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RESUMO GERAL

Xanthomonas campestris pv. viticola (Xcv) é o agente causal do cancro bacteriano da videira.
No Submédio do Vale Séo Francisco, no nordeste do Brasil, o cancro bacteriano é uma das
doencas mais importantes dessa cultura, sendo responsavel por grandes prejuizos, 0 que
representa um serio risco para a viticultura brasileira. Os objetivos deste estudo foram: a)
avaliar a capacidade de sete isolados de Xcv para aderir e formar biofilmes in vitro e
determinar a influéncia do meio de cultura e das superficies na formacdo de biofilme, além de
investigar a arquitetura do biofilme e motilidade swarming; e b) otimizar um protocolo para
extracdo de proteinas para analise da protedmica de Xcv, comparando a eficiéncia de quatro
métodos com base no perfil de eletroforese em gel bidimensional (2D-PAGE). Todos os
isolados aderiram aos pogos da placa de microtitulagdo de poliestireno e formaram biofilmes
nos meios de cultura liquidos testados (caldo nutriente-dextrose-extrato de levedura, extrato de
levedura-dextrose-carbonato de calcio, KADO 523 e Luria-Bertani), em niveis fraco,
moderado e forte. Em tubos de vidro, apenas os isolados Xcv229 e Xcv158 formaram
biofilmes. Xcv229 foi considerado um forte produtor de biofilme. Na microscopia confocal a
laser (MCL) apenas em Xcv229 visualizou-se a matriz inicial da estrutura do biofilme, apés
24 h de crescimento. As imagens da microscopia eletronica de varredura (MEV) de Xcv229 e
Xcv158 crescidos durante 36 h em placas de microtitulagdo revelaram arquiteturas tipicas de
biofilme. O isolado Xcv158 apresentou uma maior motilidade swarming do que Xcv229,
mostrando que, neste caso, a formacdo de biofilme é independente da motilidade. Este é o
primeiro relato de producdo de biofilme bacteriano pela fitobactéria Xcv. Os métodos Trizol®,
fenol, centrifugacdo e lise foram analizados quantitativa e qualitativamente, para selecionar o
mais adequado na obtencdo de proteina de alta qualidade. Todos permitiram a extracdo de
uma quantidade significativa de proteinas, no entanto, 0 método de centrifugacdo resultou
numa maior concentracdo de proteinas solubilizadas. A anélise das imagens do gel 2D-PAGE
revelou um maior nimero de spots no método de lise, quando comparado com 0s outros.
Levando-se em consideracédo a qualidade dos resultados e as vantagens praticas do método de
lise, este & recomendado como a melhor opgéo para extracdo de proteinas totais de Xcv para
estudos de protedmica.

Palavras-chaves: Vitis vinifera, cancro bacteriano da videira, MCL, MEV, motilidade

swarming
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GENERAL ABSTRACT

Xanthomonas campestris pv. viticola (Xcv) is the causal agent of grapevine bacterial canker.
In the Submédio do Vale Séo Francisco in the northeast of Brazil, bacterial canker is one of
the most important grapevine diseases, responsible for severe damage and representing a
serious risk to Brazilian viticulture and wine production. The aims of this study were to: a)
evaluate the ability of seven Xcv strains to adhere and form biofilms in vitro and to determine
the influence of the culture medium and surfaces on biofilm formation, besides to study the
biofilm architecture and swarming motility; and b) optimize a method of protein extraction for
proteomic analysis of the Xcv, comparing the efficiency of four methods, based on the two-
dimensional gel electrophoresis profile (2D-PAGE). All the strains adhered to the wells of the
polystyrene microtiter plate and formed biofilms in all liquid culture medium (nutrient broth-
dextrose-yeast extract, yeast extract-dextrose-calcium carbonate, KADO 523 and Luria-
Bertani), though to different degrees (weak, moderate and strong). In glass tubes, only
Xcv229 and Xcv158 strains formed biofilms. We identified Xcv229 as a strong biofilm-
producing strain. Using confocal laser scanning microscopy (CLMS) only Xcv229 showed an
initial matrix of biofilm structure after 24 h of growth. Scanning electron microscopy (SEM)
images of strains Xcv229 and Xcv158 grown for 36 h on microtiter plates revealed typical
biofilm architectures. Strain Xcv158 displayed a higher swarming motility than Xcv229,
showing that in this case, biofilm formation is not motility-dependent. This is the first report
of biofilm production by the bacterial plant pathogen Xcv. Trizol®, Phenol, Centrifugation and
Lysis methods were tested and through quantitative and qualitative analysis, the most suitable
method to obtain high-quality protein was selected. All methods enabled the extraction of a
significant amount of proteins; nevertheless, the centrifugation method allowed obtaining the
highest concentration of solubilized proteins. However, the analysis of the 2D-PAGE gel
images revealed a larger number of spots in the lysis method when compared to the others.
Taking into consideration the quality of the results and the practical advantages of the lysis
method, this is recommended as the best option for total protein extraction of Xcv for
proteomic studies.

Keywords: Vitis vinifera, grapevine bacterial canker, CLMS, SEM, swarming motility
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FORI\/IAC;AO DE BIOFILME E ANALISE BIDIMENSIONAL DE
PROTEINAS DE Xanthomonas campestris pv. viticola

INTRODUCAO GERAL
1. A cultura da videira

A videira (Vitis spp.), planta pertencente a ordem Rhamnales e familia Vitaceae tem
como provavel centro de origem a Groelandia, onde os fdsseis de seus ancestrais foram
encontrados. No entanto, o cultivo e domesticacdo da cultura provavelmente ocorreram, em
areas geogréficas, entre o mar Negro e o Ird, entre o sétimo e quarto milénio a.C., a partir
dessas areas a cultura foi difundida para o Oriente Préximo (Europa Meridional), Oriente
Médio e Europa Central (TERRAL et al., 2010). No Brasil, o cultivo da videira teve inicio por
volta do ano de 1532, na capitania de S& Vicente, atual estado de S&o Paulo, sendo
introduzida por Martin Afonso de Souza (GUERREIRO, 2006; POMMER; MAIA, 2003). O
cultivo desta espécie estabeleceu-se alguns anos depois nos estados da Bahia e de
Pernambuco (POMMER; MAIA, 2003), mas desapareceu durante o século XVII devido,
principalmente, a expansdo do cultivo da cana-de-agUcar e café. Entre 1830-1840, com 0
surgimento de novas variedades americanas e a chegada dos imigrantes italianos, a cultura da
videira toma novo impulso adquirindo grande importancia econémica principalmente na
regido sul do Brasil (POMMER; MAIA, 2003).

Esta cultura pode ser classificada em dois tipos: a europeia (Vitis vinifera L.),
conhecida como uvas finas, oriunda do centro da Asia Central, de regides que possuem o0
clima tipico mediterraneo, e a americana (Vitis labrusca L.), conhecida como uvas rusticas,
oriunda do continente norte americano (CORREA; BOLIANE; FRACARO, 2008;
POMMER; MAIA, 2003). A videira € adaptada a varios tipos de solo e clima, o que
possibilita o cultivo em quase todas as regides do mundo (QUEIROZ-VOLTAN; PIRES,
2003). E uma planta que se fixa a outras plantas ou substratos através das gavinhas, sendo
lenhosa e de porte arbustivo; suas folhas s@o alternas, pecioladas, cordiformes, com cinco
I6bulos sinuados dentados; as flores sdo pequenas com coloracdo branco esverdeada,
dispostas em racimos; os frutos sao bagas reunidas em cachos, contendo cada uma duas ou

trés sementes, variando de cor de acordo com o tipo de uva (SCHLEIER, 2004).



As uvas sdo bastante sensiveis as condigdes edafoclimaticas em que se desenvolvem,
apresentando caracteristicas diferenciadoras como sabor, acidez, dogura, formato, coloragéo,
resisténcia da casca, tamanho, quantidade de sementes e formato dos cachos (QUEIROZ-
VOLTAN; PIRES, 2003). Esta planta também possui uma sucessdo de ciclos vegetativos,
intercalados por periodos de repouso. Portanto, em regides com condigdes climéaticas bem
definidas, essas fases acompanham as variag0es das estagdes do ano, com brotacoes
ocorrendo durante a primavera e queda das folhas no outono. A videira se adapta muito bem
em regibes com verdes longos e secos, moderadamente quentes, e com invernos frios
satisfazendo a necessidade de repouso vegetativo, principalmente na estacdo seca (POMMER,;
MAIA, 2003).

O clima quente associado ao manejo adequado da irrigacdo acelera 0s processos
fisioldgicos e o ciclo produtivo da planta que oscila em torno de 120 dias, e permite ao
viticultor obter duas colheitas sucessivas no mesmo ano (LEAO, 2004; PEDRO JUNIOR;
SENTELHAS, 2003; POMMER; MAIA, 2003). Além disso, tais condi¢bes climaticas
permitem a colheita dos frutos nos periodos de precos mais elevados, 0 que torna a viticultura
uma atividade que apresenta menor grau de incerteza e elevada rentabilidade econémica
(LEAO, 2004).

Em 2013 os seis principais paises produtores de uva no cenério mundial foram China,
Italia, Estados Unidos, Espanha, Franca e Turquia, conseguinte o Brasil ocupa a posicdo de
décimo segundo lugar (FAOSTAT, 2015). Neste ano, a producdo de uvas no Brasil foi de
1.439.535 toneladas e, deste montante, 807.693 toneladas foram produzidas pelo Rio Grande
do Sul, principal estado produtor, e 284.325 toneladas foram produzidas no Nordeste. Na
regido Nordeste, a producdo de wuva se concentra no polo agricola Petrolina
(Pernambuco)/Juazeiro (Bahia), situado no Submédio do Vale S&o Francisco. E importante
ressaltar que devido a expansdo da producdo, o estado de Pernambuco situa-se como o
segundo maior produtor nacional, tendo sido responsavel pela producdo de 228.727 toneladas
de uva (IBGE, 2015).

A nivel mundial, o Brasil apresenta uma participagdo bastante discreta no comércio
exterior de uva de mesa, contribuindo apenas com cerca de 1,4% das exporta¢cbes mundiais da
fruta (LAZZAROTTO; FIORAVANCO, 2013). O polo agricola Petrolina/Juazeiro € o
principal centro produtor e exportador de uvas de mesa, sendo responsavel por 99% das
exportacdes nacionais, possuindo uma grande importancia socioeconémica pelo nimero de
empregos gerados (LAZZAROTTO; FIORAVANCO, 2013; NASCIMENTO; MASHIMA;
LIMA, 2000; SILVA; CORREIA, 2000). Este polo possui uma caracteristica impar na



producdo de uva, em virtude da sua capacidade de produzir mais de duas safras por ano, fato
que ocorre devido as condi¢bes climaticas da regido, entretanto, esta caracteristica estd
ameacada devido a severidade do ataque das doencas e pragas.

A modernizacdo da agricultura brasileira e a implantacdo de projetos de
desenvolvimento no Nordeste tém provocado profundas transformagdes na estrutura produtiva
dessa regido, favorecendo o processo de sua integracdo a uma economia de mercado
agroindustrial (SILVA; CORREIA, 2000).

O aumento da comercializacdo de uvas gerou uma intensificacdo do seu cultivo e o
desenvolvimento de variedades buscando uma melhor qualidade resultou no surgimento de
diversos problemas fitossanitarios causados por fungos, virus e bactérias, afetando
diretamente a producdo e a produtividade. Dentre estes problemas fitossanitarios destaca-se o

cancro bacteriano causado por uma fitobacteéria.

2. Cancro bacteriano da videira

Inicialmente, o cancro bacteriano da videira, cujo agente causal é Xanthomonas
campestris pv. viticola (Nayudu) Dye (Xcv), foi relatado na India pela primeira vez em 1969
com a observacdo da presenca dos sintomas caracteristicos da doenca em parreirais com a
cultivar Anab-e-Shahi no Colégio Agricola de Tirupati (NAYUDU, 1972). No Brasil, essa
doenca foi detectada pela primeira vez no inicio de 1998 em parreirais do Submédio do Vale
Séo Francisco, no municipio de Petrolina (Pernambuco), ocasionando grandes prejuizos em
cultivares suscetiveis (MALAVOLTA JR. et al., 1999; NASCIMENTO; MARIANO, 2004).
Além da India e do Brasil o cancro bacteriano s6 foi detectado na Tailandia,
(BUENSANTEAI, 2004), mas gera impacto econdmico apenas no Brasil.

No Brasil a bactéria € uma praga quarentenaria presente (A2) ocorrendo atualmente
nos estados da Bahia, Ceard, Pernambuco e Roraima. Segundo Freire e Oliveira (2001),
alguns produtores do Submédio do Vale Sdo Francisco foram responsaveis pela introducéo
deste patdgeno, devido ao transporte indevido do material propagativo contaminado da
cultivar Red Globe. Nessa regido, esta doenca caracteriza-se como uma das mais importantes
enfermidades, sendo responsavel por danos severos e representando sério potencial de risco
ao desenvolvimento da viticultura nacional (ARAUJO et al., 2005).

Durante os anos de 1998 e 1999, um levantamento para deteccdo de Xcv foi realizado
pelo Laboratério de Fitopatologia da Embrapa Semiarido, no qual das 358 amostras de videira
analisadas 197 (55%) estavam infectadas e destas, 127 eram de ‘Red Globe’ (LIMA;



FERREIRA, 2000). Em 2004, outro levantamento foi realizado, e em 17 das 18 propriedades
visitadas, a incidéncia do cancro bacteriano variou de 10 a 100% e de 92 a 100% nas parcelas
com ‘Festival’ e ‘Red Globe’, respectivamente (LOPES; NASCIMENTO, 2004). Os sintomas
da doenca foram registrados em videiras das cultivares Red Globe, Perlette, Italia, Festival,
Brasil, Ribier, Piratininga, Patricia, Catalunha e Benitaka. As variedades pertencentes a
espécie V. vinifera sdo mais suscetiveis ao cancro bacteriano do que as pertencentes a V.
labrusca (MALAVOLTA JR. et al., 2003).

Os sintomas do cancro bacteriano séo visualizados nas folhas como pontos necroticos,
com a presencga ou auséncia de halos amarelados, que podem coalescer e causar crestamento,
destruindo uma grande area do limbo foliar. Nas folhas pode ocorrer a formacéo de manchas
setoriais e pardacentas (NASCIMENTO; MASHIMA; LIMA, 2000). Manchas escuras e
alongadas evoluem com a infeccdo e se transformam em cancros atingindo de 3 a 5 cm de
extensdo que podem se aprofundar nos tecidos. Essas manchas podem afetar os vasos
condutores e provocar 0 colapso no transporte da seiva, sendo observados nos peciolos, nas
nervuras das folhas, nos ramos e raquis dos frutos (FREIRE; OLIVEIRA, 2001). As
inflorescéncias da videira também sdo afetadas por Xcv causando necrose nos cachos
formados. Em relacdo as bagas, os sintomas observados sdo desuniformidade em tamanho e
cor, causando uma lesdo necrética, ligeiramente arredondada e semelhante a cancros
(MALAVOLTA JR. et al., 1999). Os cachos formados apresentam sintomas de murcha nas
bagas, ap0s a necrose da raquis e pedicelo (LIMA, 2000). No primeiro semestre do ano, época
que apresenta temperatura elevada e alta umidade relativa, os sintomas da doenca sdo mais
intensos (ARAUJO; ROBBS; MACIEL, 1999), esta intensidade pode variar de acordo com o
nivel de tolerancia da variedade a doenca (LIMA, 2000).

Em condicdes de alta umidade e temperatura Xcv sobrevive de um ciclo para outro
epifiticamente em Orgaos da parte aérea ou em plantas infectadas com maior adesdo sobre
nervuras e tricomas (ARAUJO; ROBBS, 2000). Esta fitobactéria também sobrevive em
hospedeiros alternativos (PEIXOTO et al., 2007; SANTOS et al., 2014) e em restos culturais
(SILVA et al.,, 2012). Pode ser introduzida em parreirais veiculada em mudas e bacelos
infectados, que irdo originar plantas doentes. Os bacelos podem ser contaminados durante a
etapa de imersdo em agua, uma vez que a bactéria esteja presente nesta agua (FERREIRA-
TONIN, 2012). Xcv pode ser disseminada atraves do material utilizado na colheita (luvas,
tesouras de poda e contentores), nos tratos culturais (colheita, poda, desbrota e raleio de
bagas), material propagativo infectado, chuvas e ventos. Outra forma de favorecer a

distribuicdo da doenca é pela irrigagdo por aspersdo convencional e pivd central



(NASCIMENTO; MARIANO, 2004). Apesar do curto periodo chuvoso na regido semi-arida
do Nordeste, a disseminacdo da bactéria € mais eficiente durante esse periodo
(NASCIMENTO; MASHIMA; LIMA, 2000).

A penetracdo da Xcv ocorre no hospedeiro através do mesofilo, por meio de aberturas
naturais, como os estdmatos, e lesées no tecido vegetal, principalmente aqueles causados por
tratos culturais, ventos fortes (NASCIMENTO; MARIANO, 2004) e danos nos tricomas
(ARAUJO; ROBBS, 2000). Posteriormente a penetracdo, a bactéria multiplica-se
rapidamente, colonizando os espacos intercelulares, a partir do qual invade o sistema vascular
resultando em infecgdes sistémicas (ARAUJO; ROBBS, 2000; NASCIMENTO; MARIANO,
2004). Estudos de microscopia eletronica de varredura evidenciaram células bacterianas
aderidas a superficie da planta por meio de fixacdo ndo polar em monocamada, e que 0s locais
de adesdo mais frequentem sdo a superficie de vasos e tricomas no limbo foliar (ARAUJO et
al., 2004). Tostes et al. (2014) visualizaram em amostras de sementes agregados bacterianos
de Xcv associados a superficie do invélucro e na primeira camada do parénquima abaixo do
tegumento da semente.

De acordo com a Instrucdo Normativa n° 2 de 06 de fevereiro de 2014 (INSTRUCAO
NORMATIVA - MAPA 2/2014), o manejo do cancro bacteriano da videira pode ser realizado
pelo produtor, importador, comerciante ou detentor de plantas e partes de plantas de espécies
do género Vitis, adotando-se algumas medidas preventivas e de erradicacdo: I- Desinfestacdo
de veiculos, maquinas, implementos, equipamentos e material de colheita, com produtos
sanitizantes recomendados pela pesquisa; 11- Destruicdo de material contaminado; controle
quimico com produtos recomendados pela pesquisa; IllI- Eliminacdo de hospedeiras
alternativas da Xcv; VI- Eliminacdo de todo o material resultante das podas, por meio de
enterrio ou queima, para as variedades mais suscetiveis e sintomaticas; V- Fazer inspecdes
visuais em todo o viveiro semanalmente, concentrando-se nas variedades mais suscetiveis e
nos periodos de condi¢cBes ambientais favoraveis a ocorréncia da doenca e VI- Comunicar
imediatamente ao Orgdo Oficial de Defesa Agropecuaria (Agéncia de Defesa e Fiscalizagio
Agropecuéria de Pernambuco-ADAGRO) sobre qualquer suspeita de ocorréncia do cancro
bacteriano da videira.

Atualmente, o controle do cancro bacteriano na videira € muito complexo, pois nao
existem produtos registrados especificos para esta doenga. O controle quimico € realizado de
forma preventiva, logo apds a poda e brotacdo ou quando ha ferimentos nas plantas, através

da aplicacdo de compostos cupricos e calda bordalesa. Entretanto, existem isolados de Xcv



que apresentaram variabilidade na toleréncia ao cobre (MARQUES; UESUGI; FERREIRA,
2009).

Recentemente, um estudo sobre a desinfestacdo de tesouras de podas utilizadas na
colheita de uvas verificou que hipoclorito de sédio (5000 ppm) e cloreto de docecil dimetil
amonio (570 ppm) foram 100% eficazes na eliminacdo de Xcv (NAUE et al., 2014a). No
entanto, termoterapia, bactericidas e sanitizantes ndo foram eficientes para erradicar a bactéria
de bacelos infectados (NAUE et al., 2014b). Para a obtencdo de material propagativo livre do
patdgeno, Silva et al. (2013) recomendam a indexacdo de plantas de videira regeneradas in
vitro, sendo esta uma alternativa econdmica e eficiente para producdo de mudas de alta

qualidade fitossanitaria.

3. Xanthomonas campestris pv. viticola

De acordo com a classificacdo filogenética, baseada em comparacGes de sequéncias
nucleotidicas, o género Xanthomonas Dowson esta classificado no Dominio Bacteria, Filo
Proteobacteria, Classe Gamaproteobacteria, Ordem Xanthomonadales e Familia
Xanthomonadaceae (GARRITY; HOLT, 2000). Inicialmente a bactéria Xcv foi classificada
por Nayudu, em 1972, como Pseudomonas viticola Nayudu sp. nov. Entretanto, Young et al.
(1978) sugeriram alteracdes no sistema classificatorio das bactérias fitopatogénicas e
oficializaram o uso do termo patovar, designado temporariamente para classificacdo infra-
subespecifica de fitobactérias. Neste contexto, mais de 100 fitobactérias foram reclassificadas
como patovares de X. campestris (Pammel) Dowson tomando como base as caracteristicas
fenotipicas e a gama de hospedeiros. Dessa forma, P. viticola foi reclassificada como
Xanthomonas campestris pv. viticola (YOUNG et al., 1978).

Espécies de Xanthomonas foram estudadas por Vauterin et al. (1995), que realizaram o
primeiro grande estudo de hibridizagio DNA-DNA dentro do género Xanthomonas e
sugeriram que X. campestris abrigasse exclusivamente isolados patogénicos a brassicaceas.
Neste momento, foi proposto que o patovar viticola e outros patovares de X. campestris nao
reclassificados fossem cuidadosamente analisados por meio de abordagens polifasicas e
designados para outras espécies ou elevados ao nivel de espécie (VAUTERIN et al., 1995).
Takita et al. (2004) analisando a regido rpf (Regulacdo de Fatores de Patogenicidade) de 21
isolados pertencentes a diferentes patovares de X. campestris verificaram que o patovar
viticola teve maior similaridade com X. axonopodis pv. citri, sugerindo que Xcv fosse

agrupada na espécie axonopodis do género Xanthomonas. No entanto, devido a auséncia de



estudos taxondmicos mais abrangentes com o agente causal do cancro bacteriano, o Comité
sobre a Taxonomia de Fitobactérias da Sociedade Internacional de Fitopatologistas
(Committee on the Taxonomy of Plant Pathogenic Bacteria - International Society of Plant
Pathology) recomenda o uso do epiteto X. campestris pv. viticola (BULL et al., 2010).

A bactéria Xcv € um bastonete Gram-negativo, com dimensdes de 0,6 x 1,2 - 2,5 pum,
possui um flagelo polar e metabolismo aerébico (ARAUJO; ROBBS, 2000; NAYUDU,
1972). As colbnias de Xcv sdo arredondadas, brilhantes, com borda lisa e coloracdo
esbranquicada em meio é&gar nutritivo, por ndo produzir xantomonadina, pigmento
caracteristico do género Xanthomonas. Possui a capacidade de crescer em meio de cultura
liquido com temperatura entre 5-35 C, tendo um crescimento 6timo entre 27-29°C e pH de 7,5
(NASCIMENTO; MARIANO; GAMA, 2005). Apresenta reacdo de hipersensibilidade
negativa em folhas de fumo (Nicotiana tabacum L.) cv. White Burley (LIMA et al., 1999) e
positiva em folhas de tomate da cultivar Santa Clara (MALAVOLTA JR. et al., 1999). Os
melhores métodos de preservacdo de culturas de Xcv sdo dessecacdo em papel de filtro e
preservacdo em agua destilada esterilizada (NASCIMENTO; MARIANO; GAMA, 2005).

A identificacdo da Xcv atualmente é realizada através de testes bioquimicos, culturais,
fisiologicos, moleculares e de patogenicidade (MALAVOLTA et al., 1999; MIRANDA,
2011; TRINDADE et al., 2007).

Para o sucesso no controle do cancro bacteriano é necessario o conhecimento dos
mecanismos de patogénese de Xcv. Mecanismos de ataque do patégeno envolvido tanto na
colonizacdo como na expressdo de genes de viruléncia tém sido alvo de estudos nos ultimos

anos, a exemplo de formacédo de biofilmes e analise de proteoma.

4. Biofilme

Na natureza, bactérias sdo constantemente encontradas envolvidas numa matriz
polissacaridica extracelular em contato com uma superficie solida, a qual oferece uma
protecdo contra ambientes hostis, constituindo os biofilmes. Eles séo caracterizados por uma
comunidade multicelular densa de micro-organismos que podem ser formados por meio da
ligacdo das bactérias a uma superficie bidtica ou abidtica (KOSTAKIOTI;
HADJIFRANGISKOU; HULTGREN, 2013). Biofilmes maduros séo incorporados numa
matriz polimérica extracelular auto-produzida composta principalmente de exopolissacarideos
(EPS), proteinas especializadas, adesinas e, ocasionalmente, DNA extracelular (MARTINEZ;
VADYVALOO 2014; VALLE et al., 2012).



A presenca da matriz no biofilme bacteriano confere uma série de vantagens seletivas,
tais como protecdo contra variacdes ambientais, agregacdo de células bacterianas, fonte de
nutrientes, retencdo de &gua, absorcdo e adsorcdo de ions, barreira protetora, troca de
informacao genética, atividade enzimatica, entre outras (FLEMMING; WINGENDER, 2010).
Danhorn e Fuqua (2007) relataram que a disponibilidade de nutrientes essenciais, adesdo a
superficie, motilidade e a presenca de outros micro-organismos sdo alguns fatores que
influenciam a formacéo do biofilme. Existem caracteristicas que podem limitar a adesdo e a
formacéo do biofilme bacteriano tais como a expressdo dos fatores de viruléncia, producéo da
capsula exopolimerica, material aderente, condi¢fes ambientais e uma variedade de outros
fatores (CAIXETA, 2008; FLACH; KARNOPP; CORCAO, 2005).

Os biofilmes podem compreender uma determinada espécie microbiana simples ou
maltiplas espécies de micro-organismos (LUCCHESI, 2006; O’TOLLE; KAPLAN;
KOLTER, 2000). O biofilme formado por uma Unica espécie é o eixo de estudo de um
consideravel grupo de pesquisas cientificas (O’TOLLE; KAPLAN; KOLTER, 2000) visando
uma maior compreensao e aplicabilidade no manejo da doenca causada por patdgenos.

Para ocorrer a formacdo do biofilme, uma série de etapas sdo observadas. A adesdo
reversivel bacteriana é a primeira etapa na formacdo de biofilme e pode ocorrer em uma
superficie abidtica (como por exemplo, pléasticos e metais), mediada por interacGes fisico-
qguimica ndo especifica, ou biotica (células e tecidos vegetais) que é acompanhada por
interacdes moleculares mediadas por ligacbes especificas do tipo receptor-ligante (DUNNE,
2002; TRENTIN; GIORDANI; MACEDO, 2013). A segunda etapa denominada de adesao
irreversivel ocorre quando os micro-organismos patogénicos ligados fracamente a superficie
consolidam o processo de adesdo, através da producdo de matriz polissacaridica. Nesta etapa,
os fitopatdgenos sao capazes de formar ligacdes com suas proprias células ou com células de
diferentes espécies, formando agregados que vdo estar firmemente ligados a superficie
(STOODLEY et al., 2002; TRENTIN; GIORDANI; MACEDO, 2013). A terceira etapa é a
maturacdo do biofilme que estd envolto pela matriz polissacaridica sendo permeado por
canais de agua. A Ultima etapa é caracterizada pelo desprendimento das células planctonicas
(células bacterianas livres) ou de grupos de células unidas pela matriz que ocorre quando o
ambiente ndo se encontra mais favoravel ou devido a uma programacdo celular para a
viruléncia (BAYLES, 2007; HALL-STOODLEY; COSTERTON; STOODLEY, 2004;
TRENTIN; GIORDANI; MACEDO, 2013). A adesdo bacteriana e a consequente formagdo de
biofilme possuem um papel importante na patogénese (COSTERTON; STEWART;
GREENBERG, 1999). Boari et al. (2009), comparando as bactérias Gram-negativas com as
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Gram-positivas relatou que devido a suas estruturas peculiares (pili, fimbrias e flagelos, bem
como pela membrana externa) as Gram-negativas apresentam uma vantagem competitiva em
relacdo a adesao inicial, colonizacdo da superficie e formacéo do biofilme.

No processo de formacdo de biofilme em plantas, inicialmente a bactéria entra em
contato com a superficie da planta, o que requer a motilidade ativa. Isso é seguido pela adesao
na superficie, multiplicacdo celular, producéo celula-a-célula de moléculas de sinalizacéo e,
eventualmente, desadesdo de bactérias plancténicas do biofilme (DANHORN; FUQUA,
2007; KARATAN; WATNICK, 2009). Por estimulos bioguimicos a bactéria pode acionar a
motilidade identificando o local ideal para sua fixacdo e agregacdo na superficie da planta
(MHEDBI-HAJRI et al., 2011). As bactérias podem colonizar diferentes partes da planta e a
formacdo de biofilme pode desempenhar um papel fundamental na colonizacdo. Nos vasos,
biofilmes sdo muito importantes uma vez que as células necessitam sobreviver em um habitat
competitivo onde os compostos de defesa da planta sdo produzidos em resposta a infeccao
(DANHORN; FUQUA, 2007). Assim, os processos de agregacao e auto desenvolvimento de
biofilme sdo relevantes para colonizacdo e sobrevivéncia da bactéria na planta hospedeira
(BOGINO et al., 2013).

Os biofilmes e agregados de células produzem e respondem a uma variedade de
sistemas de sinalizagdes que influenciam a atividade microbiana, seu comportamento e sua
persisténcia no ambiente da planta. Essas interacGes exigem sistemas de comunicacdo célula-
célula para distribuir e modular as varias fungdes dentro de uma comunidade bacteriana,
processo conhecido como "quorum sensing” (DAVIES et al., 1998; HUBER et al., 2001).
Este € um é um mecanismo intercelular de sinalizacdo, que tanto pode ocorrer em células
microbianas da mesma espécie como em interespécies (RHOADS et al., 2008), contudo € um
mecanismo particularmente valioso para a regulacdo de genes em biofilmes densamente
povoados. O quorum sensing foi demonstrado como sendo necessario, em varios estudos de
casos, para a formacdo de biofilmes (DAVIES et al., 1998; HUBER et al., 2001). Estudos
sobre as implicacdes do flagelo na formacdo de biofilme demonstraram que tanto o flagelo
guanto a motilidade dependente do flagelo sdo importantes na adesao inicial a superficie e que
ambos contribuem tanto para o desenvolvimento de biofilmes maduros quanto para sua
dispersdo (MALAMUD et al., 2011). As bacteérias, formadoras de biofilme possuem a mesma
origem genética das bactérias planctonicas, entretanto, suas atividades bioquimicas diferem
em 40%, o que as torna mais dificeis de serem eliminadas, pela maior resisténcia adquirida
(MEDONLINE, 2008).



11

Diversas bactérias, mas ndo todas, possuem a capacidade de se movimentar em certas
condicBes favoraveis as mesmas. Esse movimento pode ser alcangcado através de alguns
mecanismos de: swarming, swimming, twitching, sliding, gliding e darting. O swarning é o
movimento multicelular de bactérias através da superficie e é realizado por meio de flagelos
rotativos helicoidais (KEARNS; LOSICK, 2003). A motilidade fornece uma vantagem de
sobrevivéncia sob uma grande variedade de ambientes, permitindo as bactérias responderem a
condicdes favoraveis ou desfavoraveis para competirem com Sucesso com outros
microrganismos, assim como estd envolvida na formacdo de biofilme (DARNTON et al.,
2010; HARSHEY, 2003).

Diversas especies bacterianas causadoras de doencas em plantas tém a capacidade de
aderir e formar biofilmes, mesmo mostrando um fenotipo distinto e causando diferentes
doengas (CASSERTA et al.,, 2010; LAGONENKO; LAGONENKO; EVTUSHENKOV,
2014; SENA-VELEZ et al., 2014; ZIMARO et al., 2013). Biofilmes em bactérias
fitopatogénicas podem atuar como um fator de viruléncia em estagios iniciais de colonizagdo
e infeccdo (FLEMMING; WINGENDER, 2010; GUTTENPLAN; KEARNS, 2013). Dentre
as espécies bacterianas fitopatogénicas gram-negativas que formam biofilme destacam-se
Acidovorax citrulli (Schaad et al.) Schaad et al. (BAHAR; DE LA FUENTE; BURDMAN,
2010) Erwinia amylovora (Burrill) Winslow et al. (KOCZAN et al., 2011), Pectobacterium
carotovorum subsp. carotovorum Hauben et al. (HOSSAIN; TSUYUMU, 2006), X.
campestris pv. campestris (Pammel) Dowson (CROSSMAN; DOW, 2004; DOW et al.,
2003), X. axonopodis pv. citri (Hasse) Vauterin et al. (RIGANO et al., 2007; TORRES et al.,
2007; ZIMARO et al., 2013), X. oryzae pv. oryzicola (Fang et al.) Swings et al. (ZHANG et
al., 2013), Ralstonia solanacearum (Smith) Yabuuchi et al. (YAO; ALLEN, 2007) e Xylella
fastidiosa Wells et al. (CASERTA et al.,, 2010; MARQUES et al., 2002). Ndo foram
encontrados trabalhos que relatassem a formacdo de biolfime em Xcv, servindo como
justificativa para essa pesquisa.

Os biofilmes podem ser detectados em testes realizados in vitro. Por ser um processo
complexo, a formagcdo do mesmo pode ser afetada por diversos fatores, tais como as
caracteristicas fisico-quimicas das bactérias e do meio de crescimento, a hidrofobicidade da
superficie ou substrato e outras condicdes (DONLAN; COSTERTON, 2002; SIMOES;
SIMOES; VIEIRA, 2010). O meio de cultura tem influéncia direta no tamanho do biofilme,
uma vez que o0 seu crescimento, maturacdo e aderéncia estdo relacionadas com o meio de
cultura e a sua composi¢do (TANG et al., 2012) e, dependendo do meio, um mesmo isolado

pode ser classificado como forte, moderado, fraco ou ndo formador de biofilme
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(STEPANOVIC et al., 2000). A superficie sobre a qual o organismo procura adaptar-se pode
exercer uma forte influéncia sobre a sua adeséo e torna-se um fator decisivo na formacdo do
biofilme. Superficies hidrofobicas, tais como os plasticos sdo normalmente mais facilmente
aderidos por micro-organismos em comparacdo com os hidréfilos, tais como vidro ou metal
(RODRIGUES et al., 2009). Entre os diversos materiais que favorecam a formacdo de
biofilme, o vidro € menos propicio a adesdo de micro-organismos. Neste sentido, a
preferéncia da bactéria para o poliestireno pode ser esperada uma vez que a superficie da
planta (folhas, caule e vasos, por exemplo) é geralmente extremamente hidrofébica. No
entanto, esta classificagdo deve ser interpretada com extrema cautela, pois os resultados
podem diferir entre as espécies bacterianas estudadas e as condigdes do ensaio in vitro
(MEYER, 2003).

Nos estudos da arquitetura do biofilme a microscopia eletrdnica é uma ferramenta
utilizada na avaliacdo da interagcdo microbiana na matriz exopolissacaridica, uma vez que este
método preserva as estruturas associadas ao biofilme, mantendo-as em um estado hidratado e
viavel (MARQUES, 2005). Outra técnica bastante usada para analises de viabilidade
bacteriana de biofilmes é a microscopia confocal a laser (VITKOV et al., 2005), a qual
permite a reconstrucdo tridimensional e o seccionamento Optico, sendo possivel a observacéao

e localizacdo exata da distribuicdo espacial das bactérias no biofilme (SUNDE et al., 2003).

5. Protedmica

Em 1994, surgiu o termo “proteoma” denominando um conjunto de proteinas
expressas no genoma de uma célula, em um ambiente definido (ANDERSON; ANDERSON,
1998). A protedbmica faz parte da era pds-genémica, devido aos avangos no sequenciamento
em larga escala do DNA (PANDEY; MANN, 2000). O inicio da protedmica foi marcado pela
caracterizacéo de perfis proteicos, focando em seguida outros aspectos como a quantificagéo
de proteinas, as interacGes entre proteinas e as modificacdes pds-traducionais (SALVATO;
CARVALHO, 2010).

Nos ultimos 15 anos, a biologia molecular tem apresentado avangos com o
sequenciamento em larga escala de diversos genomas gerando uma quantidade imensa de
dados. No entanto, sozinhas essas informacdes sdo escassas em relacdo a eventuais
modifica¢bes pos-traducionais e ao controle da atividade génica em resposta a condigdes
ambientais especificas. Por conseguinte, apenas o entendimento genémico ndo possibilita uma

compreensdo completa acerca dos diversos mecanismos fisiologicos ou patologicos que
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operam nos patogenos, fato devido ao repositorio estatico da informacéo genética. Por outro
lado, estudos funcionais, como a anlise protedmica, envolvem as respostas celulares as mais
diversas situacfes dindmicas (HONDERMARCK et al.,, 2008). O proteoma reflete a
expressao funcional do genoma condicionada ao estagio de desenvolvimento e diferenciagéo,
0 que torna o estudo protedmico bastante desafiador, pois a expressao génica de uma célula é
bastante dindmica (MANN; HENDRICKSON; PANDEY 2001).

A protedmica aponta a caracterizacdo de um conjunto de proteinas expressas em um
dado momento, e surge como mais uma ramificacdo complementar nos estudos da biologia
molecular das células e atualmente uma importante ferramenta molecular (SALVATO;
CARVALHO, 2010).

A eletroforese bidimensional (2D) é a principal técnica de separacdo de proteinas,
sendo bastante aprimorada nos ultimos tempos e tem sido muito utilizada no estudo de
diversas bactérias patogénicas (FACINCANI, 2007). Esta técnica pioneira foi descrita por
O’Farrel (1975) e Klose (1975), e carece de duas corridas eletroforéticas sequenciais em duas
dimens0@es: a primeira dimensdo é a focalizacdo isoelétrica (IEF) e a segunda dimenséo € a
eletroforese em gel de poliacrilamida na presenca de dodecilssulfato de sodio (SDS-PAGE).
Na focalizacédo isoelétrica, as proteinas sdo separadas de acordo com seu ponto isoelétrico em
tiras de pH imobilizado (GORG et al., 1995; GORG et al., 2007). Ap0s esta etapa, ¢ realizada
a eletroforese em gel desnaturante de poliacrilamida, na qual as proteinas distribuidas de
acordo com seu ponto isoelétrico sdo separadas de acordo com suas massas moleculares. Sua
vantagem em relacdo as outras técnicas deve-se a sua capacidade de separar com alta
resolucdo, de uma amostra complexa, um elevado nimero de proteinas, e isto possibilita a
analise de expressdo génica por meio de comparacdo dos padrdes proteicos (CHROMY et al.,
2004; QUALTIERI et al., 2007). Segundo O’farrel (1975), através desta resolu¢ao chega-se
numa analise de um mapa global ou perfil no qual todos os produtos génicos presentes na
célula num dado momento ou condicdo experimental sdo visualizados.

Através da utilizacdo da eletroforese bidimensional juntamente com a espectrometria
de massas é possivel separar, quantificar e identificar as proteinas de um material em estudo
(FACINCANI, 2007; O’FARREL, 1975). Esta separacdo das proteinas é possivel visto que
essas modificacdes conferem propriedades diferentes a proteina, em particular, um diferente
ponto isoelétrico ou massa molecular (KIM et al., 2007; YAMAGATA et al., 2002). No
entanto, para a obtencdo de amostras de proteina de alta qualidade é necessario que a amostra
esteja livre de contaminantes (niveis elevados de sais, acidos nucleicos, polissacarideos,

compostos fenolicos, pigmentos e outros compostos) que podem interferir com o 2D-PAGE



14

(CHAN; LO; HODGKISS, 2002; CHAN; HODGKISS; LO, 2004, CHAN et al., 2004).
Assim, um método eficiente de extracdo é um pré-requisito para o sucesso da implementagéo
da protedmica (MEHMET]I; KIRAN; OSMANAGAOGLU, 2011).

As analises protebmicas tém sido realizadas para vérias fitobactérias em diferentes
condicBes bioldgicas, incluindo espécies de Xanthomonas, com o objetivo de determinar o
perfil proteico da bactéria in vitro e na interacdo planta-patégeno (ANDRADE et al., 2005;
MEHTA; ROSATO, 2001; TAHARA; MEHTA; ROSATO, 2003).

Proteinas foram diferencialmente expressas em X. axonopodis pv. citri Valterin et al.
cultivada em meio de cultura suplementado com extrato foliar de citros (Citrus aurantium L.)
e meio de cultura minimo, sendo 20 e 36 proteinas diferenciais respectivamente entre as duas
condicdes de cultivo (MEHTA; ROSATO, 2001). Comparando dois isolados de X. campestris
pv. campestris (Pammel) Dowson, um cultivado em meio complexo de nutrientes com
glicerol e levedura e outro recuperado de folhas inoculadas da planta hospedeira Brassica
oleracea L., foram verificadas 17 proteinas expressas diferencialmente sendo que dessas, duas
tiveram a sua identidade revelada por espectrometria de massas (ANDRADE et al., 2005).
Comparando os mapas protedmicos de X. axonopodis pv. passiflorae (Pereira) Dye cultivada
em meio de cultura minimo basal e em meio de inducdo contendo extrato foliar de
maracujazeiro (Passiflora edulis Sims), verificou-se expressdo diferencial de 20 proteinas,
gue podem estar envolvidas na interacdo planta-patégeno (TAHARA; MEHTA; ROSATO,
2003). Atualmente ndo hé relatos cientificos sobre analises protedmicas com a bactéria Xcv.

Malafaia et al. (2015) testaram para os métodos trizol, fenol, centrifugacdo e lise para
extracdo de proteinas, e comprovaram que o método de lise foi o mais eficiente para as
fitobactérias P. carotovorum subsp. caratovorum e R. solanacearum, enquanto o de
centrifugacdo foi melhor para A. citrulli. Os autores ressaltaram que uma amostra de boa
qualidade, que depende do método utilizado para a extracdo de proteinas, € um passo
fundamental para eletroforese 2D.

Os objetivos deste estudo foram: a) avaliar a capacidade de isolados de Xcv de aderir e
formar biofilme in vitro e determinar a influéncia do meio de cultura e das superficies na
formacdo do biofilme; além de analisar a arquitetura do biofilme, utilizando a microscopia
confocal a laser e microscopia eletrénica de varredura e investigar a relacdo da motilidade
swarming com a formacéo do biofilme; b) otimizar um protocolo para extracdo de proteinas
para analise da protedmica de Xcv, comparando a eficiéncia de quatro métodos com base no

perfil de eletroforese em gel bidimensional (2D-PAGE).
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Abstract

Xanthomonas campestris pv. viticola is the causal agent of bacterial canker, an
important disease of grapevine plants in Brazil. Seven strains of this pathogen were studied
for their ability to adhere and form biofilms in four culture media using microtiter plate and
glass tube techniques. The biofilm architecture was evaluated by confocal laser scanning
microscopy (CLMS) and scanning electron microscopy (SEM), and the swarming motility
was also investigated. Generally, all the strains adhered to the wells of the microtiter plate and
formed biofilms in all four types of culture medium, though to different degrees (weak,
moderate and strong). In glass tubes, only Xcv229 and Xcv158 strains formed biofilms. We
identified Xcv229 as a strong biofilm-producing strain. Only Xcv229 showed an initial matrix
of biofilm structure after 24 h of growth using CLSM. SEM images of strains Xcv229 and
Xcv158 grown for 36 h on polystyrene microtiter plates revealed typical biofilm architectures.
Strain Xcv158 displayed a higher swarming motility than Xcv229, showing that in this case,
biofilm formation is not motility-dependent. This work is the first report of biofilm production
by the bacterial plant pathogen X. campestris pv. viticola.

Key words: Vitis vinifera, bacterial canker disease, CLMS, SEM, swarming motility

Introduction

In plant pathogenic bacteria, biofilms may act as a virulence factor in the early stages
of colonization and infection (Flemming and Wingender 2010). First, the bacterium must
detect the plant surface, which requires active motility. Biochemical stimuli mediate motility,
so that the bacterium can locate an optimum site for attachment and aggregation on the plant

surface (Mhedbi-Hajri et al. 2011). This is followed by adhesion to the surface, cell
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replication, production of cell-to-cell signaling molecules and, eventually, the release of
planktonic bacteria from the biofilm (Danhorn and Fuqua 2007; Karatan and Watnick 2009).
After invasion, the formation of a biofilm allows the bacterium to maintain a critical mass of
cells within the plant tissues. The availability of key nutrients, chemotaxis towards the
surface, motility of bacteria, surface adhesins and the presence of surfactants are factors that
influence biofilm formation (Danhorn and Fuqua 2007).

Xanthomonas campestris pv. viticola (Xcv) (Nayudu) Dye is a Gram-negative
bacterium with dimensions of 0.6 x 1.2 to 2.5 um. It is rod-shaped, has a polar flagellum and
undergoes aerobic metabolism. It causes bacterial canker of the grapevine (Vitis vinifera L.), a
disease that has been detected in India, Brazil and Thailand but only has economic impact in
Brazil. In the Vale do Submédio S&o Francisco in the northeast of Brazil, bacterial canker is
one of the most important grapevine diseases, responsible for severe damage and representing
a serious risk to Brazilian viticulture (Araujo et al. 2005). Xcv is present in the states of Bahia,
Ceara and Pernambuco (Naue et al. 2014).

Due to the economic damage caused by the bacterial canker disease of grapevine
plants, there has been a major effort to generate more information about Xcv. The biology and
ecology of this bacterium is poorly understood, and little is known about its epiphytic growth,
mechanisms of pathogenesis, and modes of dissemination and survival (Silva et al. 2012;
Silva Regini and Negri 2013; Naue et al. 2014; Tostes et al. 2014). Several bacterial species
that cause plant diseases have the capacity to adhere and form biofilms, showing distinct
phenotypes and affecting different hosts (Lagonenko, Lagonenko and Evtushenkov 2013;
Zimaro et al. 2013; Sena-Vélez et al. 2014). Although this characteristic may increase the
bacterial virulence and hamper disease control, studies regarding the ability of the Xcv to form
a biofilm were not found.

Therefore, the aims of this study were to evaluate the ability of Xcv strains to adhere
and form biofilms in vitro and to determine the influence of the culture medium and surfaces
on biofilm formation. In addition, the biofilm architecture and swarming motility were also

investigated.

Materials and Methods

Bacterial strains and growth conditions. Seven strains of Xcv were selected based on a
variability of the severity to the grapevine, as described in previous studies (Gama 2014).
Strains Xcv154, Xcv158, Xcv207 and Xcv229 represented high virulence, and Xcv137,
UnB1315 and ENA4598 represented low virulence.
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The strains of Xcv were cultured in nutrient-dextrose-yeast extract liquid medium
(NYD) for 36 h at 28 °C. The bacterial suspensions were prepared in water and adjusted to an
optical density ODgg= 0.4 nm, equivalent to 10® CFU mL™, using a SpectraMax® M2e
Multimode Microplate Reader (Molecular Devices, California, USA).

Biofilm formation. Assays were conducted in microtiter plates and glass tubes utilizing
distinct liquid media: NYD; yeast extract-dextrose-calcium carbonate (YDC); KADO 523
(KADO); and Luria-Bertani (LB).

Standard sterile 96-well polystyrene flat-bottom microtiter plates (Costar 3599
Corning Inc., Amsterdam, USA) were used to evaluate biofilm formation according to a
protocol adapted from Trentin et al. (2011). To each well, 140 uL of culture medium, 20 pL
of Milli-Q water and 40 pL of bacterial suspension (10® CFU mL™) were added. Two controls
were added: the antibiotic rifampicin (32 ug mL™) (Sigma-Aldrich, St. Louis, USA), and a
negative control that contained only culture medium (200 pL). After 36 h of incubation (28 +
2 °C), the wells had their contents removed and were washed three times with sterile NaCl
saline (0.9%). The plates were placed in the oven, and the fixation was performed for 1 h at
60 °C. Then, the adherent layer of biofilm was stained with 0.4% crystal violet for 15 min
under laboratory conditions, and the plate was washed with tap water. In each well, the
biofilm was solubilized in 200 pL of ethanol for 10 min with the lid closed to prevent
evaporation. The plate was read at ODs7o. Eight biological replicates were performed.

Biofilm formation was also evaluated in glass tubes according to a protocol adapted
from Tang et al. (2011) by inoculating 1 mL of the bacterial suspension in each tube
containing 4 mL of NYD, YDC, KADO or LB. The formation of biofilms on the walls of the
tubes was verified using the same methodology as for the microtiter plates. Five biological
replicates were performed.

The ability of biofilm formation of the Xcv strains followed the classification of
Stepanovic et al. (2000), where the optical density (OD) of negative control is used as basis to
determine the parameters to consider an isolated or non- biofilm producer (DOc). Therefore,
the rating for the formation of biofilm or not follows the following rule: OD < ODc = no
producer, ODc < OD < (2xODc) = weak producer, (2xODc) < OD < (4xODc) = moderate
producer and (4xODc) < OD = strong producer.

Biofilm architecture. The strains Xcv229 and Xcv158 were grown in sterile 96-well
microtiter plates in four different culture mediums, as already described, for 24 h. Samples
were observed using an CLSM Olympus FluoView™ 1000 (Olympus Corporation, Tokyo,
Japan). Sample preparation was performed with dye conjugate concanavalin A (Con A),
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following the manufacturer's instructions (Molecular Probes™, Eugene, USA), and the
LIVE/DEAD® Bacterial Viability and Counting Kit (BacLight™, Oregon, EUA). Live cells
were stained in green and dead cells in red. The images were analyzed using Olympus
Fluoview 4.0 software (FV10-ASW, Tokyo, Japan).

The biofilm architecture was also studied using SEM. Strains Xcv229 and Xcv158

were grown in four different culture media in sterile 96-well microtiter plates containing
Permanox® Cell Culture Slide (Nalge Nunc International, Rochester, USA) for 36 h. Samples
were cut into pieces (0.7 x 0.5 mm) and prepared according to the methodology of Poto et al.
(2009), modified. The samples were washed with sterile 0.9% NaCl, and the biofilm was
fixed with 2.5% glutaraldehyde overnight and washed with cacodylate buffer. Then, the
samples were dehydrated with increasing concentrations of acetone of 10, 30, 50, 70, 90 and
100% for 10 min in each concentration, dried in a CO, critical point dryer (Bal-Tec 030,
Shared Materials Instrumentation Facility, Durham, USA), and metalized with platinum. The
samples were scanned using a JEOL SEM (JSM-5800 LV, Jeol Ltda., Tokyo, Japan), and the
images were analyzed using NORAN System Six® software (Thermo Electron Scientific,
Madison, USA). Each study was performed in triplicate.
Swarming motility. The strains Xcv229 and Xcv158 were assayed according to the
methodology of Rashid and Kornberg (2000), modified. Bacteria were grown in NYDA for
48 h, the cells were resuspended in sterile distilled water and the final concentration of the
bacterial suspension was adjusted to 102 CFU mL™. This suspension was deposited, 100 pL,
in the center of plates containing swarming medium (beef extract 3 g L™, yeast extract 5 g L™,
dextrose 5 g L™, agar 5 g L™), and the plates were incubated at 28 °C. The colony diameter
was measured 72 h post-inoculation. Three biological replicates were performed, and the
assay was performed thrice. Given that significant differences in the variances of the
experimental replications were not observed (P<0.05), the data were evaluated as replicates in
time. The data were subjected to ANOVA, and the means were compared by Student’s t-test
(P<0.05) using Statistix® software (version 10.0, Analytical Software, Tallahassee, USA).

Results

Biofilm formation. Generally, all strains of Xcv formed biofilms in all four types of culture
medium in microtiter plates, though to different degrees (weak, moderate and strong).
However, Xcv207 showed non-adherence in NYD (Fig. 1A). Xcv229 was the strongest
biofilm producer in the four media. Xcv158 also stood out as strong biofilm producer,

although it showed a weak formation in YDC.
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In glass tubes, Xcv229 and Xcv158 showed, respectively, moderate to strong and
weak to medium formations of biofilms in all culture media (Fig. 1B), except for Xcv158 in
YDC. The other five Xcv strains did not form biofilms. The microtiter plate method was
considered to be superior to the glass tube method (Fig. 1). In culture media with rifampicin
(32 ng mL™), the growth of the bacterial strains was inhibited.

Based on the results of the biofilm formation, the Xcv229 and Xcv158 strains were

selected for the other studies.
Biofilm architecture. The CLSM performed at 24 h showed some cells of Xcv229 beginning
to adhere to the surface of the plate wells and characterized the initial formation of the biofilm
matrix in KADO (Fig. 2 Al, A2 and A3) and YDC (Fig. 2 B1, B2 and B3) stained with
concanavalin A; however, the majority of the cells remained dispersed. Xcv229 stained with
Live/Dead showed a distinctly structured and dense biofilm consisting of large cell
aggregations in YDC (Fig. 2 C1, C2 and C3). Biofilm formation was observed only in NYD
amended with rifampicin and stained with Live/Dead (Fig. 2 D1, D2 and D3). Xcv158 did not
adhere or form a biofilm matrix in any culture medium.

SEM revealed that strains Xcv229 and Xcv158 were able to form dense biofilms
exhibiting typical biofilm architectures (Fig. 3). Xcv229 showed an initial phase with
aggregates in YDC (Fig. 3 A and B) and the presence of a strong biofilm structure in LB (Fig.
3 C and D). Xcv158 presented an initial formation of a biofilm matrix in NYD (Fig. 3 E and
F) and LB (Fig. 3 G and H) with isolated aggregates.

Swarming motility. Strains showed the migration of cells (increase in colony diameter),
forming smooth and flat colonies, which was considered positive swarming (Fig. 4A).
However, Xcv158 displayed a higher swarming motility than Xcv229 (P<0.05) (Fig. 4B).

Interestingly, we identified strain Xcv229 as a strong biofilm producer (Fig. 1).

Discussion

Xcv strains Xcv229 and Xcv158 were capable of forming a biofilm in all media tested.
However, the results obtained herein show no direct correlation between virulence found by
Gama (2014) and biofilm formation observed in this study. The ability to form a biofilm is a
universal attribute of several bacteria, but the mechanism employed to pursue this
characteristic may vary according to the specific strain and the diverse environments they
occupy (Martinez and Vadyvaloo 2014). Xcv colonizes leaves, branches, rachis, berries and
vascular system of the grapevine plants, and biofilm formation can play a role in the infection

and virulence of the bacteria at these colonization sites. This was already demonstrated for
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Xanthomonas citri subsp. citri (Zimaro et al. 2013; Sena-Vélez et al. 2014), Erwinia
amylovora, Pseudomonas corrugata, Pseudomonas syringae pv. syringae, Xanthomonas
campestris pv. campestris, Pectobacterium carotovorum (Lagonenko, Lagonenko and
Evtushenkov 2013), and Xanthomonas alfalfae subsp. citrumelonis (Sena-Vélez et al. 2014).
The adhesion of microbial cells to a surface or substrate, the physicochemical characteristics
of the substrate, and the environmental conditions are decisive factors in this process (Araljo
et al. 2010). We tested the possible influence of the four culture media and the polypropylene
and glass surfaces on cell adherence and biofilm formation by strains of Xcv.

Despite its various components, the different culture media tested had no distinct
effect on biofilm formation by Xcv on microtiter plates, as a biofilm was observed in all
media, although to different degrees (weak, moderate and strong) according to the strain (Fig.
1A). One strain may be a strong biofilm producer in one culture medium and a poor biofilm
producer in another medium (Harrison et al. 2006). Therefore, the composition of the medium
has been documented as one of the factors that influence the bacterial ability to form a biofilm
in vitro (Tang et al. 2011). In particular, the presence of glucose in the culture medium has
been reported to enhance this process (Stepanovic et al. 2007). These findings do not fully
agree with our studies, as the LB broth, which was the only medium without glucose, was as
good a medium for biofilm formation as NYD and YDC (Fig. 1). Thus, to confirm a biofilm-
producing strain, the use of at least two culture media is recommended (Knobloch et al.
2002).

In glass tubes, only Xcv229 and Xcv158 formed a biofilm in most of the culture media
(Fig. 1B), evidencing that the microtiter plate method (Fig. 1A) is superior to the glass tube
method. The strain Xcv229 was the most versatile with respect to its ability to form a biofilm,
regardless of the culture broth used in the microtiter plate and glass tubes. Bacterial adhesion
is a complex process that can be affected by many factors, such as the physicochemical
characteristics of the bacteria and the hydrophobicity of the surface or substrate (Simdes,
Simdes and Vieira 2010). The surface on which the organism tries to adapt can exert a strong
influence on its adhesion, and it becomes a decisive factor in biofilm formation. Hydrophobic
surfaces such as plastics are usually more easily adhered to by microorganisms compared than
hydrophilic ones such as glass or metal (Rodrigues et al. 2009).

In CLSM, viable cells, the initial matrix of the biofilm structure, the distinctly
structured biofilm, cells embedded within an extracellular polymeric matrix, and aggregates

probably connected by this matrix were visualized only for Xcv229 (Fig. 2). These structures
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were also found as typical characteristics of mature X. axonopodis pv. citri biofilms on glass
slides (Rigano et al. 2007).

The absence of adherence and biofilm matrix formation by strain Xcv158 on glass
slides was probably due to the evaluation period. At 24 h, only Xcv229 was able to adhere
and start biofilm formation, because it is a stronger biofilm producer, as observed in
microtiter plate and glass tube assays (Fig. 1).

The observation of the high biofilm biomass in the NYD amended with rifampicin (32
ug/ml) (Fig. 3D) indicates that Xcv229 possibly formed this structure before the action of the
antibiotic, probably as a defense mechanism. Reiter et al. (2012) observed that rifampicin
alone failed to kill biofilm-forming bacteria, demonstrating a stronger inability to eradicate a
mature biofilm compared with vancomycin. In the same study, the concentration of
vancomycin necessary for killing planktonic cells was not able to inhibit adherent cells or
eradicate mature biofilms. Furthermore, the antibiotics tobramycin and tetracycline at sub-
inhibitory concentrations increased Pseudomonas aeruginosa motility and the expression of
its type 111 secretion system, respectively, inducing biofilm formation (Linares et al. 2006).

SEM images of strains Xcv158 and Xcv229 revealed typical biofilm architectures,
from the initial formation of clumps to the presence of dense biofilms, varying according to
the strain and culture medium utilized (Fig. 3). This result corroborates the findings obtained
in the microtiter plate assay (Fig. 1A). Biofilms may have different sizes despite having the
same time growing in a culture medium because its growth, adhesion and maturation are
related to the culture medium and its composition (Tang et al. 2011). SEM showed that Xcv
cells adhere to the plant surface mostly on the veins and trichomes of the leaf blades (Araujo
et al. 2004). Seed grapevine samples showed bacterial aggregates associated with the
tegument surface and the first parenchymal layer beneath the seed tegument (Tostes et al.
2014).

Xcv229 presented a slow swarming motility under the conditions tested (Fig. 4),
although it was classified as a strong biofilm producer (Fig. 1). Swarming is often considered
a transitional step before the formation of stationary biofilm communities (Anyan et al. 2014).
Flagella were necessary for swarming motility in X. axonopodis pv. citri, which in turn was
important in determining the final structure of the biofilm (Gottig et al. 2009). Polar flagella
may also play an important role in adhesion and biofilm formation and contribute to the
pathogen virulence under certain environmental conditions, as evidenced in Acidovorax
citrulli (Bahar, Goffer and Burdman 2009). However, flagella are important but not essential

for surface attachment (Watnick and Kolter 1999). Studies with P. aeruginosa showed that
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despite the importance of the flagella for the development of biofilms, there is not necessarily
a positive correlation between these two features, characterizing a process of trade-off
development, even if both are essential to the evolutionary success of the individual (such as
biofilm formation and motility) (Ditmarsch et al. 2013). In the evolution, this can be
explained by the great complexity of the bacterial biofilm and because flagella and other
external cell structures are influenced by the nutrient composition of the substrate, pH, fluid
hydrodynamics, and biotic or abiotic surfaces, among others (Flemming and Wingender
2010).

In conclusion, we report that strains of Xcv have different levels of biofilm formation
in different culture broths and that the microtiter plate method is a quantitative and reliable
method for the detection of biofilms. Additionally, we found that biofilm production by Xcv is
not dependent on swarming motility. This work is the first report of biofilm production by the

plant pathogenic bacterium Xcv.
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Figure 1. Biofilm formation on polystyrene microtiter plates (A) and glass tubes (B) by
different strains of the Xanthomonas campestris pv.viticola. NA: non adherent, W: weak, S:
strong and M: moderate (Stepanovic et al., 2000). Mean values were from four independent
experiments, and each was performed with eight replicates. Values are expressed as mean *
standard deviation. NYD, dextrose-yeast extract; YDC, yeast extract-dextrose-calcium
carbonate; KADO, Kado 523; LB, Luria-Bertani.
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Figure 3. Biofilm architecture of Xanthomonas campestris pv. viticola 36 h-grown in liquid
culture media, analyzed by scanning electron microscopy. A-D: strain Xcv229 in YDC (A, B)
- initial biofilm formation with clumps; in LB (C, D) - strong biofilm formation. E-H: strain
Xcv158 in NYD (E, F) - initial biofilm formation; in LB (G, H) - formation of characteristic
clumps (arrows). A, C, E and G = 200X and B, D, F and H = 2000X.
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Figure 4. Swarming motility of Xanthomonas campestris pv. viticola strains Xcv229 and
Xcv158 on swarming medium plates at 72 h post-inoculation (A). Mean diameter of
swarming halos formed (B). Values are means of three independent experiments, each
performed with three replicates. Values are expressed as mean + standard deviation. Bars

labelled with different letters are significantly different, according to Student’s t-test (P<0.05).
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An efficient method for protein extraction is a prerequisite for the successful implementation of
proteomics, which is being used as a tool in the study of the interaction between plants and
phytopathogens. With the objective to optimize a method of protein extraction for proteomic analysis of
the phytobacterium Xanthomonas campestris pv. viticola, the efficiency of four methodologies were
compared, based on the two-dimensional gel electrophoresis profile (2D-PAGE). Trizol®, phenol,
centrifugation and lysis methods were tested and through quantitative and qualitative analysis, the
most suitable method to obtain high-quality protein was selected. All methodologies enabled the
extraction of a significant amount of proteins; nevertheless, the centrifugation method allowed
obtaining the highest concentration of solubilized proteins. However, the analysis of the 2D-PAGE gel
images revealed a larger number of spots in the lysis method when compared to the others. Taking into
consideration the quality of the results and the practical advantages of the lysis method, this is
recommended as the best option for total protein extraction of X. campestris pv. viticola for proteomic
studies.

Key words: Bacterial canker, Vitis vinifera, proteomics, sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), two-dimensional gel electrophoresis (2D-PAGE).

INTRODUCTION

Xanthomonas campestris pv. viticola (Xcv) (Nayudu) Dye serious potential risk to Brazilian viticulture (Silva et al.,
is the causal agent of bacterial canker, one of the most 2012). Outside of Brazil, this disease occurs only in India
important grapevine (Vitis vinifera L.) diseases, (Jambenal et al., 2011) and Thailand (Buensanteai,
responsible for severe damage and representing a 2004), where, anyway, severe losses have not yet been
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recorded. The characteristic symptoms of the disease are
cankers in the branches, petioles and stems. Small dark
and angular lesions are observed in the leaves; these
lesions necrose large areas of the leaf when they
coalesce. The veins become necrosed, particularly on the
lower surface of the leaf blade (Nayudu, 1972; Trindade
et al., 2007). Vein necrosis is an important symptom for
diagnosis of the disease when the leaf lesions are
atypical and cankers are absent. The berries of infected
plants are non-uniform in size and color and may exhibit
necrotic lesions (Rodrigues et al, 2011). For the
successful control of bacterial canker of grapevine, it is
necessary to understand the characteristics of X.
campestris pv. viticola and the pathogenesis mechanisms
involved in this plant-pathogen interaction, which have
not yet been fully clarified (Tostes et al., 2014). Thus,
proteomics technologies can integrate the basic
knowledge necessary for the understanding of the
mechanisms that phytobacteria use to cause diseases in
their host (Norbeck et al., 2006).

Proteomics is defined as the analysis of proteins
expressed by a cell or any biological sample at a given
time and under specific conditions (Dierick et al., 2002).
Proteins are functional molecules that play key roles in
cells (Gorg et al, 1995), being important for
comprehensive understanding of any biological system
(Beranova-Giorgianni, 2003). In comparison with
genomic studies, investigations of the proteome provide
detailed information, such as the abundance of proteins
and post-translational modifications (Galdos-Riveros et
al., 2010).

Among the various technologies used for the
investigation of protein expression on a large scale, two-
dimensional gel electrophoresis (2D-PAGE) stands out.
This method separates proteins using a relative
isoelectric point and molecular weight on its mobile base
in a polyacrylamide gel matrix (Kim et al., 2007). The
spots generated are used to create databases. However,
it is necessary to obtain high quality protein samples, that
is, free from contaminants (high levels of salts, nucleic
acids, polysaccharides, phenolic compounds, pigments
and other compounds) that can interfere with 2D-PAGE
(Chan et al., 2002; Chan et al., 2004a, 2004b). Thus, an
efficient method of extraction is a prerequisite for the
successful implementation of proteomics (Mehmeti et al.,
2011) for studies of the plant-pathogen interaction and
continues to be a challenge for scientists (Natarajan et
al., 2005). In this context, four methodologies to extract
proteins from the phytobacterium X. campestris pv.
viticola were tested, in order to optimize the sample
preparation for two-dimensional electrophoresis.

MATERIALS AND METHODS
Culture conditions

The isolate of X. campestris pv. viticola (Xcv 137) used in the

43

experiments was obtained from the Culture Collection of the
Phytobacteriology Laboratory of the Federal Rural University of
Pernambuco (Universidade Federal Rural de Pernambuco), Brazil.
It was grown in 20 ml of NYD liquid medium (10 g/L dextrose, 5 g/L
peptone, 5 g/L yeast extract and 3 g/L meat extract) for 24 h at
28°C under shaking (150 rpm) to obtain the pre-inoculate. The
concentrations of the bacterial suspensions were adjusted to A570
= 0.4 (10® CFU/ml) using a spectrophotometer (Analyser 500 M,
Sao Paulo, Brazil). Following this, 180 ml of the same NYD medium
were added and the culture maintained under the same growth
conditions for 24 h.

Protein extraction

In this study, four different extraction methods (Trizol®, phenol,
centrifugation and lysis) were used to extract protein from a
suspension of bacterial cells grown in NYD medium. The bacterial
suspensions were then centrifuged at 10 000 x g for 5 min
(CENTRIFUGE MCD-2000, Shanghai, China) and washed three
times with saline solution (0.9% NaCl). The pellets were stored at
20°C and used in each method. Three biological replicates
(independent cultures) were performed for each method.

Trizol method

The protocol was carried out according to manufacturer's
instructions of Trizol® (Invitrogen®, Carlsbad, USA), modifying only
the protein resolubilization step by using 0.5 ml of rehydration buffer
without the bromophenol blue (7 M urea, 2 M thiourea, 4% CHAPS)
instead of washing solution (0.3 M guanidine hypochlorite in 95%
ethanol).

Phenol method

The bacterial pellet was washed in phosphate buffer (1.24 g/l
K;HPQO,4, 0.39 g/l KH,PO,4, 8.8 g/l NaCl, pH 7.2) and 0.75 ml of
extraction buffer (0.7 M sucrose, 0.5 M Tris-HCI, 30 mM HCI, 50
mM EDTA, 0.1 M KCI and 40 mM DTT) was added, followed by
incubation for 15 min at 28°C. The same volume of phenol was
added, and after 15 min of agitation in a vortex, the suspension was
centrifuged at 14 000 x g for 6 min at 4°C and the phenolic phase
was recovered. This procedure was repeated two more times.
Proteins were precipitated with the addition of five volumes of 0.1 M
ammonium acetate in methanol (Mehta and Rosato, 2003). The
precipitate was washed with 1 ml of 80% acetone and resolubilized
as described in the previous paragraph.

Centrifugation method

Resuspension of the bacterial pellet was performed in 500 pl of
extraction buffer (0.3% SDS, 200 mM DTT, 28 mM Tris-HCI and 22
mM Tris). Subsequently, the Eppendorf tube containing the cell
suspension was gently agitated for 10 min at 4°C. Afterward, the
sample was centrifuged at 14 000 x g for 10 min at 4°C, incubated
at 100°C for 5 min and then cooled on ice. Next, 24 pl of assay
buffer (24 mM Tris, 476 mM Tris-HCI, 50 mM MgCl;, 1 mg/ml
DNAse | and 0.25 mg/ml RNAse A) were added, and the sample
incubated on ice for 15 min. The reaction was stopped by the
addition of four volumes of ice cold acetone and precipitation of
proteins was left to occur on ice for 20 min. Cell debris were
removed by centrifugation at 14 000 x g for 10 min at 4°C (Giard et
al., 2001). The pellet was dissolved by using 0.5 ml of rehydration
buffer (7 M urea; 2 M thiourea; 4% CHAPS), and incubated at 50°C
for 2 h.
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Table 1. Quantification of proteins of Xanthomonas campestris
pv. viticola obtained by four different methods of extraction.

Method Concentration (ug/ul)
Centrifugation 9.1%+0.17
Trizol® 8.6°+0.17
Lysis 7.8°+0.17
Phenol 7.2°+0.15

Values are means * standard deviation (SD) of three technical
replicates. Low case letters a, b, c, d indicate significant differences
using Tukey's test (p < 0.05).

Lysis method

Bacterial pellet was resuspended in 0.5 ml rehydration buffer (7 M
urea; 2 M thiourea; 4% CHAPS), homogenized in a vortex for 5 min
and centrifuged at 10 000 x g at 4°C for 30 min. The supernatant
was then transferred to a new 1.5 ml tube (Jangpromma et al.,
2007).

Quantification of proteins

The concentration of total cellular proteins obtained with each
extraction method was determined by the 2-D Quant Kit, according
to the manufacturer's instructions (GE Healthcare®, Piscataway, NJ,
USA). Bovine serum albumin (BSA) was used as standard and the
assay was performed by measuring the absorbance at 480 nm.
This kit was selected as it does not interfere or interact with any
chemicals used during the extractions and is therefore compatible
with isoelectric focusing (IEF). The samples and the standards were
read in triplicate.

One-dimensional gels (SDS-PAGE)

For the preparation of the SDS-PAGE gel the methodology of
Laemmli (Laemmli, 1970) was used, which involved a 15%
polyacrylamide separation gel and a 4% concentration standard
molecular weight marker (High-Range Amersham™ Rainbow™) from
GE Healthcare®. In each well, 30 pg of protein were loaded.
Electrophoresis ran at 40 mA for 15 min and then at 100 mA for 2 h,
in a vertical Owl P10DS cube (Thermo Scientific®, Hudson, New
Hampshire, USA). The gels were stained using the reagent
Coomassie brilliant blue (Coomassie Brilliant Blue G250) (Candiano
et al., 2004) and bleached in a solution of 7.5% methanol and 5%
glacial acetic acid until complete visualization of bands.

Two-dimensional gel (2D-PAGE)

The two-dimensional electrophoresis was performed in two stages
according to the 2-D Electrophoresis instructions of GE
Healthcare®. In the first step, isoelectric focusing (IEF) was done, in
which proteins were resuspended in rehydration buffer (7 M urea, 2
M thiourea, 2% CHAPS (w/v), 2 mM DTT, 1% IPG buffer (w/v) and
0.2% bromophenol blue).

The IEF was conducted using Ettan IPGphor 3 (GE Healthcare®)
in 7 cm strips of immobilized pH gradient (IPG) ranging from 3 to 10
(Amersham Bioscience AB, Uppsala, Sweden) which were loaded
with 150 pg of protein. Subsequently, the strips were balanced in
reducing solutions of disulfide bridges containing DTT
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(dithiothreitol) and iodoacetamide (Gorg et al., 1995). In the second
step, 2D-PAGE electrophoresis was performed using a 15%
polyacrylamide gel in an initial run of 15 mA for 20 min per gel,
increasing to 45 mA per gel for about 3 h. The gels were stained as
in the SDS-PAGE until complete visualization of spots.

Image analysis of gels

After staining, the gels were scanned using Image Scanner
software (Amersham Biosciences) in transparency mode with a
resolution of 300 dpi (dots per inch). The images of 2D-PAGE gels
were analyzed using Image Master 2D-Platinum software, version
7.0 (Amersham Biosciences). The program provided the number of
protein spots from each of the gels which was validated by visual
inspection. For each biological replicate three technical replicates
were made to confirm the reproducibility of the results.

The efficiency of the methodologies used in this study was
evaluated by the qualitative parameters (resolution and intensity of
bands) for SDS-PAGE and for both quantitative (amount of proteins
and number of spots) and qualitative (resolution and intensity of
spots, and reproducibility) parameters for 2D-PAGE.

Statistical analysis

Statistical analysis was made using the Statistix® software (version
9.0, Analytical Software, Tallahassee, USA). Data were analyzed by
one way analysis of variance (ANOVA) followed by Tukey's test. In
all statistical analyses, p < 0.05 was taken as the level of
significance.

RESULTS AND DISCUSSION

For both SDS-PAGE and 2D-PAGE, which are
techniques commonly used in proteomics, thorough and
careful sample preparation is very important for the
guantification and high resolution of proteins. Due to the
different physical and chemical properties of proteins, an
appropriate and standardized bioassay of a given
sample, including protein extraction with different
methods, favors their identification (Mehmeti et al., 2011).

In this study, four different extraction methods (Trizol®,
phenol, centrifugation and lysis) were compared to
determine which of them increase the solubilization of
proteins of the X. campestris pv. viticola. All
methodologies tested proved to be efficient in detecting a
large and different (p < 0.05) amount of proteins (Table
1). According to Shi et al. (2013), complete solubilization
of samples is the best way to achieve the goal of
standardizing the recovery of proteins. The highest
protein yield was obtained by the centrifugation method.
The potential reasons for that may be the use of SDS in
the centrifugation solution and the high temperature
heating of 100°C, both recognized as critical in protein
extraction (Shi et al., 2006). In the SDS-PAGE gel image
analysis, the protein bands were sharp, well defined and
without presenting characteristics of degradation (Figure
1).

The results of the two-dimensional gels were different
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Figure 1. Representation of SDS-PAGE gel (15%) of
proteins of Xanthomonas campestris pv. viticola
extracted by four extraction methodologies: Trizol® (T),
Phenol (P), Centrifugation (C) and Lysis (L); M, kDa
marker.

in relation to the quality of the sample and numbers of
spots obtained from the four methods studied (Figure 2).
In the Trizol® method (Figure 2A) most of the rare and
sparse spots were distributed throughout the pH range of
acid and were between 76 to 24 kDa. The phenol method
(Figure 2 B) did not allow for a good quality sample,
making focusing impossible; several horizontal stripes
were observed in the gel, whose proteins were separated
only by molecular weight. According to Saravanan and
Rose (2004), the presence of non-protein impurities can
critically affect the quality of 2D-PAGE separation,
resulting in the formation of spots and/or horizontal and
vertical striations, and a notable decrease in the number
of spots. In the centrifugation and lysis methods (Figure 2
C; D), the spots were more concentrated in the range of
225 to 24 kDa. The three technical replicates showed
similar results for the number of spots. The lysis method
presented the largest number of spots and differs
significantly (p < 0.05) from the other extraction
methods(Figure 3). Therefore, lysis method was defined

as the best among the tested methods, since it allowed
obtaining the highest number of spots with the best
definition in 2D-PAGE gel.

Despite the lysis method did not provide the greatest
concentration of proteins, as verified for centrifugation
(Table 1), a high quality profile of proteins was observed
in terms of resolution, number and intensity of the spots
(Figure 2D). This result indicates that proteins with low
abundance and high molecular weight were clearly
revealed and detected in the 2D-PAGE gel by this
method. Furthermore, it was observed that different sets
of proteins were detected by the presence of bright spots
with good resolution. The lysis method stands out not
only for its greater representativeness of spots, but also
for being a fast (about 1 h) and practical method,
accessible to any laboratory. The most interfering
materials (non-protein components) are effectively
removed; the proteins are protected against degradation
by proteases, thus not requiring the use of protease
inhibitors. In addition, reagents used are of low cost and
toxicity, when compared with other methodologies (Tan
et al., 2011). This method greatly reduces the extraction
time, which in turn, improves the quality of the sample.

A large amount of proteins of X. campestris pv. viticola
was extracted by the phenol method (Table 1), however,
the unsatisfactory results obtained from the analysis of
2D-PAGE (Figure 2B) indicated absence of different
protein concentrations or inefficiency of the staining
method. These two aspects are cited by Gorg et al.
(2004) as being more important than the concentration of
protein for the success of 2D-PAGE analysis. Phenol is
an effective solvent of proteins that can greatly reduce
molecular interactions between proteins and other
compounds that inhibit electrophoresis (Wang et al.,
2007). This method has been successfully employed for
protein extraction of X. citri subsp. citri (Mehta and
Rosato, 2003; Soares et al., 2010), but its effectiveness
was not proven under the extraction conditions of X.
campestris pv. Vviticola. Many techniques including
physical methods and those based on detergents are
available for cell disruption and protein extraction
(Grabskia, 2009). These techniques can vary widely in
reproducibility and in representation of the proteome and,
thus, need to be adapted to the phytobacteria. Using
various extraction methods, proteomic studies have been
conducted with Xanthomonas spp. like X. campestris pv.
campestris (Villeth et al., 2009), X. oryzae pv. oryzicola
(Zhao et al., 2011), X. oryzae pv. oryzae (Gonzélez et al.,
2012), X. axonopodis pv. passiflorae (Tahara et al,
2003), X. axonopodis pv. citri (Zimaro et al., 2013) and X.
citri subsp. malvacearum (Razaghi et al., 2012).

Conclusion

The results obtained in this work were satisfactory taking
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Figure 2. Representation of the 2D-PAGE gel of total proteins of Xanthomonas
campestris pv. viticola, focused on strips of 7 cm pH 3-10, extracted by four
methodologies: Trizol® (A), Phenol (B), Centrifugation (C) and Lysis (D).
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Figure 3. Number of spots identified by the Image Master 2D Platinum
program in four different protein extraction methodologies of
Xanthomonas campestris pv. viticola. Values are means + standard
deviation (SD) of three technical replicates. Low case letters a, b, ¢, d
indicate significant differences using Tukey's test (p < 0.05).
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into consideration that, in the literature consulted, no
results were found of a single or a combination of
methods developed for protein extraction of X.
campestris pv. viticola, making this study probably the
first. Therefore, considering the excellent profile of
proteins obtained in 2D-PAGE analysis by the lysis
method, this is recommended as the best option for total
protein extraction of X. campestris pv. viticola. This
extraction method can be used in proteomic research
with this phytobacterium in order to study population
diversity based on protein profile, detection of
pathogenesis-related proteins, and biofilm formation,
among others. This is an excellent opportunity to make
great progresses in the understanding of plant-pathogen
interaction, aiming at establishing efficient management
measures of bacterial canker of grapevine.
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CONCLUSOES GERAIS

- Os isolados de Xanthomonas campestris pv. viticola (Xcv) testados formam biofilmes nos
meios de cultura liquidos caldo nutriente-dextrose-extrato de levedura, extrato de levedura-
dextrose-carbonato de célcio, KADO 523 e Luria-Bertani, porém em diferentes niveis (fraco,

moderado e forte);

- O isolado Xcv229 é um forte produtor de biofilme;

- O método de placa de microtitulagdo € um método eficiente para deteccdo de biofilme de
Xcev,

- A formacdo de biofilme por Xcv, de acordo com a metodologia testada, ndo € dependente da

motilidade swarming;

- O método de lise é recomendado como a melhor opcdo para extracdo de proteinas totais de
Xcv.



