vegetal no mundo, sendo
utilizada como matéria-prima na alimentacdo humana e animal e biocombustiveis. O
Brasil é o segundo maior produtor de soja do mundo, ficando atras apenas dos Estados
Unidos. O mosaico comum da soja, a necrose da haste, a queima do broto, 0 mosaico
calico, 0 mosaico ando, 0 mosaico crespo e 0 mosaico dourado s&o as principais viroses
de ocorréncia no Brasil.

A produtividade da cultura da soja vem sendo afetada pela incidéncia de uma
doenca conhecida como necrose da haste, a qual é causada pelo Cowpea mild mottle
virus (CpMMV). Plantas de soja infectadas apresentam uma diversidade de sintomas
como necrose da folha e da haste, clareamento das nervuras, mosaico e bolhosidade do
limbo foliar. No entanto, plantas assintomaéticas também foram relatadas. O CpMMV,
pertence ao género Carlavirus (familia Betaflexiviridae), possui particulas alongadas
flexuosas e um genoma composto por uma fita simples de RNA sentido positivo
apresentando seis ORFs (open reading frames). O CpMMV apresenta algumas
caracteristicas que ndo sdo comuns em outras espécies do género Carlavirus, tais como
transmisséo pela mosca-branca (Bemisia tabaci) e ocorréncia de inclusdes “brush-like”.
No entanto, sua organizacdo gendmica e estratégia de expressao sao similares as de
outros carlavirus ja sequenciados.

A doenca foi identificada em 2001 no estado de Goias. Desde entdo ja foi
relatada nos principais estados produtores de soja no Brasil. Em 2007, no municipio de
Sorriso, Mato Grosso, foram coletadas plantas de soja com sintomas conhecidos na
regido como “soja louca”. Estas plantas apresentavam retencéo foliar, sem formacdo de
vagens ou vagens contendo poucos grdos e inflorescéncias do tipo macho estéril.
Plantas com estes sintomas foram analisadas e os resultados demonstraram a presenca
de CpMMV. Em outras regides, como em Barreiras, Bahia, também foi observado a
presenca de CpMMYV, porém causando sintomas mais leves, possivelmente devido a
presenca de isolados com diferentes graus de agressividade. A possibilidade de existir
uma nova estirpe altamente agressiva tem grande importancia para a agricultura
brasileira.

Viroses sdo de dificil diagnose. Um problema em relacéo a essa virose, além da

grande diversidade de sintomas, € a ocorréncia de infeccdes assintomaticas, 0 que
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dificulta a selecdo de gendtipos para selecdo em programas de melhoramento visando
seu controle. O desenvolvimento de estratégias de controle efetivas é dependente
principalmente da disponibilidade de métodos confiaveis para a deteccdo e
identificacdo. A deteccdo do CpMMYV geralmente ¢ feita através de RT-PCR (reverse
transcription-polymerase chain) e testes de ELISA (enzyme-linked immunosorbent
assay). Métodos moleculares, tais como RT-PCR, sdo mais sensiveis em relacdo aos
métodos bioldgicos e sorologicos, porém sua aplicacdo requer profissionais qualificados
e uso de equipamentos e materiais caros para sintese do DNA complementar. Desta
forma, os testes seroldgicos como ELISA séo os mais indicados para o uso rotineiro e
para andlise de grandes quantidades de amostras. O uso de um antissoro de boa
qualidade é importante para alcancar especificidade e sensibilidade. Um antissoro
policlonal a partir da purificacdo de particulas virais foi desenvolvido para detectar o
CpMMV, no entanto, esta ferramenta ja ndo estd mais disponivel e ndo existe
atualmente nenhuma alternativa para a detec¢do sorolégica do virus no Brasil.

Este estudo objetivou a producéo de antissoro policlonal a partir da capa protéica
do CpMMV, isolado CoMMV:BR:BA:09 (Bahia), como uma ferramenta de diagnose.



2. REVISAO DE LITERATURA

2.1. A cultura da Soja (Glycine max)

A soja cultivada comercialmente, Glycine max (L) Merrill, é uma leguminosa de
ciclo anual, originada de clima temperado com adaptacdo aos climas subtropicais e
tropicais (Sediyama et al., 2005). Pertence a ordem Fabales, familia Fabaceae
(Leguminosae) e género Glycine L. A espécie Glycine max foi domesticada a partir do
tipo selvagem Glycine soja, com centro de origem no nordeste da China (Sediyama et
al., 2005; Chung and Singh, 2008), sendo disseminada para o Ocidente atraves de
navegacOes (Freitas, 2011). No Brasil o grdo chegou por volta de 1882, sendo o
professor Gustavo Dutra o responsavel pelos primeiros estudos com a cultura no pais.
No entanto relatos oficiais de plantio ocorreram no Rio Grande do Sul em 1914
(EMBRAPA, 2012). A expansdo da soja no Brasil aconteceu nos anos 1960 e 1970,
durante um periodo de rapido crescimento na demanda mundial (Schnepf et al., 2001).

A soja é a mais importante fonte de proteina e 6leo vegetal no mundo, sendo
utilizada como fonte de matéria-prima para as industrias de esmagamento, que geram o
6leo bruto e farelo, e como combustivel (Finoto, 2008).

A producdo no Brasil tem aumentado nos ultimos anos e se destaca como a
principal cultura de exportacdo (CONAB, 2012). O Brasil é o segundo maior produtor
de soja do mundo ficando atrds apenas dos Estados Unidos (USDA, 2012). Na safra
2010/11 a producédo no Brasil foi de 75 milhdes de toneladas, representando 28,6% da
producdo mundial (USDA, 2012). A éarea plantada com soja em 2011/12, estimada em
24,63 milhdes de toneladas representa 1,9%, ou 453,7 mil hectares superiores a
cultivada na safra anterior, com destaque para os estados do Mato Grosso e Parana
(CONAB, 2012; Freitas, 2011).

Vérios fatores podem afetar a produtividade da cultura, dentre os quais as
doencas sdo um dos principais fatores limitantes da maxima produtividade.
Aproximadamente 50 doencas causadas por diversos agentes ja foram identificadas no
Brasil (EMBRAPA, 2012). Este numero continua aumentando com a expansdo da soja
em novas &reas, como consequéncia da monocultura e com a introducdo de novos

patdgenos.



2.2. Viroses da soja de ocorréncia no Brasil

No Brasil, diversas viroses ja foram descritas na cultura da soja, ocasionando
perdas varidveis de acordo com o agente e as condicdes edafoclimaticas (Almeida,
2008) (Tabela 1). As perdas devido a esses patogenos podem ocorrer de forma direta
reduzindo o rendimento da planta, e/ou indiretamente reduzindo a qualidade das
sementes colhidas (Almeida, 2000). Dentre as principais viroses destacam-se 0 mosaico
comum, a necrose da haste, a queima do broto, 0 mosaico calico, 0 mosaico ando, o
mosaico crespo e 0 mosaico dourado.

Tabela 1. Virus de maior ocorréncia em soja no Brasil.

Virus

Género

Referéncia

Abutilon mosaic virus

Alfafa mosaic virus

Bean golden mosaic virus
Bean pod mottle virus

Bean yellow mosaic virus
Cowpea mild mottle virus

Cowpea severe mosaic virus

Euphorbia mosaic virus

Soybean mosaic virus
Bean rugose mosaic virus
Tobacco mosaic virus

Tomato spot wilt virus

Tobacco streak virus

Begomovirus

Alfamovirus

Begomovirus
Comovirus

Potyvirus
Carlavirus

Comovirus
Begomovirus
Potyvirus
Comovirus
Tobamovirus

Tospovirus

llarvirus

Almeida (2008)
Almeida (2000)
Fernandes (2009)
Almeida (2008)
Almeida (2008)
Almeida et al. (2005)

Lin et al. (1981)
Almeida (2000)
Lourencdo, Miranda et al. (1996)
Almeida (2008)
Almeida (2008)
Almeida (2008)
Lourencéo, Costa et al. (1989)

O potyvirus Soybean mosaic virus (SMV), agente etioldgico do mosaico comum

da soja, induz sintomas de nanismo, reducdo do nimero de vagens, mosaico, distor¢do
do limbo foliar e perda generalizada de vigor. Além disso, causa um sintoma tipico que
consiste no aparecimento da “mancha-café” ocasionada pela supressao do silenciamento
pos-transcricional dos genes CHS, responsaveis pela regulacdo da pigmentacao, levando
a uma série de restricdes a comercializagdo no mercado interno e externo (Lourencéo et
al., 1996; Almeida, 2000; Senda et al. ,2004; Gagarinova et al., 2008). O SMV ¢

transmitido via sementes e através de afideos durante as picadas de prova (Barros e



Silva, 1992; Almeida, 2008), sendo controlado através do uso de cultivares resistentes
(Almeida, 2000; Chowda-Reddy et al., 2011). Trés genes R dominantes (Rsvl, Rsv3 e
Rsv4) foram identificados e utilizados para o desenvolvimento de linhagens de soja
resistentes ao SMV (Chowda-Reddy et al., 2011)..

De acordo com Lourencdo et al. (1989), a queima do broto, causada pelo virus
Tobacco streak virus (TSV), foi identificada pela primeira vez no Brasil durante a
década de 1950. O TSV pertence ao género llarvirus na familia Bromoviridae,
apresenta particulas isométricas de aproximadamente 25 a 35 nm de didametro e RNA
gendmico de fita simples sentido positivo (Codorier e Elena, 2006). Apresenta ampla
gama de hospedeiros, tendo sua ocorréncia relatada em soja, fumo, algod&o, alface,
amendoim, girassol, tomate e algumas plantas daninhas (Almeida, 2000; Abtahi e
Habibi, 2008; Sivaprasad et al., 2010). O TSV ¢é transmitido por tripes do género
Frankliniella e também por sementes. Os brotos apresentam sintomas como curvatura,
quebradico e necrose. A medula da haste principal apresenta-se escura, sendo esta a
caracteristica principal para diagnose da doenca. Os trifélios jovens tornam-se amarelo-
castanho, com inUmeras les6es microscépicas e queda das folhas (Almeida, 2008). Em
algumas regides produtoras no estado do Parand, os danos causados pela doenca
inviabilizaram o cultivo devido aos prejuizos gerados (Almeida, 2000). Como a
populacdo de tripes é reduzida pela acdo das chuvas, como medida de controle
recomenda-se semeaduras tardias, época em que a incidéncia da virose permanece
inferior a 15% de plantas infectadas (Almeida, 2000).

O Alfalfa mosaic virus (AMV) do género Alfamovirus é o agente causal do
mosaico calico da soja (Moreira et al., 2010). O AMV ocorre em todo o mundo, é
transmitido por sementes e por afideos de forma ndo persistente, e pode infectar
sistemicamente diversas espécies de plantas (He et al., 2010; Moreira et al., 2010).
Plantas infectadas geralmente apresentam sintomas como &areas amareladas nas folhas
primarias, clorose internerval, clorose nas bordas do trifélio e apresentam uma
capacidade de fixacdo de nitrogénio reduzida (Almeida, 2000; Panter et al., 2011). O
mosaico célico é pouco detectado no campo, no entanto 0 modo de transmissdo e a
ocorréncia de sinergismo em infec¢es mistas com SMV contribuem para o potencial de
danos que a virose pode causar na cultura (Almeida, 2000; Malapi-Nelson et al., 2009).

O controle é feito pelo uso de sementes sadias e cultivares resistentes (Almeida, 2000).



Plantas de soja infectadas com o Euphorbia mosaic virus (EMV), causador da
doenga conhecida como mosaico ando, apresentam sintomas de nanismo e
superbrotamento com reducédo e deformacéao do foliolo, sendo que a infeccdo somente é
observada durante o estadio da floragdo (Almeida, 2000). O EMV pertence ao género
Begomovirus (familia Geminiviridae) contendo genoma bipartido composto de duas
moléculas de ssDNA circulares, referidas como DNA-A e DNA-B (Almeida, 2000;
Rodriguez-Pardina et al., 2006; Collins et al., 2009; Gregorio-Jorge et al., 2010).
Membros desse género sdo transmitidos pela mosca-branca Bemisia tabaci que possue
ampla gama de dicotileddneas hospedeiras (Gregorio-Jorge et al., 2010). Nas Ultimas
décadas as doengas virdticas causadas por begomovirus vém se destacando como
ameaca a produtividade da soja devido ao aumento da densidade populacional do inseto
vetor, a expansdo da monocultura e o transporte de materiais que permitem a introducéo
e disseminacdo do bidtipo B de B. tabaci (Fernandes, 2009; Gregorio-Jorge et al.,
2010; Fernandes et al., 2011). O Sida micrantha mosaic virus (agente causal do
mosaico crespo), Bean golden mosaic virus (mosaico dourado do feijoeiro) e Sida
mottle virus (SiMoV) sdo outros exemplos de begomoviroses relatados em soja
(Rodriguez-Pardina et al., 2006; Almeida, 2008; Fernandes et al., 2009; Alabi et al.,
2010).

2.3. A familia Betaflexiviridae

A familia Betaflexiviridade agrupa virus com genoma de RNA fita simples e
sentido positivo e seus membros compartilham uma linhagem distinta de proteinas de
replicagdo do supergrupo III (“alphavirus-like”) (van der Heijden e Bol, 2002; King et
al., 2011). A familia inclui virions alongados com morfologia flexuosa, caracteristica
esta que também é observada em outras familias de virus de plantas, como
Alphaflexiviridae e Potyviridae (Adams et al., 2004; Urcuqui-Inchima et al., 2001;
Martelli et al., 2007).

As bases para delimitacdo na familia sdo de acordo com analises filogenéticas
das proteinas de replicacdo e capa protéica, além de caracteristicas da organizacéo e
estratégias de expressao gendmica (Adams et al., 2004; Martelli et al., 2007). De acordo
com 0 9 Relatdrio do Comité Internacional de Taxonomia de Virus (ICTV), a familia
Betaflexiviridae inclui os géneros Capillovirus, Carlavirus, Citrivirus, Foveavirus,

Trichovirus e Vitivirus (King et al., 2011).



O capsideo viral de todos os membros é composto de um Unico polipeptideo
que varia em tamanho de 18 a 44 kDa, envolvendo uma unica molécula de RNA
poliadenilada na extremidade 3’ de aproximadamente 6 a 9 Kb (King et al., 2011;
Martelli et al., 2007). O numero de ORFs € variavel entre 0s géneros, as vezes no
género, a primeira e maior ORF é sempre o gene da replicase (Martelli et al., 2007). O
produto da ORF 1 é uma proteina de 190-250 KDa que apresenta homologia com
proteinas da polimerase do supergrupo ‘“alphavirus-like”, onde contém os dominios
conservados para atividade de Metiltransferase (MTR), Papain-like protease (P-Pro),
Helicase (Hel) e RNA dependente de RNA polimerase (RdRp) (van der Heijden e Bol,
2002; Tavassoli et al., 2009; King et al., 2011). Seguindo a polimerase, 0s géneros
Capillovirus, Citrivirus, Trichovirus e Vitivirus possuem uma unica proteina de
movimento que ¢ membro da superfamilia “p30-like” (Martelli et al., 2007). Para os
demais géneros e espécies virais, 0 movimento célula-a-célula via plasmodesmas fica ao
encargo dos produtos génicos de trés ORFs parcialmente sobrepostas, 0 chamado Bloco
Triplo de Genes (TGB), que sdo expressas a partir de RNAs subgendmicos (SgRNA)
(Morozov e Solovyev, 2003). TGBpl possui atividade de ligacdo a RNA, ATPase e
helicase e acredita-se que ela seja responsavel por aumentar o limite de exclusdo dos
plasmodesmas (Martelli et al., 2007). Anéalises funcionais das proteinas codificadas pelo
Potato virus X (PVX), familia Alphaflexiviridae, revelam que a TGBpl também
apresenta forte atividade supressora de silenciamento (Senchu et al., 2009). Atividade
semelhante foi relatada para o Potato virus M (PVM), género Carlavirus, onde o
TGBp1l é uma supressora que atua durante o movimento viral (Senchu et al., 2009). Ja
as TGBp2 e TGBp3 contém sequéncias hidrofébicas que podem estar envolvidas na
interacdo proteina-membrana (Martelli et al., 2007; Meng e Li, 2010). Anélises de
mutacdo em clones infecciosos demonstram que as trés proteinas do TGB sdo essenciais
para o processo de movimento viral (Morozov e Solovyev, 2003). A ORF que codifica
para proteina capsidial (CP) é a Gltima ou pendltima ORF do genoma, sendo expressa a
partir de um abundante RNA monocistronico (Martelli et al., 2007). Nos géneros
Vitivirus e Carlavirus, uma ORF adicional (denominada ORF6) é encontrada e codifica
uma proteina de funcdo desconhecida, a qual apresenta um motivo dedo-de-zinco e a
abilidade de se ligar a acido nucléico (King et al., 2011). Além disso, a ORF6 apresenta
alta variabilidade de sequéncia entre as diferentes espécies, 0 que indica transmissdo
horizontal do gene (Martelli et al., 2007; Tzanetakis et al., 2007; King et al., 2011). Em
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alguns casos o produto da ORF 6 tém demonstrado atuar como supressora de
silénciamento como, por exemplo, para 0 GVA e PVM (Zhou et al., 2006; Senchu et
al., 2011).

2.4. O género Carlavirus

Os membros do género Carlavirus sdo conhecidos por apresentarem seis ORFs,
incluindo o TGB, e modo de transmissao via inseto-vetor (King et al., 2011). Plantas
infectadas por carlavirus geralmente tém sintomas muito leves ou permanecem
assintomaticas e, portanto, o termo "latente” aparece nos nomes de muitas espécies do
género, incluindo a espécie tipo Carnation latent virus (Foster, 1992). Para demarcacéo
de espécies no género sdo analisadas as sequéncias dos genes da capa protéica e
replicase. Espécies distintas sdo prontamente diferenciadas por sorologia e apresentam
identidade de sequéncia de nucleotideos inferior a 72% com outras espécies e/ou
inferior a 80% de identidade de aminoacidos (Mahy e Regenmortel, 2009).

De forma geral, a transmissdo natural de carlavirus ocorre através de afideos de
forma ndo persistente, com exce¢do do CoMMV e do Melon yellowing-associated virus
(MYaV), que sdo transmitidos pela mosca-branca (Bemisia tabaci) (Nagata et al., 2005;
Martelli et al., 2007; King et al., 2011; Menzel et al., 2011). Embora sementes
infectadas representem uma importante forma de disseminacao, sao poucos 0s exemplos
de carlavirus em que a transmissdo via semente possua impacto epidemioldgico, sendo
relatada para o Hop mosaic virus (HpMV), Potato virus M (PVM), Pea streak virus
(PeSV), Red clover vein mosaic virus (RCVMV) e para alguns isolados de Cowpea mild
mottle virus (CpMMYV) (Martelli et al., 2007; Xu et al., 2010).

A estrutura e organizacdo do genoma sdo conservadas entre os carlavirus e por
meio do sequenciamento, parcial ou completo, de varias espécies do género foi possivel
a sua determinacdo (Martelli et al., 2007). A ORF 1 codifica um polipeptideo de
aproximadamente 223 kDa que constitui a replicase viral. A ORF 2 (aproximadamente
25kDa), ORF 3 (aproximadamente 12kDa) e ORF 4 (aproximadamente 7kDa) formam
0 TGB envolvido no movimento intercelular do virus (Brattey et al., 2002; Martelli et
al., 2007; Dinesen et al., 2009). A ORF 5 codifica a capa proteica (31-36kDa) e
levemente sobrepbe a ORF 6, a qual codifica uma proteina (11-16kDa) de funcdo ndo
determinada (Zavriev et al., 1991; Spiegel et al., 2007; Poke, 2008).



As particulas virais do género Carlavirus sdo altamente imunogénicas, enquanto
que dos demais géneros da familia Betaflexiviridae sdo considerados como imundgenos
medianos a pobres (King et al., 2011). Determinadas moléculas possuem, em sua
estrutura, regibes capazes de induzir a formacdo de anticorpos, tais regifes sdo
denominadas como determinantes antigénicos ou epitopos (Almeida, 2001). Partindo do
principio de que essas regides antigénicas sejam hidrofilicas, uma vez que precisam
estar expostas na superficie da proteina para serem reconhecidas pelos anticorpos,
Parker et. al. (1986) propuseram uma escala de hidrofilicidade para analise de sitios
antigénicos. Em um estudo das relagGes antigénicas entre as subunidades da capa
proteica e dos virons intactos de Lily symptomless virus (LSV), concluiu-se que a
proteina capsidial apds renaturacdo conservava a especificidade e antigenicidade da
particula em sua forma nativa (Wang et al., 2010). Através do software ANTHEPROT,
utilizando o método descrito por Parker et. al., verificou-se que as regifes antigénicas se
concentravam na regido N-terminal e C-terminal (Wang et al., 2010). O software
ANTHEPROT baseia-se nas metodologias descritas por Parker et. al. (1986) e Welling
et. al. (1985). O método de Parker, conforme citado anteriormente, leva em
consideracao as propriedades hidrofilias dos epitopos (Parker et. al., 1986). Ja 0 método
de Welling baseia-se na comparacdo da sequéncia de aminoaciodos com aminoacidos
presente em determinantes antigénicos conhecidos de proteinas homologas (Welling et.
al., 1985).

2.5. Cowpea mild mottle virus (CpMMV)

O Cowpea mild mottle virus (CpMMV) foi descrito pela primeira vez infectando
caupi (Vigna unguiculata L.) em Ghana [Brunt and Kenten (1973) citado por Menzel et
al. (2010)], e desde ent&o sua ocorréncia tem sido relatada em diversos hospedeiros em
diferentes regides geograficas (Iwaki et al., 1982; Naidu et al., 1998; Laguna et al.,
2006; Tavassoli et al., 2009; Menzel et al., 2010). O CpMMV apresenta algumas
caracteristicas que ndo sdo comuns em outras espécies do género Carlavirus, tais como
transmissdo pela mosca-branca e ocorréncia de inclusdes “brush-like” (Martelli et al.,
2007). Apesar dessas diferencas, a organizacdo gendmica e o tamanho das provaveis
proteinas sdo similares aos de outros carlavirus bem caracterizados (Zavriev et al.,
1991; Naidu et al., 1998; Brattey et al., 2002; Poke, 2008; Dinesen et al., 2009; Menzel

et al., 2010). Seu genoma e composto por uma fita simples de RNA, sentido positivo, de



6,48 a 8,6 kb, incluindo seis ORFs, Cap (7 metil guanosina) na extremidade 5’e cauda
poli(A) na extremidade 3” (Naidu et al., 1998; Almeida et al., 2003; Rodriguez-Pardina
et al., 2004; Menzel et al., 2010).

Em contraste com a maioria dos carlavirus, que sdo transmitidos por afideos, o
CpMMV é trasmitido pelo aleirodideo Bemisia tabaci de forma néo-persistente (Naidu
et al., 1998; Almeida et al., 2005; Marubayashi et al., 2010). H& relatos de transmissao
através de sementes para algumas leguminosas como feijdo e soja (Horn et al., 1991;
Naidu et al., 1998; Almeida et al., 2003; Tavassoli et al., 2008). Devido a replicacao
ocorrer em células do meséfilo do hospedeiro, o virus é facilmente transmido de forma
mecanica para hospedeiros experimentais (Almeida et al., 2003; Martelli et al., 2007).
Hospedeiros naturais do CpMMV sdo mais restritos a familia Fabaceae, e a gama de
hospedeiros experimentais inclui plantas de diferentes familias botanicas, destacando-se
as espécies leguminosas (Almeida et al., 2005; Marubayashi, 2006). Os sintomas
variam de acordo com o hospedeiro e a época do ano, em geral se apresentam como
mosaico, mosqueado, clorose, anéis clordticos, clareamento de nervuras, nanismo e
distorcao foliar (Rodriguez-Pardina et al., 2004; Almeida et al., 2005; Laguna et al.,
2006; Tavassoli et al., 2009; Menzel et al., 2010; Zanardo, 2010). Em plantas de soja,
sintomas mais severos como necrose da haste, dos peciolos e brotos, redu¢do do porte e
até morte de plantas também foram relatados (Mituti, 2006).

O primeiro relato de CoMMYV no Brasil ocorreu em 1979 como uma nova virose
do feijoeiro. Devido aos sintomas apresentados na cultivar Jalo, como lesdes cloroticas
e mosaico angular amarelo, o CoMMV foi inicialmente descrito como Bean angular
mosaic virus (BAMV) (Costa et al., 1983; Rodriguez-Pardina et al., 2004). No entanto,
através de analises sorologicas e microscopia eletronica concluiu-se que BAMV se
tratava de uma estirpe do CoMMV (Fernandes, 2009).

No estado de Goiads durante a safra de 2000/01 os produtores de soja se
depararam com uma nova doenca denominada necrose da haste. Foram observadas
plantas de soja com sintomas de nanismo e necrose na haste. Devido a severidade dos
sintomas acreditou-se, inicialmente, ser uma doenca de etiologia flngica, mas as
tentativas de isolamento foram mal sucedidas (Almeida et al., 2005). Com a ocorréncia
de novos surtos em diferentes regides, amostras de plantas infectadas foram coletadas e
levadas para observacdo onde foi possivel verificar a ocorréncia de sintomas como
mosaico e queima do broto, o que sugeriu uma etiologia viral (Almeida et al., 2005).
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Esses sintomas podem ser causados por diferentes virus como Soybean mosaic virus-
SMV (Potyvirus), Tobacco ringspot virus-TRSV (Nepovirus), Tobacco streak virus-
TSV (llarvirus). Através de ensaios de transmissdo, microscopia eletronica, estudos
moleculares e soroldgicos, o agente causal foi determinado como Cowpea mild mottle
virus (CpMMYV), apresentando 84,8% de identidade com sequéncias de CpMMV
disponiveis no genbank (Almeida et al., 2005). Nos anos seguintes, severas ocorréncias
foram relatadas nos estados do Mato Grosso, Bahia, Maranhdo e Minas Gerais,
limitando a producdo de soja (Almeida et al., 2005; Laurindo et al., 2008; Zanardo,
2010). A ocorréncia do CpMMV também tem sido relatada na Asia, india, leste da
Africa e Argentina, alguns dos maiores produtores mundiais de soja (Laguna et al.,
2006; USDA, 2012).

Embora outras viroses sejam descritas em soja, nenhuma causou tantas perdas
quanto a necrose da haste, principalmente pela agressividade e pela distribuicdo
generalizada no pais. De acordo com Marubayashi et al. (2010), a populacdo da mosca-
branca é diretamente proporcional a taxa de transmissao viral, sendo essencial um
controle eficiente do vetor para reduzir a incidéncia do CoMMYV em cultivares de soja
suscetiveis. No entanto, o controle quimico da mosca-branca € economicamente
inviavel devido ao tipo de relacionamento virus-vetor existente. Além disso, sua ampla
gama de hospedeiros combinado com os hospedeiros do CpMMV restringe as opcdes
para uma rotacdo de culturas (Naidu et al., 1998; Gregorio-Jorge et al., 2010;
Marubayashi et al., 2010). Dessa forma, o uso de uma cultivar resistente como medida
de controle se torna uma alternativa para reduzir ou impedir as perdas dos produtores.

Com observacdes de campo foi possivel constatar algumas cultivares de soja que
ndo apresentavam sintomas, sendo, portanto, consideradas resistentes e adequadas como
progenitores em programas de melhoramento genético (Almeida et al., 2003). No
entanto, ap0s a purificacdo do virus e disponibilizacdo de antissoro constatou-se que 0s
genoétipos assintomaticos estavam infectados, sendo entdo considerados tolerantes
(Mituti, 2006). A partir do cruzamento entre as cultivares de soja BRS133 (resistente) e
CD206 (suscetivel) foi possivel mapear um gene de resisténcia denominado Rssn
(Resistance to soybean stem necrosis) (Oliveira et al., 2008). O mapeamento detalhado
desta regido gendmica podera identificar marcadores a serem utilizados em programas

de selegdo assistida por marcadores moleculares, no melhoramento genético da soja
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(Oliveira et al., 2008). Recentemente uma nova cultivar de soja foi langada no estado de
Minas Gerais, a UFUS Riqueza, resistente & necrose da haste (Hamawaki et al., 2011).
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Abstract

Cowpea mild mottle virus (CpMMV), the causal agent of stem necrosis disease,
has drawn attention of soybean producers in recent years due to yield losses in the main
producing regions of Brazil. Serological methods for viral detection require the use of
an antiserum of good quality to achieve specificity and sensitivity. The entire coat
protein gene of a Brazilian CpMMYV isolate was cloned into a bacterial expression
vector and transformed into Escherichia coli BL21::DE3 for in vitro expression. The
coat protein, fused to a 6 His-tag, was purified under denaturing conditions by affinity
chromatography using a Ni-NTA resin. After renaturation, the integrity and identity of
purified recombinant protein was confirmed by SDS-Page and MALDI-ToF/ToF mass
spectrometer analyses. Two New Zealand rabbits were immunized with increasing
amounts of the recombinant tagged protein. The specificity and sensitivity of the
antisera were demonstrated by Western blot and indirect ELISA assays. The polyclonal
antisera raised against recombinant coat protein proved to be a reliable tool for CoMMV
detection.
Key words: Cowpea mild mottle virus (CoMMYV); Recombinant coat protein; Polyclonal
antiserum; Indirect ELISA; Western blot.
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1. Introduction

Soybean (Glycine max) production in Brazil has increased in latest years and it
stands out as the main export crop for export (CONAB, 2012). Brazil is the second
largest soybean producer in the world; in the 2010/11 season, production was 75 million
tons, representing 28.6% of world production (USDA, 2012). Diseases are one of the
major factors limiting the maximization of productivity.

Stem necrosis disease has drawn the attention of soybean producers in recent
years due to reduction in productivity in the main producing regions of Brazil (Almeida,
2008). The disease was first recorded in the Midwest region of Brazil in the 2000/01
soybean season and rapidly spread throughout the country in the following years
(Almeida, 2005; Mituti, 2006). Cowpea mild mottle virus (CpMMYV), the causal agent
of stem necrosis disease, has also been reported in Asia, West Africa, and Argentina,
some of the world's principal soybean producing regions (Laguna et al., 2006; USDA,
2012).

CpMMYV belongs to the genus Carlavirus of the family Betaflexiviridae, which
includes viruses with flexuous particles of 610-700 nm in length and 12-15 nm in
diameter (Ilwaki et al., 1982; Martelli et al., 2007). However, CoOMMYV shows some
characteristics that are not usually seen in others species of the genus, such as the
occurrence of brush-like inclusions in infected plants and transmission in a non-
persistent manner by whiteflies (Bemisia tabaci). Despite these differences, the genome
organization and sizes of putative protein products are similar to those of well-
characterized species of the genus Carlavirus (King et al., 2011). The Carlavirus
genome consists of a single-stranded positive sense RNA, 6.48-8.6 kb, including six
ORFs (Open Reading Frames), a 5°cap and a 3"poly (A) tail (Almeida et al., 2003;
Poke, 2008; Dinesen et al., 2009). ORF 1 is the largest, encoding the putative proteins:
methyltransferase (Mt), papain-like protease (P-Pro), helicase (Hel) and RNA-
dependent RNA polymerase (RdRp) (Menzel et al., 2010).. The triple gene block
encodes movement proteins and consists of three overlapping ORFs (ORFs 2, 3 and 4)
(Morozov and Solovyev, 2003). ORF 5 encodes a coat protein and the product of ORF
6 possesses nucleic acid-binding activity (Menzel et al., 2010).

CpMMYV was first detected in cowpea (Vigna unguiculata) in Ghana [Brunt and
Kenten (1973) cited by Menzel et al. (2010)] and since then its occurrence has been
reported in several hosts in different geographic regions (lwaki et al., 1982; Naidu et
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al., 1998; Laguna et al., 2006; Tavassoli et al., 2009; Menzel et al., 2010).
Symptoms vary with the host, viral isolate and time of year but are generally seen as
local chlorotic lesions, mosaic, necrosis, necrotic lesions, chlorotic rings, dwarfing and
leaf distortion (Almeida et al., 2005; Zanardo, 2010). In soybean plants severe
symptoms such as stem necrosis, necrosis of the petiole, curvature and necrosis of the
shoot, and plant death have been reported, although infected but asymptomatic soybean
cultivars have also been found (Mituti, 2006).

Generally, CoMMV detection is undertaken by reverse transcription-polymerase
chain reaction (RT-PCR) and enzyme-linked immunosorbent assay (ELISA) methods
(Almeida, 2005; Laguna et al., 2006; Gaspar et al., 2008; Tavassoli et al., 2009; Menzel
et al.,, 2010). Molecular methods such as RT-PCR are more sensitive, but their
application requires the use of expensive reagents and equipment to synthesize the
complementary DNA, and they are relatively complex to execute, increasing costs when
indexing large numbers of samples. ELISA is more suitable for routine use and a good
qualitative antibody is important to achieve specificity and sensitivity. The purity and
structural integrity of the antigen should always be considered to avoid
nonspecific reactions, which may compromise the interpretation of results (Almeida,
2001). The use of purified virus preparation is usually a time-consuming procedure and
presents problems with regard to purity and the obtention of satisfactory concentrations
of the final preparation. Meanwhile, recombinant proteins expressed in prokaryotic
systems (Escherichia coli) are frequently used in research, being stable, abundant and
easily purified (Vaira, 1996; Hull, 2002; Webster et al., 2005; Hartley, 2006; Alkowni
etal., 2011).

Almeida et al. (2003) developed a polyclonal antiserum from the purification of
viral particles to detect CpoMMV but this tool is no longer available and there is
currently no alternative to serological detection of the virus in Brazil. Here, we cloned,
expressed and purified a complete coat protein of CoMMYV, report the physicochemical
properties of the recombinant protein and the production of a polyclonal antiserum
against CoMMV coat protein, and demonstrate its use for detecting the virus by
Western blot and indirect ELISA.
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2. Material and Methods

2.1. Virus sources

The CpMMYV isolates used in this work belong to the collection of Laboratério
de Virologia Vegetal, Universidade Federal de Vicosa, Brazil. They were collected from
infected soybean plants in different states of Brazil (Table 1). All isolates were

maintained on soybean plants cv CD206, in a greenhouse, under controlled conditions.

2.2. RT-PCR and cloning in expression vector

Specific primers were designed to amplify the coat protein (CP) coding region
based on the sequence of CoMMV isolate CoMMV:BR:BA:09 (Bahia). The CP gene of
isolate CpMMV:BR:BA:09 (Bahia) was amplified by RT-PCR using the forward
primer 5’ACGTCTCGAGCTGGAGTCAGTGTTTG 3’ (Xhol site underlined) and the
reverse primer S’ACGTGAATTCTTACTTCTTAGCGTG 3’ (EcoRI site underlined).
Approximately 500 ng of total RNA, extracted from soybean plants cv CD206 infected
with the isolate CpMMV:BR:BA:09 (Bahia), using the RNeasy Plant Mini Kit
(Qiagen), was reverse transcribed with SuperScript™ 11l Reverse Transcriptase
(Invitrogen) according to the manufacturer's instructions. The target cDNA was
amplified using Platinum Tag DNA Polymerase (Invitrogen) for 40 cycles, denatured at
94°C for 1 minute, annealed at 65°C for 1 minute, and extended at 72°C for 1 minute.
The amplicon was purified, using Illlustra GFX™ PCR DNA and Gel Band Purification
Kit (GE-Healthcare), digested with enzymes EcoRI and Xhol, and ligated into the
pPRSET-A expression vector (Invitrogen) previously digested with the same enzymes.
Escherichia coli DH5a cells were transformed using the heat shock method (Sambrook
and Russel, 2001). The clones were confirmed by PCR using the primers described
above and a single clone was selected for expression studies. Sequence analysis was
performed by Macrogen Inc. (Seul, South Korea).

2.3. Sequence analyses

Sequences of CpMMV and other related carlaviruses were aligned using
ClustalW (http://www.ebi.ac.uk/Tools/msa/clustalw2/) (Table 2 and Figure 1). Percent
nucleotide and amino acid identities for ORF 5 (coat protein) were calculated in
EMBOSS (http://www.ebi.ac.uk/Tools/emboss/align/index.html), using the EMBOSS
needle (Global) with default settings (Supplementary Figure 1). For the analysis of
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physicochemical properties based on primary structure of CP (isolate
CpMMV:BR:BA:09) the software ANTHEPROT was used (Deleage et al., 1988).

2.4. Expression and purification of recombinant CoMMV Coat Protein

For expression of the CP, the recombinant plasmid pRSET-A/CP-CpMMYV was
transfered into the expression host E. coli strain BL21::DE3 by a heat shock procedure.
A single colony was grown at 37 °C, 250 rpm in LB medium containing ampicillin 100
ng, until it reached an ODggo Of approximately 0.5, followed by the addition of IPTG
into the medium to a final concentration of 1mM. Approximately 8 hours post-IPTG
induction, the bacterial cells were harvested by centrifugation (5000 g/10 min) and
stored at -80° C. The total protein extracts were obtained by resuspension in lysis buffer
(Tris-HCI 50 mM, NaCl 100 mM, EDTA 2 mM, pH 8.0), lysozyme treatment (0.5 ml,
25mM) for 30 minutes at room temperature, and sonication (45 seconds, 2 cycles with 1
minute interval). The resulting pellet was resuspended in 1 ml of NaHCO3 100 mM, pH
9.0, with 0.3% SDS, and affinity purified using a Ni-NTA column (Qiagen) under
denaturing conditions, according to the manufacturer’s instructions. Fractions were
analysed by SDS-polyacrilamide gel electrophoresis and visualized by Coomassie blue
R250 staining (Bio-Rad) to verify expressed protein localization. The fractions
containing the CP were collected into a dialysis membrane and dialyzed against
increasing amounts of renaturation buffer (Tris-HCI 10 mM, pH 8,0, NaCl 100mM,
EDTA 1 mM, glycerol 10%, DTT 1 mM, PMSF 1 mM). After dialysis the protein
integrity was analyzed by SDS-PAGE and quantification was performed by Bradford’s
method using Dc Protein Assay kit (Bio-Rad) according to the manufacturer’s

instructions.

2.5. Characterization of purified recombinant CP

For MALDI-ToF/ToF mass spectrometer analyses, the Coomassie blue-stained
recombinant CP band (isolate CoMMV:BR:BA:09) was recovered from the gel pieces
and destained overnight with a solution of acetonitrile 50% and ammonium bicarbonate
(25mM, pH 8.8). The tryptic digestion was performed according to Shevchenko et al.
(2006). An additional step to remove salts and contaminants was performed using Zip
Tip C18 pipette tips (Millipore), according to the manufacturer’s instructions. Peptide
mass mapping was performed on an UltraFlex I1l MALDI-ToF/ToF mass spectrometer
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(Burker Daltonics, USA). The peptide map was acquired in reflection positive-ion mode
with delayed extraction at a mass range of 500-5000 Da. Peptide mass fingerprint
(PMF) obtained was submitted to a search using the Mascot Search Engine against the
NCBInr database.

2.6. Immunization of rabbits

Two New Zealand white rabbits (named CP1 and CP2) of approximately 2
months old were used for immunization. Preimmune serum from each rabbit was
collected and they were then immunized for the first time. For this, the purified 6xHis-
CP protein was emulsified with an equal amount of Freund’s incomplete adjuvant
(Sigma-Aldrich) for the injections. A total of five intramuscular injections were given at
weekly intervals with concentrations of 100, 200, 200, 400 and 400ug for CP1 and 200,
400, 400, 800 and 800 g for CP2. Rabbits were bled two weeks after the final injection
and an additional bleeding was made two weeks later. The blood samples collected
were incubated at 42°C for 1 hour and 4°C overnight to coagulate and then centrifuged
at 5000 rpm for 10 minutes. The antisera were aliquoted and stored at -20°C. The
sensitivity and specificity of the antisera obtained were analyzed by Western blot
and indirect ELISA.

2.7. Evaluation of antisera

A preliminary assay to analyze the specificity of the antisera was done by
Western blot using the purified CP and the purified begomovirus Tomato rugose mosaic
virus (ToRMV) ACS5 protein as a negative control. Protein samples (1:10, 1:100 and
1:1000 v/v) were separated on 5 to 12% SDS-polyacrilamide gel and electroblotted onto
a nylon transfer membrane (GE-Healthcare) at 30 mA for 8 hours. The membranes
were blocked with 5% skimmed milk powder in PBS (137 mM NaCl, 2.7 mM KCI, 10
mM Na,POy4, 2mM KH,PO,4, 0.02% NaN3; pH 7.4) for 1 hour at room temperature,
followed by incubation with the crude antiserum (1:1000 v/v) for 1.5 hours at room
temperature with gentle shaking. After two washes with PBS-T (0,3% Tween 20) for 15
minutes, the membranes were incubated with goat anti-rabbit 1gG-AP conjugate
(1:2000 in PBS; Bio-Rad) also for 1.5 hours at room temperature with gentle shaking.
After three washes with PBS-T for 10 minutes the reactions were revealed using AP

conjugate substrate kit (Bio-Rad).

26



Western blot experiments were also performed on total protein extracted from
infected soybean plants. Healthy plants were used as negative control. Two hundred
and fifty mg of infected soybean leaves were ground to a fine powder in liquid nitrogen
and homogenized in 1.5 ml of extraction buffer (Tris-HCI 0.15 M, pH 6.8, glycerol
10%, B-mercaptoethanol 5%, SDS 2%). The extracts were transferred to a microfuge
tube, boiled for 3 minutes, and centrifuged for 5 minutes. The remaining steps were
carried out as described above.

The polyclonal antisera were tested by indirect ELISA in order to determine
their sensitivity and the optimal concentration to be used. Indirect ELISA was according
to Clark et al. (1986) with antisera serially diluted from 1:250 to 1:10000 and tested
against soybean leaves with symptoms from the isolate CPMMV:BR:MG:09:2.
Samples were considered infected when absorbance at 405 nm gave an Infected/Healthy
ratio (I/H) of at least 2 (Gillett et al., 1986). To confirm the antiserum specificity an
additional indirect ELISA was carried out including six CpMMV isolates
(CPMMV:BR:BA:09, CpMMV:GO0:09:1, CpMMV:BR:MT:09:1,
CPMMV:BR:MG:09:2, CPMMV:BR:MG:09:3, CPMMV:BR:GO0:10:5), Potato virus
S (PVS) kindly supplied by Prof. Antonia dos Reis Figueira from Universidade Federal
de Lavras, MG, and Potato virus Y (PVY) from our collection.

3. Results and Discussion

3.1. Cloning of the CP gene in pRSET-A

The CP gene was amplified by RT-PCR of total RNA extracted from infected
plants, using the specific primers. The PCR product, a fragment of 867 bp
encompassing the CP gene, was purified, digested and inserted into the expression
vector pRSET-A to produce the recombinant plasmid pRSET-A/CP-CpMMV.
Sequence analysis confirmed the integrity of the recombinant vector (data not shown).

The resultant vector was transformed into E. coli strain BL21::DE3 cells.
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3.2. Physicochemical properties of CoMMV coat protein from isolate
CpMMV:BR:BA:09

The antigenicity of CpMMV-CP was assessed using the software
ANTHEPROT (Deleage et al., 1988), using the scales described by Parker et al. (1986)
and Welling et al. (1985). The pattern of antigenicity in the two methods used presented
some differences in the predicted antigenic sites (Figure 2). While in the method of
Parker et al. (1986), stronger epitopes are concentrated at the N-terminus and the C-
terminus; in the method of Welling et al. (1985), weak epitopes are distributed along the
CP sequence. Parker's method takes into account the hydrophilic properties of the
epitopes, since they need to be exposed on the surface of the protein to be recognized by
antibodies (Parker et al.,1986). Welling’s method is based on the comparison of the
amino acid sequence with known sequences of antigenic regions of homologous
proteins (Welling et al., 1985). According to Van Regenmortel and Daney de Marcillac
(1988), methods based on a hydrophilicity scale, such as Parker’s, and a segmental
mobility scale give the highest level of correct predictions. Comparing the results of
antigenicity analyses and the alignment of sequences, we can see that the antigenic
regions of the CpMMV:BR:BA:09 isolate is conserved between CpMMYV isolates,
while low sequence identity with other carlaviruses can be seen, especially at the N-
terminus, indicating probable antiserum specificity and the absence of a serological
relationship between them.

The analyses derived by Parker’s method showed epitopes in dense regions at
peptides 7-29; 35-42; 48-60; 67-80; 95-108; 137-151; 153-158; 167-174; 193-198; 205-
209; 233-248; 251-260; 266-274; 279-283 (Figures 1 and 2). A prediction of the
secondary structure of CoMMV-CP performed using the software ANTHEPROT, with
the algorithm described by Deleage and Roux (1987), gave an estimation of 39% a-
Helix, 5% R-Sheet, 4% R-Turn and 52% Coil structures.

3.3. Expression, purification and characterization of CoMMV-CP recombinant
protein

After induction with IPTG, the recombinant protein migrated in SDS-PAGE
resulting in a prominent band with a molecular weight of approximately 33 kDa (the
expected size of CP plus 6-His fused to the N-terminal of the protein). The band

corresponding to the fusion protein was absent in the sample transformed with an empty
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vector (Figure 3A). The recombinant protein was successfully extracted in a denaturant
manner and purified by Ni-NTA affinity column chromatography. After refolding by
dialysis, the integrity of the protein was confirmed by SDS-PAGE (Figure 3B) and the
Coomassie blue-stained 33 kDa band was recovered from the gel pieces to be used in
spectrophotometric analysis. The yield of CoMMV-CP fusion protein was estimated at
1.49 mg/ml.

The MALDI-ToF/ToF mass spectrum was obtained of a tryptic digest of
recombinant fusion CP protein (Supplementary Figure 2). The achieved peptide masses
were screened against all entries contained in the NCBInr database, with peptide mass
tolerance of + 0.5 Da. With 38% sequence coverage, the first two protein candidates
were coat proteins of different CoMMYV isolates (accession numbers GU191840 and
DQ444266), with scores of 103 and 102 respectively where only scores above 85 are
considered significant.

3.4. Indirect ELISA.

In order to determine the antisera titer, crude AsCP were tested against plant sap
from young infected soybean leaves by indirect ELISA. Healthy soybean leaves were
used as a negative control. The result indicates that dilutions of 1:500, 1:1000, and
1:2000 were suitable (Table 3).

An additional indirect ELISA was carried out using the dilution of 1:1000 v/v.
The result showed that the antiserum raised against recombinant CP is CpMMV-
specific in its detection. Cross-reaction with samples infected with PVS and PVY was
not observed (Figure 4). 1t would be interesting to perform an ELISA test also using an
antiserum produced from purified particles for comparison. However, as mentioned
above, such antisera are no longer available in Brazil, which reinforces the need to
produce a new tool.

Preparation of antiserum in a conventional way, consists of serial injections in
rabbits of viral particles purified from infected leaves following propagation in a
greenhouse (Hull, 2002). The use of purified viral particles as antigens can result in the
occurrence of cross-reactions with extracts of healthy plants. The presence of antibodies
to elements of the plant in the antiserum is due to contamination with plant components
during the purification process (Almeida, 2001; Wu et al., 2011). Mixed infections and

viral complexes are also factors that generate cross-reaction and a dubious antiserum

29


http://eutils.ncbi.nlm.nih.gov/entrez/eutils/%22http:/eutils.ncbi.nlm.nih.gov:80/nuccore/270303924%22
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/%22http:/eutils.ncbi.nlm.nih.gov:80/nuccore/90819612%22

(Meng et al., 2003; Alves-Junior et al., 2008; Radaelli et al., 2008). Another factor to
consider is that some viral particles are very fragile or are at low concentration in the
plant resulting in a final purified of low titer and quality (Helias et al., 2003; Gulati-
Sakhuja et al., 2009; Alves-Junior et al, 2008; Alkowni et al., 2011).

To circumvent these problems, recombinant fusion proteins expressed in
prokaryotic systems (Escherichia coli) are frequently used. The recombinant protein
used in this study was stable, could easily be purified and was abundant. The production
of specific antisera against recombinant fusion proteins has been successfully achieved
for different pathosystems (Helias et al., 2003; Carra et al., 2005; Fajardo, 2007,
Radaelli et al., 2008; Gulati-Sakhuja et al., 2009; Matic et al., 2009; Liu et al., 2011).
Another advantage of this system is that the clones with the gene of interest can be
stored indefinitely at -80 ° C, without the need to maintain the virus in plants in the

greenhouse.

3.5. Western blot analysis

The antisera obtained (AsCP) were able to detect the purified CP at 1:10, 1:100
and 1:100 (v/v) dilutions in the Western blot, but not with the unrelated bacterial
expressed protein used as negative control (Figure 5A). The preimmune sera from each
rabbit were unable to recognize the CP in any dilution (data not shown).

The next step was to evaluate whether the antisera are capable of recognizing the
native CP from a total protein extract of infected plants. The total protein extract from
soybean samples infected with CoMMYV were used in Western blot test. The analyses
showed that AsCP efficiently recognized CoMMYV-CP from infected soybean plants and
did not react with plant proteins (Figure 5B). After the renaturation process, tertiary
structure conformation of the recombinant protein should be similar to that of a native
one; as a consequence, it will keep most of its antigenic determinants (Wang et al.,
2010). Our study has shown that recombinant CoMMV-CP kept most the epitopes of
the intact virus, since in Western blot analyses from total protein extracts of plants, the
antiserum was able to detect the virus with a high degree of specificity (Figure 5B).
Similar results were shown with Little cherry virus 1 (LChV-1) (Matic et al., 2009).

During the purification process, besides the overexpressed CpMMV-CP, some
proteins constitutively expressed in E. coli strain BL21::DE3 are brought together. The
Western blot assay against the purified CP shows the reaction of the antiserum with
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some non-specific protein (Figure 5A) that might be bacterial proteins. Since E. coli
does not possess protein antigens serologically related with the plant, no reaction was
observed when tested against plant extracts in Western blot (Figure 5B), as expected.
Similar results have been observed with antiserum prepared from recombinant proteins
of other viruses (Park et al., 2007; Gulati-Sakhuja et al., 2009).

4. Conclusion

The results presented here show that antiserum raised against CP recognizes
CpMMYV specifically, in both Western blots and indirect ELISA systems, with a strong
reaction against plant extract infected by CoMMV, and did not react with healthy plant
extract or with other viral species.
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6. Tables and Figures

Table 1. Origin of the viral isolates used in this study.

Code Origin Year Isolate
CpMMV _Bahia Barreiras, BA 2009 CpMMV:BR:BA:09
CpMMV_Goiatuba Goiatuba, GO 2009 CpMMV:BR:G0:09:1
CpMMV _Sorriso Sorriso, MT 2009 CpMMV:BR:MT:09:1
CpMMV _4562-1 Capindpolis, MG 2009 CpMMV:BR:MG:09:2
CpMMV_4562-7 Tupaciguara, MG 2009 CpMMV:BR:MG:09:3
CpMMV_101107 Cristalina, GO 2010 CpMMV:BR:GO:10:5
PVY Lavras, MG 2004 PVY"-BR
PVS Lavras, MG 2011 PVS
Table 2. Viral isolates used for sequence comparisons.
Code Virus name Isolate Country Acc. No
CpMMV_Bahia Cowpea mild mottle virus CpMMV:BR:BA:09 Brazil Nd*
CpMMYV _Goiatuba Cowpea mild mottle virus ~ CpMMV:BR:G0:09:1 Brazil Nd
CpMMV _Sorriso Cowpea mild mottle virus  CpMMV:BR:MT:09:1 Brazil Nd
CpMMV_101107 Cowpea mild mottle virus ~ CpMMV:BR:G0:10:5 Brazil Nd
CpMMV_4562-1 Cowpea mild mottle virus  CpMMV:BR:MG:09:2 Brazil Nd
CpMMV_4562-7 Cowpea mild mottle virus  CpMMV:BR:MG:09:3 Brazil Nd
CpMMV_DQ444266-1 Cowpea mild mottle virus Brazil DQ444266
CpMMV_NCO014730-1 Cowpea mild mottle virus Ghana NCO014730
PLV_DQ455582-1 Passiflora latent virus Israel DQ455582
LSV_AJ516059-1 Lily symptomless virus South Korea ~ AJ516059-1
PVS_FJ813513-1 Potato virus S USA FJ813513-1
CVB_S60150-1 Chrysanthemum virus B Russia S60150
BLSCV_L25658-1 Blueberry scorch virus USA L25658-1
PHVS_EF492068-1 Phlox virus S USA EF492068

* sequence not deposited in GenBank
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Table 3. Titration of CpoMMV-CP polyclonal antiserum by indirect ELISA. Healthy and
CpMMV-infected (isolate CpMMV:BR:MG:09:2) soybean leaves were tested. Goat-
anti rabbit AP-conjugate was used as secondary antibody (1:2000 v/v).

Sample Antiserum dilution
P 1:250 1:500 1:1000 1:2000 1:5000 1:10000

Soybean cv. CD206

Infected 0.734 0.599 0.507 0.438 0.329 0.306
Healthy 0.313 0.235 0.208 0.213 0.213 0.210
I/H* 2.34 2.55 2.44 2.06 1.54 1.46

* |/H ratio represents the absorbance value of sample infected OD4os/ control OD 5. A reaction was
considered positive when I/H ratio were above 2.
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CPMMV_45621
CPMMV_45627
CPMMV_101107
CPMMV_BAHIA
CPMMV_SORRISO
CPMMV_DQ444266.
CPMMV_GOIATUBA
CPMMV_NC014730.
BLSCV_L25658.1
PLV_DQ455582.1
LSV_AJ516059.1
PVS_FJ813513.1
CVB_560150.1
PHVS_EF492068.1
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Figure 1. Alignment of amino acid sequences of coat protein of CoMMYV isolates
and other related carlaviruses. Antigenicity regions of CoMMV_Bahia are boxed.
Gray shading indicates that the amino acid sequences were identical to the isolate
CpMMV:BR:BA:09 (CpMMV _Bahia), whereas black shading indicates that the
amino acid sequences belong to the same group of CoMMV:BR:BA:09 amino acids.
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Figure 2. Antigenicity analysis of His-tagged CpMMV CP, isolate CoMMV:BR:BA:09. The amino acid sequence was analyzed using the

software ANTHEPROT, calculated by the methods of Parker et. al. (1986) and Welling et. al. (1985).
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Figure 3. (A) Electrophoretic analyses of expressed His-tagged CoMMV-CP in E. coli
BL21:DE3. The protein was analyzed by SDS-PAGE 5 to 12% and the gel was stained
with Coomassie blue. M corresponds to the protein ladder (Benchmark, Invitrogen).
Lines 1-3 are soluble cell protein fractions. Line 4, insoluble protein fraction. Lines 5-7,
insoluble cell protein fraction of E. coli BL21:DE3 transformed with an empty vector
(pPRSETA), used as negative control. Line 8, soluble cell portion fractions of E. coli
BL21:DE3 transformed with an empty vector. (B) Coomassie blue stained gel, Lines 1-
6 are the fractions after the purification process. Line 7 corresponds to the purified

recombinant CoMMV-CP after dialyses.
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Figure 4. Analysis of CoMMV-CP polyclonal antiserum (AsCP) specificity by indirect
ELISA. AsCP was used at 1: 1000 v/v dilution and Goat-anti rabbit AP-conjugate was
used as secondary antibody at 1:2000 v/v. Detection of six different CoMMYV isolates,
healthy soybean leaf sap was used as a negative control. AsCP was also tested against
the carlavirus PVS in potato plants and the potyvirus PVY in tobacco. Samples were
considered infected when absorbance at 405 nm gave an Infected/Healthy ratio (I/H) of

at least 2. * Samples considered positives.
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Figure 5. Western blot analyses. (A) Western blot of purified recombinant CoMMV-
CP against AsCP at 1:1000 dilution. M, the protein ladder (Prestained Benchmark,
Invitrogen).1-3, purified recombinant CoMMV-CP at 1:10, 1:100 and 1:1000 v/v
dilutions, respectively. 4, TORMV ACS5 protein at 1: 100 v/v. (B) Western blot of total
protein extracted from CpMMV-infected or healthy soybean plants, using AsCP at
1:1000 dilution. 1, healthy soybean plant. 2-5, infected plants (isolates
CpMMV:BR:GO:09:1; CpMMV:BR:MT:09:1, CpMMV:BR:MG:09:2;
CpMMV:BR:MG:09:3). 6, purified recombinant CoMMV-CP, used as positive control.
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Supplementary Figure 1. Two-dimensional plot representing the coat protein
percentage sequence identities between the CoMMV brazilian isolates and the most
related carlaviruses from the GenBank database. Percent nucleotide sequence identities

(above the diagonal) and amino acid identities (below the diagonal).
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Supplementary Figure 2. MALDI-ToF/ToF mass spectrum. PMF of the tryptic
digested CpoMMYV recombinant coat protein.
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