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RESUMO

O tomateiro (Solanum lycopersicum) é uma das principais hortalicas de valor
econdmico no mundo e é a segunda solanacea mais cultivada, sendo superada
apenas pela batata. Essa espécie esta sujeita a varias doengas que comprometem
seu desenvolvimento, dentre elas esta a murcha de fusario, causada pelo fungo de
solo Fusarium oxysporum f. sp. lycopersici (Fol). Para estd doenga o controle
quimico nao é eficiente, assim o uso de cultivares resistentes representa um dos
melhores recursos para evitar o prejuizo causado pelo fungo. A proteémica é uma
grande ferramenta no estudo de diversos estresses, permitindo a identificagado de
proteinas alvo no melhoramento genético, a fim de se obter gendétipos resistentes.
Neste contexto, analisou-se o perfil das proteinas secretadas pelo tomateiro frente
ao Fol, para se identificar aquelas que estejam relacionadas com a defesa ao
fitopatogeno. Para isso utilizou-se o genétipo BHRS, resistente a isolados da raga 2
do Fol. Coletou-se o tecido radicular da planta, nos tempos 1, 2, 4 e 6 dias apés
inoculagao (DAI). Em seguida as proteinas totais foram extraidas, solubilizadas e
separadas por eletroforese bidimensional (2-DE), para posterior identificagcao via
espectrometria de massas. As proteinas do tomateiro apresentam um carater acido,
nao apresentando boa resolugao na faixa de pH 3-10. Por isso utilizou-se tiras de
pH 4-7 na primeira dimensao da 2-DE. Pode-se reconhecer aproximadamente 500
proteinas diferentes em cada gel e 34 proteinas com expressao diferenciada no
experimento. Estas proteinas foram analisadas pelo espectrometro do tipo MALDI-
TOF/TOF. As proteinas identificadas foram agrupadas de acordo com os grupos
funcionais, para melhor descrever seu papel no metabolismo durante a infecgao.
Encontraram-se proteinas relacionadas com patogenicidade e relacionadas com a
reagao de hipersensibilidade. Também foram encontrados proteinas de sinalizagao,
relacionadas com outros mecanismos de defesa e de metabolismo primario. A
presenga de grupos protéicos relacionados com a resisténcia a patégenos
evidencia alguns dos mecanismos que confere ao genétipo de tomateiro BHRS a
qualidade de resistente a fusariose. Entretanto mais estudos sdo necessarios,
principalmente nas proteinas de membrana e parede celular, a fim de obter
informagodes sobre a interagao inicial entre a planta e o fungo.

Palavras chave: Solanum lycopersicum, Fusarium oxysporum f. sp. lycopersici,
Expressao diferencial, Prote6mica



ABSTRACT

The tomato (Solanum lycopersicum) is one of the most valuable vegetables in the
world and is the second most cultivated solanaceous, exceeded only by potatoes.
This species is subject to several diseases that hinder its development, and among
them is the Fusarium wilt, caused by the soil fungus Fusarium oxysporum f. sp.
lycopersici (Fol). For this disease chemical control is not efficient, so the use of
resistant cultivars is one of the best resources to prevent the damage caused by the
fungus. Proteomics is a major tool in the study of various stresses, allowing the
identification of target proteins in plant breeding in order to obtain resistant
genotypes. In this context, we analyzed the profile of proteins secreted by tomato
against the Fol, to identify those that are related to defense against the pathogen.
For this we used the genotype BHRS, resistant to isolates of Fol race 2. The root
tissue was collected from of the plant, at 1, 2, 4 and 6 days after inoculation (DAI).
Then the total proteins were extracted, solubilized and separated by two-
dimensional electrophoresis (2-DE) for further identification by mass spectrometry.
The tomato proteins have a acidic character, did not show good resolution in the pH
range 3-10. Therefore we used strips pH 4-7 in the first dimension of 2-DE. About
500 different proteins could be recognized in each gel and 34 proteins with
differential expression in the experiment. These proteins were analyzed by the mass
spectrometer of the type MALDI-TOF/TOF. The identified proteins were grouped
according to the functional groups to better describe their role in the metabolism
during infection. We found proteins related to pathogenicity and related
hypersensitivity reaction. Also found signaling proteins related to defense
mechanisms and primary metabolism. The presence of protein groups related to
resistance to pathogens shows some of the mechanisms which give to the
genotype of tomato BHRS the quality resistant to Fusarium wilt. However more
studies are needed, especially in membrane proteins and cell wall in order to obtain
information about the initial interaction between plant and fungus.

Keywords: Solanum Iycopersicum, Fusarium oxysporum f. sp. lycopersici,
Differential Expression, Proteomics
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1. INTRODUCAO GERAL
1.1 Tomateiro

O tomateiro é originario da América do sul, na regiao dos Andes, entre o
norte do Chile e o Equador. Foi difundido pelos Incas e Maias na América central
até chegar ao México, onde foi levado pelos espanhdéis a Europa durante a
colonizagdo, dai entdo se espalhou pelo mundo. Chegou ao Brasil no final do
século XIX, se tornando uma das culturas mais importantes para a economia
nacional (FILGUEIRA, 2003; FANTOVA, 2006).

O tomateiro é uma planta dicotiledénia, pertencente a familia Solanaceae,
género Solanum. Seu sistema radicular é do tipo pivotante, podendo chegar a até
1,5 m de profundidade. O caule da planta jovem de tomateiro é ereto, herbaceo,
suculento e coberto por pelos glandulares, e ao longo do crescimento se torna
lenhoso e fino, ndao suportando assim o peso da planta em posicao ereta
(ABRAHAO, 2011). As folhas sdo alternadas, compostas por nimero impar de
foliolos, sendo peciolados e apresentam bordas serrilhadas. As flores sao de
coloracdao amarela, hermafroditas e autégamas. Os frutos sdao bagas carnosas de
tamanhos, numero de léculos e formatos variados (SASAKI; SENO, 1994;
ABRAHAO, 2011). O tomate foi primeiramente chamado Solanum lycopersicum,
mas foi reclassificado como Lycopersicon esculentum, utilizando como base para
classificagdo caracteristicas morfolégicas. Entretanto com base em estudos
moleculares pode-se observar que o tomateiro apresenta muito mais relagao com o
género Solanum, voltando entdo a ser chamado Solanum Iycopersicum,
classificagcao esta proposta por Linnaeus no século XVIIl (PERALTA; SPOONER,
2000; ALVARENGA, 2004; ANDRADE; SOUZA; ASSIS, 2009).

A producao de tomate é concentrada para a industria de molhos e extratos,
utilizados na culinaria de todo o mundo. Recentemente, a demanda por tomate foi
reforcada pela busca de alimentos mais saudaveis, favorecendo também o
crescimento do mercado do produto fresco. O tomate é um alimento funcional
devido aos altos teores de vitaminas A, B e C, além de ser rico em licopeno,
antioxidante que ajuda na prevencao de canceres relacionados ao aparelho
digestivo e préostata (MELO, 2003; CARVALHO; PAGLIUCA, 2007).

Segundo a Organizagao das Nagoes Unidas para Agricultura e Alimentagao

na safra de 2009/2010 a producao mundial de tomate chegou a aproximadamente
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153 milhdes de toneladas numa area plantada com cerca de 4,6 milhdes de
hectares, dando a cultura a 11* posigdo no ranking mundial dos alimentos mais
produzidos. O Brasil ocupa a posicao de nono lugar na lista dos maiores
produtores dessa hortaliga (FAO, 2011), com uma area plantada de 700 mil hectares,
produzindo mais de 4,1 milhées toneladas do fruto na safra de 2009 (IBGE — SIDRA,
2011).

A regiao nordeste do Brasil representou aproximadamente 15% da producao
nacional de tomate em 2009/2010, Pernambuco sendo o segundo colocado desta
regido, ficando atras apenas da Bahia. A nivel nacional, Pernambuco encontra-se
em oitavo. Sua produgao representa cerca de 3,6% da producao nacional com safra
de 165 mil toneladas, numa area de 4.020 hectares no ano de 2009. A maior parte do
tomate é plantado nas regides agreste e sertdao, onde gerou uma receita de
aproximadamente R$100 milhées (IBGE — SIDRA, 2011).

Entretanto a producdao do tomate é severamente comprometida devido aos
varios patégenos que acometem a cultura, causadas por bactérias, fungo, virus e
nematoides. Esses patégenos causam varios danos, atuando nos diversos estagios
de desenvolvimento e requerem um grande dispéndio de recursos para controle
elou prevencao (ANDRADE; SOUZA; ASSIS, 2009).

O tomate também apresenta um grande potencial cientifico, devido a sua
grande distribuicido mundial, que tem sido limitada pelo contato com diversas
espécies de patégenos. Esse grande numero de organismos infectantes possibilita
que o tomate seja uma planta modelo no estudo da interagao planta-patégeno, onde
associando-se ao fato de que o genoma do tomate ja estd em processo de
sequenciamento permitird grandes avangos no manejo dessa planta (ARIE et al.,
2007). Arabidopsis thaliana, planta modelo mais utilizada, é bastante util em varios
estudos devido ao seu genoma ser relativamente pequeno e se ter facilidade em
manipula-la. Entretanto quando se fala em estudos de agdo de patégenos outros
modelos devem ser sugeridos, pois A. thaliana possui poucos organismos
infectantes e em alguns paises, como o Japao, a legislagdo é bastante rigorosa, em
se tratando de introduzir patégenos estrangeiros. Este problema é diminuido no
tomate, pois como ele é cultivado em todo mundo, acabou ganhando varios
patégenos especificos para cada regido, permitindo assim que cada pais possa

estudar a interagdo do tomate com os organismos nativos (ARIE et al., 2007).
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Uma das doengas mais importantes que acometem a cultura do tomateiro,
devido a sua agressividade e dificuldade no combate é a murcha de fusario,
causada pelo fungo de solo F. oxysporum f. sp. lycopersici (Fol). Esta doenga vem
se disseminando de maneira muito rapida, por isso estd cada vez mais sendo
estudada, a fim de se obter melhores técnicas de combate (CARVALHO; NETO;
CARMO, 2005; ANDRADE; SOUZA; ASSIS, 2009).

1.2 Fusariose

O fungo F. oxysporum f. sp. lycopersici (Fol), ou Fusarium é um habitante do
solo e pertence atualmente ao filo Ascomycota, classe Ascomycetes e ordem
Hypocreales. Espécies fitopatogénicas distribuidas dentro do género Fusarium,
dentre as quais F. oxysporum, tem sua fase teleomorfica desconhecida, sendo uma
espécie grupo, composta de dezenas de espécies que necessitam ser claramente
definidas e separadas de maneira adequada (LESLIE; SUMMERELL, 2006).

Ele apresenta micélio septado, colonias pouco coloridas inicialmente, mas
com a idade tornam-se amarelas com um tom de aspecto palido e sob
determinadas condig¢des, adquire cor rosa palida ou coloragao purpurea (VALE et
al., 2000). Nesta espécie sao produzidos trés tipos de esporos assexuais:
microconidios, macroconidios e clamidésporos. E comum aparecer macroconidios
na superficie das plantas mortas pelo patégeno, formando agrupamentos
semelhantes aos esporodéquios (AGRIOS, 2005). Os clamidésporos apresentam
paredes espessas, duplas e rugosas, formato globoso e podem ser formados
isolados, nas extremidades de conidiéforos ou intercalados nas hifas ou nos
macroconidios, constituindo as estruturas de resisténcia (NELSON et al., 1983;
LESLIE; SUMMERELL, 2006). Os clamidosporos de Fol podem ter uma ou duas
células (KUROZAWA; PAVAN, 2005). Clamidésporos podem permanecer viaveis no
solo na auséncia do hospedeiro por anos. Por isso é importante ressaltar a adogao
de medidas que impe¢am a entrada do fungo, em areas onde ainda nao foi
constatada a murcha de fusario (COSTA et al., 2007).

A espécie f. sp. lycopersici (Fol) é agrupada em trés ragas fisiolégicas: 1, 2 e
3 conforme as suas habilidades de infectar e causar doengca em uma série de
cultivares diferenciadoras, possuidoras de genes em diferentes loci de resisténcia
(BOHN; TUCKER, 1940). A murcha de fusario em espécies do género Solanum esta

restrita as espécies Solanum lycopersicon L. e Solanum pimpinellifolium L., muito
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embora possa afetar outras solanaceas ornamentais, malvaceas e gramineas (VALE
et al., 2000).

Na infecgao, os clamidésporos germinam sobre as raizes da planta e o tubo
germinativo resultante deste processo penetra diretamente a superficie vegetal ou
ganha o interior da planta através de ferimentos. Apés ocorrer a adesao de hifas
nas células epidermais e corticais do hospedeiro, estas sdao penetradas por hifas
constritas que causam degradacao local da parede celular (BECKMAN, 1987;
SOUZA, 2009). A penetragado ocorre mais frequentemente através das extremidades
de raizes, onde aberturas naturais na parede celular ou ferimentos provocados pelo
atrito das raizes com o solo provém uma entrada para o tecido vascular em
desenvolvimento. No entanto, o que determina o sucesso ou nao da penetragao do
hospedeiro e o desenvolvimento da murcha vascular é o balangco entre os
mecanismos de resisténcia do hospedeiro e os mecanismos de ataque do fungo
(TOYODA et al., 1988). Apds a penetragao, as hifas crescem em diregcdao aos vasos
do xilema e passam a se desenvolver no seu interior, colonizando as células,
produzindo esporos e promovendo a distribuicdao sistémica do fungo pela planta,
através da corrente ascendente de seiva. Com a evolugao da colonizagao, ocorre o
bloqueio dos vasos infectados, limitando parcial ou totalmente a passagem da agua
e elementos minerais para a parte aérea da planta (BECKMAN, 1987; ANDRADE;
SOUZA; ASSIS, 2009).

Os sintomas da murcha de fusario do tomateiro iniciam—-se pelas folhas
basais que perdem a turgidez, tornam—-se amareladas, apresentam crestamento do
limbo e, finalmente, caem. Quando se corta transversalmente a raiz ou o caule de
uma planta doente, pode—se observar o tipico escurecimento de vasos, que
evidencia a presenga do patégeno (NELSON, 1981). O escurecimento dos tecidos
vasculares infectados é mais intenso na base do caule sendo uma caracteristica
marcante, embora nao exclusiva da doenga. A planta quando infectada também
pode apresentar crescimento retardado. Com a morte da planta, novamente,
clamidésporos sao produzidos e permanecem dormentes até que as condigoes

sejam favoraveis ao seu desenvolvimento (LOPES et al., 2005).

As medidas preconizadas para o controle da murcha de fusario em tomateiro
envolvem o uso de cultivares resistentes, manipulagcao da fertilidade do solo,
impedir a drenagem de agua de local infestado para novas areas de plantio, permitir

que o solo repouse antes do plantio, uso da rotacao de culturas com plantas nao
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hospedeiras por cinco a sete anos, prevenir a disseminacao do patdégeno
eliminando o movimento de solo infestado, bem como o transito de maquinas,
animais e operarios de lavouras doentes para areas livres da doenga, eliminar os
restos culturais diminuindo, assim, o inéculo inicial para o préoximo ciclo da cultura
(BECKMAN, 1987; JONES, 1991; LOPES; SANTOS, 1994).

Entretanto, utilizagao de cultivares resistentes tem se revelado como a unica
alternativa viavel para o controle da murcha de fusario, embora apresente algumas
dificuldades. Pois induzem, o surgimento de ragas mais virulentas do fungo, que
requerem um programa continuo de criagdao e a introdugcdao regular de novas
cultivares resistentes, além da dificuldade na obtencdao de cultivares que
apresentem caracteristicas agrondmicas desejaveis e, também, o tempo necessario
para sua obtencdo (NELSON, 1981).

1.3 Interagao planta — patégeno e resisténcia

Fitopatégenos necessitam de seus respectivos hospedeiros para ter a
sobrevivéncia garantida. Nesse sentido a maioria dos patogenos retira seus
nutrientes do hospedeiro e utilizam no seu préoprio metabolismo para desempenhar
atividades vegetativas e reprodutivas. Entretanto, muitos desses nutrientes
encontram-se no interior do protoplasma das células vegetais e, para ter acesso
aos mesmos, o patogeno necessita vencer as barreiras fisicas ou quimicas do
hospedeiro, bem como promover a colonizagao interna dos tecidos a partir do sitio
de infeccao (PASCHOLATI; LEITE, 1995). Normalmente essa infecgao se caracteriza
pela desagregacao celular e pela utilizagdo de nutrientes. Dessa maneira, para um
patégeno infectar uma planta, € necessario que o mesmo consiga penetrar e
colonizar os tecidos do hospedeiro, retirar os nutrientes necessarios para sua
sobrevivéncia, bem como neutralizar as reagoes de defesa da planta. Para isso,
utiliza-se de compostos tais como: enzimas, toxinas e horménios (PASCHOLATI;

LEITE, 1995).

O sucesso dos patégenos em atravessar a primeira barreira de defesa
depende do grau de co-evolugao da relagcao patégeno-hospedeiro (THORDAL-
CHRISTENSEN, 2003). Os patégenos podem atravessar estas defesas de duas

maneiras: pelas aberturas estomaticas presentes no caule e folhas ou mediante
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estruturas de penetragdao, tal o caso de fungos, que introduzem uma hifa

especializada em perfuragao através das epidermes (HOLT et al., 2003).

A planta, ao ser invadida por um patégeno, pode desencadear uma série de
mecanismos de defesa na tentativa de conter o agente agressor. As plantas
possuem fatores estruturais e bioquimicos pré-existentes (passivos, constitutivos)
que estao envolvidos no processo de resisténcia antes da infec¢ao pelo patégeno
como cuticula, tricomas, estomatos, fibras e vasos condutores, fendis, alcaléides,
lactonas insaturadas, glicosideos fendlicos e cianogénicos, fitotoxinas e inibidores
protéicos. Apés a infecgao, pode aumentar o nivel de compostos de defesa pré-
existentes nas plantas ou ocorrer a ativacdo de outros mecanismos de resisténcia
(pés-formados) que sao sintetizados e acumulados nos tecidos do hospedeiro
como as proteinas relacionadas a patogénese (proteinas-RP), fitoalexinas, calose,
lignina, papilas, camadas de cortica e tiloses (PASCHOLATI; LEITE, 1995). Quanto
mais rapida e mais completa for essa resposta, maior o nivel de resisténcia da

planta a esse patégeno.

Em cultivares de tomateiro tem sido identificada resisténcia dos tipos
horizontal e vertical a Fol. A resisténcia horizontal ou poligénica é representada
pela tolerancia; o patégeno invade o hospedeiro, produz os sintomas classicos,
mas nao impede a planta de produzir. A resisténcia vertical ou monogénica impede
o crescimento e a reproducdo do patégeno, resultando em um incisivo declinio da
sua populacao, na auséncia de fase saprofitica e de sobrevivéncia na rizosfera de
raizes de hospedeiros assintomaticos (SHEW; SHEW, 1994).

As plantas de tomateiro resistentes ao Fol raga 1, apresentam resisténcia a
doenca controlada por um gene designado gene I-1. Este gene ja era trabalhado por
melhoristas, que permitiu o desenvolvimento de variedades de tomateiro
resistentes a doenca. Estudos verificaram que as plantas de tomateiro que
apresentavam o gene de resisténcia I-1 permitiram o cultivo destas variedades
durante varios anos nos Estados Unidos, até que a raca 2 tornou-se um sério
problema. Com a identificagdo e a introducdo do gene de resisténcia I-2, a doencga
causada pela raga fisiolégica 2 do patégeno deixou de apresentar importancia neste
pais (SOUZA, 2009).

Também foi observada, mediante a utilizacado de um gene marcador, a
expressdo do gene de resisténcia I-2 em tecidos vasculares dos frutos, folhas e

raizes de plantas resistentes. Assim como nos tecidos que circundam os vasos do
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xilema, sugerindo uma correlagcdo entre a atuacdo deste gene e o bloqueio do
crescimento do patégeno no sistema vascular das plantas resistentes a raca 2
(GUTIERREZ, 2004). No Brasil, trabalhos realizados por Reis et al. (2005),
identificaram fontes de resisténcia multipla as trés racas fisiolégicas de F.
oxysporum em acessos das espécies S. habrochaites L., S. chilense L., S. pennellii

L. e S. peruvianum L.

A utilizagao do controle genético de doengas de plantas requer um programa
continuo de criagao e introdugao de novas cultivares, que depende da presencga de
fontes de resisténcia na populagdo hospedeira. Por isso estudos moleculares,
sobre os mecanismos de defesa estao cada vez mais realizados, mas ainda estao

longe da elucidagao desses fendmenos (REIS et al., 2005).

1.4 Protedmica

As avaliagcoes da expressdao génica em nivel do transcriptoma podem
fornecer informagdes importantes sobre a carga genética transcrita de um
organismo em um determinado momento (AMARAL et al, 2008); entretanto, ela nao
reflete diretamente a expressao das proteinas (GYGI et al, 1999). Apés a transcrigao,
podem ocorrer modificagdes poés-transcricionais e pés-traducionais, com alteracao
da conformacgao espacial de proteinas, e que resultam em classes protéicas que
bioquimica e estruturalmente podem desempenhar diferentes fungées metabdlicas
(CHEN; HARMON, 2006).

A proteémica, estudo sistematico em larga escala das proteinas (proteoma)
de um determinado tecido ou organismo, tem o objetivo de fornecer informagoes
detalhadas sobre a estrutura e a fungao dessas proteinas nos diferentes sistemas
biolégicos, permitindo ainda verificar se existe correlagao entre o nivel de
expressdao dos mRNA e das proteinas e a ocorréncia de isoformas génicas (VAN
WIJK, 2001; AEBERSOLD; MANN, 2003).

A dinamica de proteinas em um sistema vivo é influenciada por diversos
fatores internos e externos que determinam modificagbes estruturais e a
conformagao das proteinas. Neste sentido, o estudo e caracterizacao de mapas
protedmicos apresentam-se como uma importante ferramenta complementar aos
estudos de gendomica (DIAS et al., 2007). A andlise protedmica oferece a

oportunidade de examinar simultaneamente alteragcoes e classificar padroes
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temporais de acumulo de proteinas que ocorrem durante o desenvolvimento da
planta, possibilitando a identificacao de proteinas marcadoras dos diferentes
estagios fisiologicos (SILVEIRA et al., 2008). Nos ultimos anos varios estudos tém
enfocado a caracterizacao da dindmica de proteinas ao longo do desenvolvimento
vegetal, associada a caracterizagcdo do genoma e transcriptoma (ROBERTS, 2002;
HEAZLEWOOD; MILLAR, 2003; CHEN; HARMON, 2006; ROSSIGNOL et al., 2006).

Uma das principais técnicas no estudo de proteémica é a eletroforese
bidimensional (2-DE), que consiste na separagao das proteinas sob duas etapas, a
primeira separa as proteinas pelo seu ponto isoelétrico, pH onde as proteinas
possuem carga nula, e a segunda etapa é uma eletroforese em géis de
poliacrilamida, onde as proteinas sdo separadas de acordo com a massa molecular.
Esta técnica foi desenvolvida em 1975 e até hoje constitui um dos melhores
resultados, pois separa as proteinas com uma boa resolugdo que facilita as
analises, além do baixo custo quando comparada com outras técnicas mais
sofisticadas (GORG et al., 2000, CARRET et al, 2006).

Entretanto a eletroforese bidimensional possui suas limitagées, como baixa
sensibilidade de deteccao de proteinas em baixa concentragdao, pouca
representacao das proteinas hidrofébicas e problemas na resolugcdao de spots das
proteinas com massas moleculares e pontos isoelétricos parecidos. Estas
dificuldades estdao sendo cada vez mais superadas, com o aumento do numero de
repeticoes dos géis, analises mais minuciosas uso de faixas de pH mais estreitas e
aplicagcao de protocolos mais especificos para recuperagiao das proteinas com
baixa solubilidade (GORG et al., 2000, SANTONI et al., 2000, GORG et al., 2004).
Além disso, o uso de compostos fluorescéntes em novas tecnologias de 2-DE, que
possibilitam a deteccao de proteinas em baixissima concentragdo e softwares de
analise de imagens dos géis cada vez mais completos proporcionam resultados
que permitem uma melhor abordagem na interpretacido dos dados (PANDEY;
MANN, 2000; PATTERSON; AEBERSOLD, 2003; TANNU; HEMBY, 2006;
VISWANATHAN et al., 2006).

Posteriormente a aquisicdo e andlise das imagens dos géis, parte-se pra
identificagdao das proteinas, que se inicia com a digestdao enzimatica (OLSEN et al.,
2004). Os peptideos sao analisados, fragmentados e analisados em um
espectrometro de massas, gerando espectros do tipo MS/MS (espectrometria de

massas em tandem), os quais sao utilizados nas buscas em bancos de dados. Os
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programas utilizados na busca de dados baseiam-se na comparagao entre o padrao
de fragmentacdo tedérico de uma proteina e o espectro de fragmentagcao obtido
experimentalmente. A estratégia de identificagido por MS/MS, que permite a
determinagcao experimental de aminoacidos, é mais precisa do que a identificagao
de proteinas baseada somente na comparagao entre as massas dos fragmentos
tripticos, chamada de “peptide mass figerprinting” (PMF) (CHEN; HARMON, 2006).
Alternativamente, os espectros do tipo MS/MS também permitem buscas por
similaridade de sequéncias entre organismos préximos, através da reconstrugao da
sequéncia de aminoacidos manual ou automaticamente. Essa estratégia é muito
interessante quando o organismo estudado possui baixa representatividade nos

bancos de dados (CHEN; HARMON, 2006).

Com isso, a protedmica tem sido usada no estudo de varios organismos com
diversos propodsitos, como analise do perfil protéico para correlagao filogenética,
resposta a diversas condigoes fisiolégicas, doencas, estudo das proteinas de
membrana para resolugao das interagdes proteina-proteina, estudo de isoformas,
deteccdo de modificagcoes pods-traducionais, protedma mitocondrial e nuclear
(LIEBLER, 2002).

Nas plantas ainda se tem estudado as rotas metabdlicas da fotossintese,
funcionamento dos cloroplastos, a identificagdo das proteinas da parede celular e
suas comunicagoes, principalmente durante infecgoes e outros tipos de estresses,
as proteinas do xilema e floema, a seiva e seus constituintes e interagbes, como
noédulos e micorrizas (PARK, 2004).

Apesar da importancia da murcha de fusario na produgao do tomate pouco se
sabe sobre as proteinas envolvidas nos mecanismos moleculares de combate e
prevengdao a doeng¢a que possam contribuir para o melhoramento genético das
variedades de importidncia econémica. Sendo assim sdo necessarios estudos
protedmicos da interagao tomate — fusario, visando identificagao de genes chave na

defesa contra a doenca.
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2. OBJETIVOS
2.1 Objetivo geral

Identificar proteinas envolvidas nos mecanismos de resisténcia do tomateiro
ao F. oxysporum f. sp. lycopersici (Fol), visando confirmar a participacao de genes

candidatos ao melhoramento genético.

2.2 Objetivos especificos

e Analisar o perfil de proteinas totais secretadas pelo tomateiro resistente

BHRS frente a inoculagdao com Fol,

¢ ldentificar proteinas envolvidas na defesa do tomateiro contra Fol o

fitopatégeno por espectrometria de massas.
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Abstract

The fusarium wilt caused by Fusarium oxysporum f. sp. lycopersici (Fol) is one of
the main diseases affecting tomatoes. The BHRS genotype is resistant to this
disease and therefore, it was used in this study. Proteomic approach was used to
understand the defense mechanisms of BHRS using the tomato root, the first tissue
that interacts with the fungus, as a target. Proteins were extracted and separated by
two dimensional electrophoresis followed by staining with coomassie blue. Protein
identification was performed by MALDI-TOF/TOF type mass spectrometry. A total of
22 proteins were identified, 21 of which showed differential expression: 12 up
regulated and nine down regulated. Plants responded to pathogen with increased
expression of pathogenicity-related proteins. We noted the induction of proteins
present in the hypersensitivity reaction and other defense mechanisms. There was a
decreased expression of primary metabolism proteins related to energy production;
however, there was also decreased expression of two proteins related to defense
against abiotic stress. These results demonstrate the presence of important

mechanisms in the defense of tomato genotype BHRS against Fol.

Keywords: Solanum Iycopersicum; Fusarium oxysporum f. sp. Lycopersic;,

proteomics; differential expression
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Introduction

The fusarium wilt, caused by the soil fungus Fusaruim oxysporum f. sp.
lycopersici (Fol) is one of the most aggressive diseases affecting the tomato crop.
The disease causes great damage, especially in sensitive cultivars and
environments where the air and soil temperature are high, as in tropical countries,
during the warm seasons (Agrios 2005). The classical strategies, such as use of
fungicides and crop rotation were not efficient due to the spores of resistance that
remain viable for several years, and to the residues impact on human health.
Breeding contribute to the emergence of more aggressive new breeds of pathogen.
Therefore, it is necessary to develop new and efficient control strategies and that
will not compromise the environmental safety (Mandal et al. 2009). Resistant
cultivars developed by gene transfer appear as one of the most promising options
to combat the disease being currently studied. However, resistance to diseases
involves a complex mechanism of virulence recognition determinants by plant
receptors, followed by specific pathways of signal transduction until the production
and release of reactive oxygen species, phyitolalexins pathogenicity-related
proteins (PR), in addition to programmed cell death (Torres et al. 2006). Studies on
inductors show that resistance to Fol may be related to salicylic acid and jasmonic
acid (Mandal et al. 2009; Afroz et al. 2009). There are also studies that have
identified candidates of rhizosphere to the control of pathogenic fungi, including
Fusarium spp. and fungal proteins are related to the pathogenicity have been
identified (Escobosa et al. 2011; Pastor et al. 2012; ados-Rosales et al. 2009;
Shanmugam et al. 2011). However, little is known about molecular relationships of
metabolic pathways such as recognition, signaling and plant response, in addition
to components not directly related to infection.

The root is the first site to detect and fight soil fungi infections such as Fol.
Consequently, understanding the molecular mechanisms happening in this tissue is
necessary to improve the resistance to the pathogen. Differential proteomics,
whose essence is to find proteins with different expression levels among different
samples caused by a specific factor, is an important part of global proteomic
studies. An overview of protein expression can be obtained at high resolution by
separating proteins by dimensional (2-DE) electrophoresis combined with peptide
identification via tandem mass spectrometry (MS/MS) (Manaa et al. 2011; Que et al.

2011). This proteomic approach has become a powerful tool for studying plant
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development in general and its use has been significantly increased over the study
of various stresses, either biotic or abiotic origin (Faurobert et al. 2007).

This study aims to analyze the profile of proteins secreted by BHRS tomato
cultivar, known by its resistance to Fol, in order to identify those with differential
expression using the 2-DE proteomic technologies associated with MALDI-TOF-
TOF/MS (Matrix Assisted Laser Desorption lonization, tandem Time of Flight Mass

Spectrometer), which are associated with the defense to the fungus.

Materials and methods

Tomato line and Fusarium oxysporum isolate

The tomato genotype BHRS (resistant to fusarium wilt), from vegetable
improvement program of the Agronomic Institute of Pernambuco (IPA) was
employed in the experiment. The race 2 isolate of Fusarium oxysporum f. sp.
lycopersici was obtained from the mycology collection of the department of

phytopathology from Universidade Federal Rural de Pernambuco, Brazil.

Experiment design

Seeds were sown in Styrofoam trays with 128 cells, filled with sterile
substrate. When the plants had the first two pairs of true leaves fully open (about 21
days after planting), they were removed from the cells with a gentle water jet to
preserve root integrity. The root system apical sector (about 2 cm) was removed
and then dipped for 20 minutes in a spore suspension adjusted to approximately 2 x
106 conidia/ml, produced in potato dextrose broth for seven days at 28°C, under
continue light. A group of plants was mock-inoculated with water and used as
control. After inoculation, the plantlets were transplanted to 1,5 kg plastic pots
containing sterile soil and maintained in the same greenhouse. The experimental
plots were made of three pots with four plants each, in a randomized block design.

Plants were collected in 1, 2, 4 and 6 days after inoculation and stored at -80°C.

Protein extraction

Roots (1000 mg) were grounded with ice-cold extraction buffer [8 M urea, 4%
CHAPS, 10 mM phenylmethylsulfonylfluoride (PMSF), 7 mM dithiothreitol (DTT)] in
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ice. Supernatant was collected by centrifugation at 20,000g at 4 °C for 20 min. The
pellet was resuspended in the extraction buffer for repeated extraction, and then
centrifuged at 20,000g at 4 °C for 20 min for collection of supernatant. Proteins in
the combined supernatant were precipitated with five volumes of ice-cold
trichloroacetic acid—acetone (10% trichloroacetic acid in 100% acetone) at -20 °C for
6 h and then collected by centrifugation at 20,000g for 20 min. The pelleted proteins
were washed first with 80% cold acetone containing 0.2% DTT, then with cold
acetone containing 0.2% DTT and finally vacuum dried as described in Dai et al.,
2007. The obtained proteins were dissolved in a lysis buffer (8 M urea, 4% CHAPS, 7
mM DTT, and 2% pharmalyte 4-7) at room temperature. After the removal of debris
by centrifugation at 20,000g for 20 min, proteins were quantified according to the
Bradford method (Bradford 1976) by UV-2000 UV-visible spectrophotometry
(UNICO). Bovine serum albumin (BSA) was used as a protein concentration
standard in this study. The final proteins underwent two-dimensional gel

electrophoresis immediately or were stored in aliquots at -80 °C.

Two-dimensional electrophoresis (2-DE) and image analysis

We mixed 600 pg protein samples in 250 yL of rehydration buffer that
contained 8 M urea, 2% w/v CHAPS, 20 mM DTT, 0.5% IPG buffer (GE Healthcare,
Piscataway, NJ, USA), and 0.002% bromphenol blue and loaded the samples onto
IPG strips (13 cm with a linear range of IPG pH 4-7, GE Healthcare, Piscataway, NJ,
USA) after a brief sonication and centrifugation. Isoelectric focusing was performed
in the Ettan IPGphor isoelectric focusing system following the manufacturer
protocol. Before running the second dimensional electrophoresis, the IPG strips
were equilibrated for 15 min first in fresh buffer [6 M urea, 30% (w/v) glycerol, 2%
(w/v) SDS, 100 mM Tris-HCI, pH 8.8] with the addition of 100 mM DTT and
subsequently for 15 min in fresh buffer supplemented with 0.25 M iodoacetamide.
The equilibrated IPG strips were transferred onto 12.5% SDS acrylamide gels by use
of an Ettan SE 600 Ruby Electrophoresis Unit (GE Healthcare, Piscataway, NJ, USA).
The proteins on gels were visualized by staining with Coomassie Brilliant Blue dye
(CBBR250) (Candiano et al. 2004). Images of CBB-stained gels were acquired at 300
dpi scanning resolution and 16-bit pixel depth, then analyzed with ImageMaster 2D
Platinum 6.0 (GE Healthcare, Piscataway, NJ, USA) software according to protocols

provided by the manufacturer. The amount of each spot was normalized by total
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valid spot intensity. Protein spots were considered differentially expressed if the

intensity changed more than two times in different stages.

Protein analysis by MALDI-TOF/TOF MS

In-gel digestion of proteins was performed as described by Shevchenko et al
(2007), with minor modifications. Trypsin was used at a concentration of 25 ng/uL
and the In-gel reduction and alkylation step was omitted.

Peptides were dissolved in 10 pL of 0.1% TFA. A saturated solution of alpha-
cyano-4-hydroxycinnamic acid, CHCA (4 mg/mL) in 50% ACN and 0.3% TFA was
mixed with equal amount of sample and spotted in Anchor Chip 800/384 target plate
(Bruker Daltonic GmbH) and dried in laminar airflow for recrystallization. For MS
calibration 0.5 pL of peptide calibration standard (Bruker Daltonik GmbH) were
spotted on the target with 0.8 pL of CHCA matrix and recrystallized too. Samples
were analyzed in a MALDI time of flight/time of flight (TOF/TOF) mass spectrometer
(Ultraflex, Bruker Daltonics) in reflectron mode. Peptides with a signal-to-noise ratio
above 100 were MS/MS analyzed by using the LIFT technology that is embedded in
the Ultraflex MS; on average, ten MS/MS spectra were measured for each protein
digest leading to 2-10 identified peptides. Data processing was realized using the

flex analysis and biotools software packages (Bruker Daltonik).

MS data analysis

Data analysis was performed using BioTools 3.0 software and MASCOT
search engine (Matrix Sciences, UK). Searches were performed using the following
parameters: mass tolerance was set to 0.7 Da for fragment ions. Trypsin was set as
proteolytic enzyme with 2 allowed missed cleavages. Charge state 1+, was used.
Carbamidomethylation of cysteine residues was used as fixed modification and
oxidation of methionine residues was set as variable modification.

MSDB, swissprot and NCBInr databases were used to identify tomato proteins
either with an in house MASCOT server or online available MASCOT server (Matrix
Science, UK). Proteins were both identified and denominated if at least two peptides
were identified with a MASCOT peptide ion score higher than 25. The threshold of
25 for the peptide ion score was obtained searching a reverse data base (MSDB)

with all generated MS/MS spectra. All hits obtained from this reverse database
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search showed peptide ion scores significantly below 25. Additionally, if high
peptide ion scores (>46) were obtained for single peptides and a y-ion series of
nearly all ions was obtained, the corresponding proteins were termed identified
even if only one peptide was found for the protein. The databases used in house
were released in August 2006 (MSDB), in October 2007 (NCBInr) and May 2009
(Uniprot/Swissprot, release 15.2). The same database releases were used at Matrix

Science.

Results
Protein Analysis

Collection times were chosen based on previous experiments (unpublished
data). About 1400-1800 pg of protein were obtained from 1 g root tissue of
treatments. The resolution of approximately 600 pg of protein loaded on each gel
showed an average of 450-550 with pl ranging between 4 and 7 and the molecular
mass ranging between 90 and 10 kDa (Figure 1). The 2-DE comparative analysis was
carried out among treatments. The differentially expressed proteins were identified
via MALDI TOF/TOF (MS/MS) tandem mass spectrometry, which achieved 65% (22 of

34 spots) of successful identifications.

Protein regulation in the tomato root

The plant protein reactions to the pathogen invasion were evaluated
comparing gels in triplicate both before and after inoculation with the pathogen,
revealing 21 differentially expressed spots (Figure 2). Of the proteins identified 11
had their expression increased. Ten proteins had their expression decreased.
Calreticulin was identified as with no differential expression, but high concentration
(Table 1).

Of the proteins identified with increased expression, two have unknown
function. Of those with known function, one is related to primary metabolism, seven
to defense to stresses and one to signaling. Regarding proteins with decreased
expression, five are related to primary metabolism, one to abiotic stress, one to
recovery on oxidative stress and two have no known function. The protein with no

differential expression is associated with both primary metabolism and defense.
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Discussion

Several strategies are developed by plants to perceive and resist stresses
induced by pathogens (Kundu et al. 2011). The genotype of BHRS tomato has no
relevant agronomic characteristics; however, it is resistant to diseases such as
Fusarium, unlike other genotypes of economic importance. Therefore, studies on
defense mechanisms that confer characteristic resistance to this genotype are
important when aiming at breeding. The root is the first tissue to interact with the
Fusarium; therefore, it was used in this study in order to identify proteins involved
in the defense against this phytopathogen. The tomato root’s proteome has already
been discussed in previous studies (Keeler et al. 2007, Li et al. 2008), but not under

the influence of fungal infection.

Expression of defense mechanisms

There was increase of plant defense related proteins after infection with the
pathogen. There was increased expression of chitinase (PR-3), PR-5 protein, LeMir
(Lycopercicon esculentum miraculin), nucleoside diphosphate kinase (NDPK), RNA
binding protein rich in glycine (GRP), superoxide dismutase [Cu-Zn] and actin.
When plants are challenged by pathogens, usually there is increase in the
expression of pathogenesis-related proteins (PR), in addition to plant fortification,
among other responses.

The PR proteins (spots 12 and 13) are normally present in plants constitution
at low concentration, but their expression is increased under pathogens attack or
abiotic stress (Dahal et al. 2009). Plant chitinases, whose are mostly endochitinases,
are described as participating in protection, due to their degradation potential of
fungal cell wall, thus limiting the invasion and growth of pathogen into the host
(Ahmed et al. 2011). The PR-5 proteins, also known as Thaumatin-like protein
due to the similarity with this protein, have been described as participating in the
defense against many pathogens and other abiotic stress (Ren et al. 2011).
Although the action mechanisms of this protein group has not yet been elucidated,
its performance has been described in fighting fungal infections, for example,
inhibition of spore germination and mycelium growth (Tachi et al. 2009). The
induction of PR proteins is considered an activation marker of plant’s basal defense
(Dahal et al. 2009).



SILVA, T.D. Analise do perfil protéico em raiz de tomateiro... 41

The hypersensitive reaction (HR) is one of the most efficient forms of plant
defense against pathogens (Karrer et al. 1998). Miraculins (spots 16 and 17) are
proteins known to alter the taste perception in humans and, due to similarity, the
protein was named LeMir (Brenner et al. 1998). However, according to the
databases, LeMir has a greater similarity to tumor inducing proteins from the
tobacco plant. In addition, LeMir and its two homologous present in soybeans are
related to the family of protease inhibitors based on the sequences, although this
activity has yet to be confirmed (Brenner et al. 1998). This protein is secreted and
concentrated in the root in response to infestation by nematodes, suggesting its
involvement in plant defense against these organisms (Brenner et al. 1998).
Moreover, overexpression of this protein was observed in lesions caused by
hypersensitive response in tobacco and tomato plants, demonstrating that LeMir
plays an important role in regulating a variety of RH types (Karrer et al. 1998, Xu et
al. 2012).

Another RH mechanism is releasing of reactive oxygen species (ROS) (Souza
et al. 2011). Some ROS such as H;0,, were confirmed as large signaling molecules,
promoting greater tolerance of plants to pathogens (Kim et al. 2007). The enzyme
superoxide dismutase (SOD), spot 19, is one of those responsible for the
antioxidative response, transforming superoxide into hydrogen peroxide (Madanala
et al. 2011). The use of SOD to control the ROS concentration in the cell is a strategy
to activate signaling of defense pathways such as those of mitogen-activated
kinases proteins (MAPKs), which seems to be central in cellular response to
multiple stresses (Apel Hirt . 2004).

Actin (spot 22) is an essential component in all living beings, responsible for
the cytoskeleton formation in several cells of organisms (Franklin-Yong; Gourlay
2008). In plants, the actin cytoskeleton is also used as a sensor for stress
monitoring and is involved with part of the mechanisms that trigger the HR and
programmed cell death (PCD). The actin filaments are reorganized, adding up and
lining up near the infection site, thus allowing isolation of the area where there is
MCP (Franklin-Tong, 2008 Gourlay, Chang et al. 2011). There is still evidence of the
actin-ROS interaction during the HR; however, that fact has not been proven yet
(Franklin-Tong, Gourlay, 2008). Thus, increased expression of two LeMir isoforms
against the Fol infection and increased expression of an enzyme related to ROS and
actin, all these related to RH and MCP, are indicative of the BHRS genotype

resistance to this disease.
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NDPK (spot 21) is a protein responsible for cellular organization, regulating
the nucleotides groups in the cells (Kihara et al. 2011). However, it has been
described as involved in signal transduction in plants. In potatoes, NDPK was
associated with increased tolerance to multiple stresses (Tang et al. 2008). In rice,
there as increased NDPK1 expression in response to infection by the pathogen
Xanthomonas oryzae pv. oryzae, in addition to elicitors, such as salicylic acid and
jasmonic acid, showing a defense role of NDPK against microorganisms (Cho et al.
2004).

GRP (spots 14 and 15) are involved in various pathways, having structural
function, providing elasticity to the cell wall, but also involved in post-
transcriptional regulation of genes being found in response to stress (Mousavi;
Hotta 2005, Wang et al. 2012). The increased GRP expression has been reported in
response to salt stress, cold, heat, injury, and viral and fungal infections (Sachetto-
Martins et al. 2000; Kwak et al. 2005). However, their mechanisms of action have not
been fully elucidated (Wang et al. 2012). The presence of two isoforms of this
protein with increased expression in response to Fol corroborates the results of

these studies, suggesting GRP acting as a plant defense.

Proteins associated with metabolism and regulation

There was decrease in some proteins associated with the primary metabolism
in response to the fungus (spots 1, 5, 8 and 9). ATP synthase is a key protein
responsible for energy production (Rexroth et al. 2012). The ROS production
resulting from infection directly affects this enzyme efficiency due to oxidation of
tryptophan residues, resulting in degradation of these enzymes oxidized by specific
proteases (Rexroth et al. 2012). The decreased expression of proteins as matalo
dehydrogenase and triose phosphate isomerase, both linked to energy cycles
(Buono et al. 2009; Sukalovic et al. 2011) is related to resource reduction for the
fungus in order to limit its development.

Calreticulin is a protein that participates in both the regulation of plant
development and protection against abiotic and biotic stresses (An et al. 2011). It
was described as participant in the regulation of root regeneration in Brassica (Jin
et al. 2005). It was also induced by water stresses in tobacco (Jia et al. 2008), saline
stress in Arabidopsis (Persson et al. 2003) and related to cold in rice (Li et al. 2003).

With respect to biotic stresses, Calreticulines were found to play a defense role
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against viruses (Chen et al. In 2005, Shen et al. 2010). Thus, the presence of this
protein in BHRS genotype, even without increased expression, shows its role in
different routes, in which it can interact.

However, some proteins related to stress defense had their expression
decreased (spots 2, 3 and 4). Glutathione S-transferase (GST) protein is responsible
for maintaining the plant’s redox state; it combines electrophilic xenobiotics with
glutathione thus reducing the toxicity (Sytykiewicz 2011). Another defense-related
protein that also had decreased expression facing Fol was the protein by heat
shock resistance class | (HSP). This group acts as chaperones, linking other
proteins, stabilizing unstable structures and facilitating the modeling of inactive
proteins. They are expressed rapidly and abundantly in face of various stresses
(Bondino et al 2009). Decreased expression of HSP and GST proteins during
infection is an unusual event. However, the decrease of GST may be related to the
fact that during the hypersensitivity reaction there being a need for some ROS being

present in the tissue, but this fact needs proof.

Conclusion

The results of this study showed some proteome modifications of genotype
BHRS upon the challenge by the fungus Fol, contributing to the understanding of
plant-pathogen interaction. The differential expression of proteins related to
defense or stress and primary metabolism in response to pathogen supports its
fundamental role in the composition of the plant defense mechanism. However,
further studies are needed to find other mechanisms and identify the beginning of

routes, such as perception and signaling.
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Fig. 1 Overview of the proteome of tomato roots infected with Fusarium
oxysporum f. sp. lycopersici separated by two-dimensional electrophoresis. The
resolution of 2-D proteome with IEF / SDS-PAGE and pl 4-7 linear 220-10 kDa
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Fig. 2 “Zoom in” of the areas of the 2-D gels showing spots of proteins differentially
expressed. The panels show the spots of the plant healthy, B show the spots of plants
inoculated with F. oxysporum. The spot's numbers are according to the numbers used in

Table 1
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TABLE
Table 1 List of root proteins that are differentially regulated in the BHRS tomato

genotype after challenge with F. oxysporum.
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Spot Identityb Organism°® Accession® Score® pIf mr' Regulation®
ATP synthase D chain, Solanum
1 mitochondrial, putative demissum gi|48209968 48 6.63 19.37 down
glutathione S-transferase, Solanum
2 class-phi commersonii gi|2290782 58 5.81 238 down
glutathione S-transferase, Solanum
3 class-phi commersonii gi|2290782 58 5.81 2338 down
17.8 kDa class | heat Solanum
4 shock protein lycopersicum gi|232273 154 5.84 17.75 down
triose phosphate
isomerase cytosolic Solanum
5 isoform chacoense gi|38112662 93 5.73 27.25 down
Arabidopsis
6 putative protein thaliana gi|3269288 97 6.3 22.35 down
uncharacterized protein
7 At5g39570 Vitis vinifera gi|225452887 67 4.71 43.01 down
ATP synthase subunit
beta, mitochondrial; Nicotiana
8 Flags: Precursor plumbaginifolia gi|114421 62 595 59.93 down
mitochondrial malate Solanum
9 dehydrogenase lycopersicum  gi|350536645 83 8.87 36.35 down
Arabidopsis
10 calreticulin thaliana gi|1009712 7 4.37 46.7 —
Micromonas sp.
1 predicted protein RCC299 gi|255084065 74 9.26 33.04 up
Solanum
12 endochitinase chilense gi|767827 95 6.21 27.53 up
pathogenesis-related Solanum
13 protein (PR-5 protein) lycopersicum gi|7414370 43 5.76 27.52 up
RNA-binding glycine-rich Nicotiana
14 protein-1a sylvestris gi|469070 58 5.58 15.6 up
Solanum
15 glycine-rich protein lycopersicum gi|19322 146 998 7.3 up
Solanum
16 Lemir lycopersicum gi|2654440 77 4.83 23.27 up
Solanum
17 Lemir lycopersicum gi|2654440 77 484 23.28 up
18  40S ribosomal protein S12 Hordeum vulgare g¢i|12229949 105 5.35 15.62 up
Superoxide dismutase Solanum
19 [Cu-Zn] lycopersicum  @i|350537277 89 583 154 up
20 unknown Glycine max gi|255638991 62 7.51 36.38 up
nucleoside diphosphate Solanum
21 kinase lycopersicum  gi|350535074 135 7.04 15.07 up
Solanum
22 Actin tuberosum gi|3219759 40.7 5.38 41.9 up

a Number allocated according to the numbers used in Figure
b Identification of protein anonotated by mass spectrometry
¢ Plant species from which protein was annotated
d Access number to the database (nrNCBI)
e MASCOT score
f Theoretical Molecular weight and isoelectric point computed from the calculation
tool Mr/pl from ExPASy
g Note of the regulation type suffered by the protein



