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PREFACIO

Os resultados obtidos durante o desenvolvimento deste trabalho de tese serfio
apresentados na forma de artigos cientificos. O principal artigo deste trabalho, intitulado A new
member of the aldo-keto redutase family from the plant pathogen Xylella fastidiosa™, publicado
na revista Archives of Biochemistry and Biophysics 453 (2006) 143-150, descreve a
caracterizagfio enzimatica e estrutural a baixa resolugfio da proteina codificada pela ORF XF1729
de X fasridiosa.

Como resultados complementares, apresentamos os estudos de expresso ¢ purificagfo
das proteinas codificadas pelas ORFs XF1332 e XF1934 envolvidas na paiogenicidade de X
Jastidiosa, além dos ensaios cristalograficos realizados para a proteina XF1729.

Em anexo, podem ser verificados dois trabalhos realizados por nosso grupo de pesquisa,
caracterizando duas outras protefnas de X fastidiosa. O primeire artigo, “Expression and
purification of a small heat shock protein from the plant pathogen Xylella fastidiosa” publicado
na revista Protein Expression & Purification 33 (2004) 297-303, apresenta os estudos de
expressdio, purificacfio ¢ caracterizagio da atividade de uma nova chaperonina, HSP17.9. O
segundo artigo, “Cloning, expression and purification of the virulence protein D from Xylella
Jastidiosa” também publicado na revista Protein Expression & Purification 37 (2004) 320-326,
descreve os estudos de expressdo, purificagBio e caracterizacho da estrutura secundaria da
proteina VapD, a qual estd relacionada & viruléncia de diversos patogenos e, no entanto, sua
funglo permanece desconhecida.

Gostariamos ainda de mencionar a participagiio no curso “Biopolymer in materials and
Life Sciences” realizado na Universidade de Potsdam, Alemanha, no periodo de 11 a 29 de

setembro de 2006. O contetido do curso, além de fazer parte do escopo do tema da tese,

xii



enriqueceu consideravelmente minha formaciio na drea de bioquimica de proteinas. Durante o
curso, indmeros topicos referentes & produgfio ¢ & purificagdo de proteinas foram abordados

permitindo um aprofundamento no assunto.
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RESUMO

O programa de seqlenciamento gendmico da bactéria Xylella fustidiosa gerou um enorme
numero de ORFs ("Open Reading Frames" — quadro de leitura aberto ou genes putativos)
pertencentes as categorias de patogenicidade, viruléncia e adaptagfo deste importanie
fitopatégeno. Uma destas ORFs (XF1729) foi anotada como sendo uma fenilacetaldeido
desidrogenase de 31,4 kDa. No entanto, a andlise de sua seqiidneia primaria de aminoécidos
revelou similaridades com proteinas pertencentes 4 superfamilia de aldo-ceto redutases. As
proteinas  desta superfamilia sfo oxidorredutases NADPH-dependentes relacionadas
funcionalmente e estruturalmente, Neste trabatho, a sequéneia similar de X fastidiosa foi
clonada no vetor de expressdo pET32Xa/LIC com o objetive de super expressar a profeina
recombinante fusionada a seis residuos de histidina em Escherichio coli BL21(DE3). A proteina
expressa na fragfio soluyvel foi purificada por cromatografia de afinidade em metal imobilizade
(resina  Agarose-IDA-Ni). O conteddo de sua estrutura secundaria foi verificado por
espectroscopia de dicroismo circular. As medidas de espalhamento de raios-X a baixo angulo
(SAXS) forneceram os pardmetros estruturais gerais (raio de giro de 27,5 = 0,8 A ¢ méxima
dimensgo de 90 A) e indicaram que a proteina apresenta-se como wm mondMEro em sofugdo.
Além disto, os calculos estruturais @b initio mostraram que a proteina apresenta algumas
similaridades com uma aldo-ceto redutase previamente cristalizada. A proteina XF1729
purificada foi capaz de catalisar a redugfio dos substratos DL-gliceraldeido (Kex 2.26 s, Km
8.20 = 0.98 mM) e 2-nitrobenzaldeido (Ko 11.74 57, Km 0.14 + 0.04 mM) na presenca de
NADPH. A seqiincia de aminodcidos da proteina XF1729 apresentou mais alta identidade
(maior que 40%) com inumeras proteinas de fungio desconhecida. Entre as AKRs identificadas,

encontramos aproximadamente 29% de identidade com YakC (AKR13) de Schizosaccharomyces

Xiv




pombe, 30% e 28% com AKRI11A e AKR1IB, ambas de Bacillus subtilis, respectivamente. Os
resultados estabeleceram a proteina XF1729 como um novo membro da superfamilia das AKRs,
da nova sub-familia AKRI3Bl. Finalmente, os experimentos de caracterizagio por
cromatografia de gel filtragfio indicaram que a proteina apresenta uma forma alongada, gerando
um peso molecular aparente maior que o esperado.

Além da proteina AKR13B1, selecionamos mais duas proteinas codificadas pelas ORFs
XF1934 & XF1532 para estudos de estrutura e fungfio, A proteina Hetl (XF1934), de 22,4 kDa,
apresera similaridade proteinas da familia phosphopantetheiny] transferase, sendo necessaria 4
sintese de 4cido graxo via acetato na bactéria. A proteina XF1532, de 36,8 kDa, ¢ similar a
reguladores transcricionais de extresse oxidativo, sendo sua seqiiéncia similar (44%) a proteina
OxyR de Escherichia coli, a qual pertence 3 familia LysR de reguladores transcricionais. As duas
ORFs foram clonadas e expressas em Escherichia coli, no entanto nfio foi possivel obter a
proteina na fragfio solivel, impossibilitando o seguimento dos estudos de caracterizagfio
estrutural ¢ funcional. A descrigiio da metodologia utilizada para produgfio destas proteinas ¢ os
resultados preliminares obtidos estdo descritos no item Resultados Complementares desta tese.

Um amplo beneficio no conhecimento dos mecanismos de patogenicidade da X
Jastidiosa tem sido esperado, desde o seqiienciamento completo de seu genoma. Neste sentido,
passos iniciais foram dados no sentido de se caracterizar a fungfio das proteinas codificadas por

SEUS genes.
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ABSTRACT

The Xylella fastidiosa genome program generated a large number of gene sequences that
belong to pathogenicity, virulence and adaptation categories from this important plant pathogen.
One of these genes (XF1729) was described in the genome annotation as being a
phenyiacetaldehyde dehydrogenase. However, the XF1729 primary sequence analysis showed
similarities to Aldo-keto reductase superfamily proteins. The AKRs are NADPH-dependent
oxidoreductases structurally and functionally related. In this work, the similar sequence XF1729
from Xylella fastidiosa was cloned onto the pET32Xa/LIC vector in order to over-express a
recombinant His-Tag fusion protein in E. coli BL21{DE3). The expressed protein in the soluble
fraction was purified by immobilized metal affinity chromatography (agarose-IDA-Ni resin).
Secondary structure contents were verified by circular dichroism spectroscopy. Small-Angle X-
Ray Scattering (SAXS) measurements furmnish general structural parameters (the particle radius
of gyration of 27.540.8A and the particle maximum dimension of ~90A) and provide a strong
indication that the protein has a monomeric form in solution. Also, ab initio calculations show
that the protein has some similarities with a previously crystallized aldo-keto reductase protein.
The recombinant XF1729 purified to homogeneity catalyzed the reduction of DL-glyceraldehyde
(Kcat 2.26 5, Km 8.20 + 0.98 mM) and 2-nitrobenzaldehyde (Keat 11.74 57, Km 0.14 £ 0.04
mM) in the presence of NADPH The amino acid sequence deduced from XF1729 showed the
highest identity (40% or higher) with several functionally unknown proteins. Among the
identified AKRs, we found approximately 29% of identity with YakC (AKRI13) from
Schizosaccharomyces pombe, 30% and 28% with AKR11A and AKR11B, both from Bacillus
subtilis, respectively. The resulis establish XF1729 as the new member of AKR family,

AKRI3BI. Finally, the first characterization by gel filtration chromatography assays indicates



that the protein has an elongated shape, which generates an apparent higher molecular weight.
Since Xylella fastidiosa 9aS5c¢ strain (associated with CVC) is the first plant pathogen to be fully
sequenced, a large benefit for the whole field of disease research can be expected. An initial step

has been taken towards the characterization the protein function encoded by its genes.
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Introducdo

1. INTRODUCAO

A bactéria Xvlella fastidiosa € o agente causador de diversas doengas em plantas. No
Brasil € responsdvel pela doenca denominada Clorose Variegada dos Citros (CVC) (Lee ef o,
1991), a qual prejudica uma das culturas mais importantes economicamente em nosso pais, a da
laranya. Tendo em vista o enorme prejuizo causado pela CVC 4 citricultura brasileira ¢, com o
intuito de capacitar ¢ qualificar pesquisadores brasileiros, foi criada pela FAPESP em 1997 a
Orgamizag@o para Sequenciamento ¢ Analise de Nucleotideos (ONSA), uma rede de laboratorios
responsavel pelo seqiienciamento completo do genoma da X, fastidiosa. Sendo o primeiro
fitopatdgeno a ter seu genoma completamente seqienciado (Simpson et al., 2000), tornou-se
aivo da genOmica funcional ¢ estrutural na busca pela compreensfio de seu mecanismo de
infeccdo e adaptagio nos hospedeiros, através da caracterizaciio das proteinas codificadas pelos
seus genes,

A estrutura ¢ func¢io de uma proteina estdo intimamente correlacionadas. O conhecimento
da estrutura protéica é uma valiosa informacdo para a determinagiio tanto da fungdo protéica,
quanto da relagfio existente entre ambas. Deste conceito deriva a grande importincia dos estudos
para a determinagfio da estrutura tridimensional de proteinas. No entanto, sabe-se que apenas o
corthecimento estrutural é insuficiente para deduzir a funglio global da proteina de interesse na
célula, fazendo-se necessario combinar estudos bioquimicos (in vitro) e celulares (in vive) com
informagBes estruturais para completar a compreensdo global do mecanismo celular protéico
(Chothia & Lesk, 1986).

Para se caracterizar a esfrutura de uma proteina ao nivel atdmico, ha dois métodos
complementares — a Cristalografia de raios-X e a Fspectroscopia de Ressondncia Magnética

Nuclear (RMN), além do Espalhamento de raios-X a baixo ngulo (SAXS) que permite o
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conhecimento da estrutura tridimensional protéica a baixa resolugfo. Porém, ao contrério dos
outros projetos genoma, em que as informagfes sdo geradas em alta velocidade e preciséo, o
genoma estrutural ¢ muito mais minucioso e laborioso. Para se chegar & resolugfio da estrutura
tridimensional de uma proteina faz-se necessario atravessar ndmeros gargalos durante o
percurso, que vdo desde a clonagem do gene alvo até propriamente a resolugfio da estrutura
tridimensional da proteina codificada.

Neste contexto, baseando-se nos dados gerados pelo segienciamento genbmico da X
Jastidiosa (linhagem 9a5c) ¢ na predigio da fungfio dada por similaridade a outros genes
conhecidos, nosso grupo de pesquisa selecionou um conjunto de genes potencialmente
envolvidos no processo de patogenicidade desta bactéria e, dentre elas a ORF XF1729, objeto de
estudo desta tese de doutorado. O grupo de pesquisa vinculado ao programa da Rede de Biologia
Molecular Estrutural da FAPESP (SMOLBnet) tinha por objetivo o estudo estrutural e funcional
de tais proteinas. Desde o inicio do projeto muito dos objetivos propostos foram alcangados. Um
taboratério para produgdo e purificagdo das proteinas recombinantes destinadas aos estudos de
caracterizagio estrutural e funcional foi implantado, permitindo aos componentes do grupo o
desenvolvimento deste tipo de estudo com seguranca e velocidade. Além disso, o grupo
apresentou um continuo ¢ progressivo avango tendo estabelecido os protocolos de obtengdo de
quatro proteinas de Xylella fastidiosq destinadas a ensaios estruturais e funcionais, como
devidamente descrito nos trabalhos publicados {Paula et al., 2004; Azzoni ez al., 2004, Catani et
al., 2004, Rosselli ez al., 2006).

A ORF XF1729 selecionada para estudo codifica uma protefna de 291 residuos de
aminoéacidos, com um peso molecular predito de 31.4kDa ¢ um pI tedrico de 4.99. De acordo
com a anotag@io genbmica, o produto deste gene codifica uma fenilacetaldeido desidrogenase

pertencente a categoria de produgfio de toxina e detoxificagio (classificacdio atribuida na
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anotag8o do projeto genoma da Xylella fastidiosa). No entanto, o alinhamento comparative de
sua seqiiéncia de aminodcidos revelou alta similaridade a oxidorredutases encontradas em
diversas espécies. Além disso, o alinhamento também revelou a presenca de um dominio cornum
com as proteinas pertencentes a superfamilia das aldo-ceto redutases (4KR superfamily). Diante
destas informag@es, iniciou-se o trabatho de caracterizaciio desta ORF.

Apesar do grande nimero de informag@es geradas pelo seqiienciamento completo de seu
genoma, as proteinas de X fastidiosa sBo pobremente caracterizadas através de estudos
bioquimicos, estruturais ¢ funcionais. Desta forma, este trabalho de doutorado pretende
apresentar os estudos de expressdo e purificagiio protéica, bem como de caracterizacio funcional

¢ estrutural da proteina codificada pela ORF XF1729 de X, fastidiosa.

1.1. A XYLELLA FASTIDIOSA E A CLOROSE VARIEGADA DOS CITROS (CVQ)

A Xylella fastidiosa ¢ uma bactéria gram-negativa que vive limitada aos vasos do xilema
de seus hospedeiros. Esta bactéria, com formato de bastonete, sem flagelo & de tamanho varigvel,
pode chegar até 0,7 pm de dimetro e 3 um de comprimento (Wells ef al., 1987). Em meio de
cultura, também caracteriza-se pelo crescimento lenio, com colnias circulares, discretas,
medindo até 0,6 mm de didmetro apés 10 dias de incubagiio a 28°C, podendo alcangar 1,5 mm
depois de 30 dias, com variagdes decorrentes do meio de cultura utilizado {Coletta Filho &
Machado , 2002).

A transmissfio da X fastidiosa se da através de cigarrinhas sugadoras de xilema,
pertencentes a familia Cicadellidae (Purcell e al., 1979), podendo também ser transmitida

através do uso de porta enxertos contaminados (He ef al., 2000). A bactéria sobrevive no limen
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do canal alimentar das cigarrinhas transmissoras e nos vasos do xilema da planta, fechando o
ciclo infectante apds a sua alimentagdo (Hopkins ef af., 1995).

A CVC ¢ uma doenga que ataca todas as variedades comerciais de laranja doce (Carvalho
et al., 1996). Os principais sintomas da CVC em plantas de laranja doce sfo o aparecimento de
manchas cloréticas na parte dorsal das folhas correspondendo a pontos marrons com aspecto de
goma na superficie ventral. As plantas severamente atacadas apresentam um aspecto de
debilidade geral com ramos envassourados, uma superbrotagdio das gemas e folhas murchas nas
horas mais quentes do dia, mesmo em condicdes de umidade. Posteriormente, verifica-se uma
drastica redugfio no tamanho dos frutos, tornando-os enrijecidos e IMproprios para consumo

(Hopkins, 1989) (Fig. 1).

Figura I: Sintomas da Clorose Variegada dos Citros. A} Manchas clordticas na superficie das
fothas. BY Frutos sadios ao lado de frutos doentes. () Sintoma de murcha em folhas. D} Redugin
do tamanho dos frutos. (Fonte: www.fundecitrus.com.br)
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Esses sintomas indicam a ocorréncia da oclusdo dos vasos do xilema da planta,
ocasionando principalmente o bloqueio do transporte de dgua e nutrientes. Neste caso, observa-
s¢ uma eficiente capacidade de aderéncia ¢ multiplicagio da X. fastidiosa nos vasos condutores
de seiva bruta, como apresentado na Figura 2. (Machado er al., 1994; McElrone ef al, 2001;
Machado ef al , 2001).

A bactéria depois de instalada no xilema da planta (Fig. 2), passa a se multiplicar ¢ a
produzir substincias extracelulares. Entre estas substincias, uma grande quantidade de
polissacarideos extracelulares ¢ secretada, os quais contribuem para g formacdo de um hiofilme
na superficie dos vasos do xilema. Sobre esse material depositam-se mais bactérias que resultam
em grandes agregados que podem interromper o fluxo regular de 4gua e nutrientes através destes
vasos. Esses agregados celulares podem, em tese, contribuir para concentrar afividade de
exoenzimas bacterianas, auxiliar na captura de nutrientes, acumular substincias toxificantes,

manter a agregagio de células e proteger contra as flutuagdes ambientais (Michelmore, 2000).

Figura 2: Colonizagiio da bactéria Xylella fastidiosa nos vasos do xilema da planta. {(Fonte:
http://faeg Ibi.ic.unicamp. br/x{/)
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A X fastidiosa, além de causar doenga ém citros, também ataca diversos hospedeiros
como; alfafa ¢ videira (Goheen ef al., 1973); pessegueiro (Hopkins ef al.,, 1973; Nyland et al,
1973); amendoeira (Mircetich et al, 1976);, ameixeira (Hopkins, 1989), e cafeeiros (Paradela
Filho et al., 1997). No Brasil, a CVC foi detectada primeiramente no ano de 1987 e, dez anos
depois, ja comprometia cerca de 90% dos pomares em idade produtiva nas regiGes do Estado de
S@o Paulo ¢ do sul do trifngulo mineiro. Atualmente cerca de 45% dos pomares encontram-se
plantas com sintomas de CVC (www.fundecitrus.com.br). Os principais danos sdo decorrentes
do nfio aproveitamento comercial dos frutos que, por apresentarem tamanho reduzido, nfo séo
aceitos para o consumo de mesa e oferece baixa quantidade de suco, principal produte citricola
brasileiro de exportagiio. A CVC possui especial importancia no Brasil visto o peso relegado a
indstria citrica. Em. 2000, no estado de S#o Paulo, 35% de 200 mithdes de laranjeiras
apresentavam sintomas de CVC, representando uma perda direta de mais de 100 milhdes de

dolares (www fundecitrus.com.br).
1.2, 0Os MECANISMOS DE PATOGENICIDADE DE X, FASTIDIOSA

A mencionada importincia da indastria citrica no pais, bem como os danos causados pela
CVC nos pomares brasileiros, aliados & possibilidade de se desenvolver novas estratégias de
controle bascadas no conhecimento dos mecanismos de patogenicidade, resultaram no
desenvolvimento de um extenso programa de pesquisa sobre X, fastidiosa. Tal programa teve
inicio com o sequienciamento completo do genoma de X fastidiosa realizado por um consorcio
de pesquisadores brasileiros (Simpson ez al., 2000),

A partir da sequéncia genbmica de X. fastidiosa, foi tragado todo o perfil basico para a

sobrevivéncia dessa bactéria como o seu metabolismo energético, a sintese de aminoacidos,
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nucleotideos e lipideos e os mecanismos de transcrigiio, traducfio e reparo. Mais importante que
esse perfil, o seqlienciamento do genoma de X fastidiosa também permitiu a formulagio de
hipoteses mais elaboradas sobre os mecanismos de patogenicidade dessa bactéria (Dow &
Daniels, 2000; Keen ez al., 2000; Simpson ez al., 2000; Stlva et af., 2001).

Os possiveis mecanismos de patogenicidade revelados pela seqiiéncia gendmica de X
Jastidiosa sho: produgdo de toxinas, secre¢lio de enzimas celuloliticas e proteolfticas, segliestro
de fons ¢ a formagdo de biofilmes que bloqueiam o fluxo de seiva nos vasos xilematicos.
Associados a estes mecanismos, um enorme nimero de proteinas estio envolvidas na
detoxificagfio, no bloqueio da entrada de drogas e no descarte ativo de toxinas que entram na
célula garantindo sua sobrevivénela no hospedeiro, protegendo-a de ataques de outros
microorganismos que habitam no xilema, ou do proprio hospedeiro.

Anteriormente & andlise genOmica, as hipdteses pelas quais a X fastidiosa causava
doencas em seus iniimeros hospedeiros eram vagas e pouco exploradas. Hopkins (1989) cita a
oclusio dos vasos xilematicos pelas bactérias, tiloses ¢ gomas, a produgio de fitotoxinas e o
desbalanco de reguladores de crescimento como os possiveis mecanismos de patogenicidade
dessa bactéria. Os procedimentos comumente utilizados no estudo da interagio planta -
patogeno, em nivel molecular, consistiam na obtencdo de linhagens mutantes, que tivessem
sofrido alteragfio na expressio de alguma funglo ligada & patogenicidade (Daniels ef al., 1987).
Porém, nenhum experimento foi capaz de prova ou excluir qualquer uma dessas teorias.

Desta forma, com a andlise da seqiiéncia gendmica completa foi possivel fazer algumas
dedugdes a respeito dos mecanismos de adesdo, migraco e toxicidade, os quais ¢stdo envolvidos
COMm o processo patologico de X. fastidiosa.

O genoma da X. fastidiosa 9a5c possui um cromossomo com 2.679.305 pares de bases e

dois plasmideos denominados pXF31 e pXF1.3. Do total de 2.884 quadros de leitura aberta
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(ORFs), apenas 1.314 delas puderam ter sua fungfio predita a partir da predigio de similaridade a
outros genes de funcdio conhecida (Simpson ez al., 2000).

Talvez a primeira caracteristica marcante encontrada na andlise genémica seja a auséneia
dos genes de aviruléncia (avr), bem como dos genes que compdem o sistema de secrecdo do tipo
HI, necessario aos genes avr. A auséncia destes genes pode ser em parte explicada pelo modo de
vida e transmissdo da X. fastidiosa que ndo requer a invasio e/ou lise das células do hospedeiro
para a sua infecclo ou sobrevivéncia (Dow er al., 2000; Lambais et al., 2000; Simpsom ez al.,
2000).

No genoma da X. fastidiosa também se identificou a presenca de genes pertencentes a
uma familia de toxinas (RTX), as quais sfo largamente distribuidas entre bactérias gram-
negativas patogénicas. As toxinas lesam ou matam células vegetais permitindo com que ©
patdgeno colonize a planta,

Outra estratégia crucial para que a X fastidiosa colonize efetivamente a planta é a
migragdo. Para tal, a bactéria produz enzimas extracelulares que degradam a parede celular das
células dos vasos do xilema, facilitando a entrada do patégeno ou sua dispersdo no hospedeiro,
Foram identificados genes em X fastidiosa que codificam a celulase e seu precursor,
poligalacturonase (Simpson et al,, 2000). A auséncia de enzimas pectinoliticas funcionais no
genoma de X. fastidiosa se deve a sua forma de vida, que ndio requer a invasfio e destrui¢cio dos
tecidos do hospedeiro (Keen ef al., 2000; Simpson ef al,, 2000). A reduclio ou auséneia desses
mecanismos enzimaticos de invasfio ou degradagfio pode ser uma forma de evitar os sistemas de
defesa da planta, que sfo disparados quando esta detecta a lise de suas células {Keen et al,
2000).

Muitos fitopatdgenos produzem uma matriz exiracelular composta por polissacarideos

extracelulares (EPS). Esta matriz também ¢ caracteristica de X, Jastidiosa (Chagas et al., 1992),
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embora, diferentemente de Xanthomonas campestris pv campestris, ndo encontra-se 1o genoma
de X. fastidiosa alguns dos genes que codificam enzimas envolvidas na sintese de EPS (gum/,
guml e gum(z), sugerindo que em X fastidiosa estes exopolissacarideos sejam menos viscosos,

A sintese destas enzimas de EPS ¢ regulada de uma maneira complexa por varios genes
independentes, organizados no cluster rpf (regulation pathogenicity factor). Em Xonthomonas
sp., utilizando-se mutagénese por transposon (Tang er al., 1991) foi verificada a existéncia de
pelo menos oito genes (rpfd-H) que levaram & redugdio dos niveis de todas as enzimas
extracelulares e EPS. Sabe-se que X fastidiosa também contém genes #pf4, rpfB, rofC ¢ rpfF,
sugerindo que ambas bactérias regulem a sintese de fatores patogénicos EPS por mecanismos
similares.

O bloqueic dos vasos xileméticos pelo bioffime produzido pela X fastidiosa ¢ o
mecanismo de patogénese mais sugerido e pesquisado. Além da sintese do EPS denominado
“goma fastidiana”, a formacio do biofilme envolve a adesfo das bactérias ao subsirato ¢
agregacio entre elas.

As fimbrias de X. fastidiosa observadas ao microscopio eletrnico (Raju & Wells, 1986}
sdo estruturas importantes tanto para o processo de colonizago do xilema da planta, quanto para
promover a adesfio da bactéria ao hospedar o inseto vetor (Brlansky er al., 1983). Foram
identificados genes que controlam a transcricfio de subunidades da fimbria (pilS e pilR) e outros
que codificam um sistera quimiostatico traduzindo sinais do meio para a maquinaria do pili
(pilG H, 1, J e chpA) em resposta ao hospedeiro (Simpson et al., 2000).

Além dessas duas formas de adesfio, produgfio de EPS e fimbria, as quais contribuem
para o agrupamento da bactéria e adesfio da mesma 4 parede do xilema, também foram
identificados genes de alta similaridade com genes de outros patégenos. Estes genes codificam

adesinas. As adesinas sfio profeinas que se localizam na membrana externa das células ¢
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promovem a adeséo a superficies. As adesinas, até o seqlienciamento do genoma da X fastidiosa,
eram assocladas apenas a patOgenos animais. Sua presenca em um fitopatdgene aumenta o
namero de evidéncias sobre a generalidade dos mecanismos de patogénese bacteriana,
independentemente da natureza do hospedeiro (Simpson ef al., 2000).

A presenca de genes relacionados & patogenicidade no genoma da X, fastidiosa contribuiu
para se generalizar os mecanismos de patogenicidade, no entanto oS processos sfio complexos €

ainda pouco entendidos.

1.3. AORFXF1729 DE X FASTIDIOSA

De acordo com a anotago genSmica, a ORF XF1729 de 876 pares de bases, codifica uma
proteina de 291 residuos de aminoécidos, com um peso molecular predito de 31.4kDa, um pl
tedrico de 4.99. Esta proteina pertence a categoria de produgio de toxina e detoxificagiio ¢ esta
anotada como sendo uma fenilacetaldeido desidrognase (hitp://aeg Ibi. ic. unicamp. br/x{7).

No entanto, a sua fung8o putativa pode ser identificada via similaridade com seqiiéncias
caracterizadas em banco de dados. O alinhamento comparativo de sua sequéncia de aminodcidos
revelou que a proteina ¢ similar as putativas oxidorredutases encontradas em diversas espécies.
Além disso, o alinhamento também revelou que a proteina apresenta um dominic comum com as
proteinas pertencentes & superfamilia das aldo-ceto redutases (4KR superfamily).

A ORF XF1729 estd localizada, juntamente com outras diferentes e putativas
desidrogenases/ceto-redutases (Nunes et al., 2003), em uma grande itha genmica especifica de
X. fastidiosa causadora de CVC (chamada GI;), a qual parece ser importante na adaptagéio ao
ambiente ¢ na patogenicidade desta bactéria (Bhattacharyya et al., 2002; Oliveira et al,, 2002). A

bactéria requer proteglio contra a produgfio de espécies de oxigénios reativos, os quais sio
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produzidos pela planta em resposta as injiirias. Para se prevenir contra estes oxigénios reativos, a
X fastidiosa apresenta seis genes envolvidos no processo de oxido-redugio (Moreira et al,

2004).

1.4. AS ALDO-CETO REDUTASES NOS MICROORGANISMOS

Aldeidos e cetonas sfio intermedidrios importantes em muitas vias metabélicas como
metabolismo de agticar, biossintese de esterdide, metabolismo de aminodcidos e biossintese de
metabblitos secunddrios. Também encontramos em células de microorganismos produtos
aldeidicos de peroxidagfio lipidica formados apds a exposiciio a agentes oxidantes ¢ metais
pesados (Avery, 2001) bem como, diretamente de fonte exdgena, incuindo fitoalexina de plantas,
toxinas ¢ derivados sintéticos do meio. Por causa da reatividade do grupo carbonil, muitos
aldeidos ¢ cefonas sdo mutagénicos e representam um perigo em potencial para a célula
microbiana (Marnett ef af., 1985). A habilidade de metabolizar estes compostos confere uma
vantagem seletiva a qualquer microorganismo quando exposto aos mesmos.

Aldeidos e cetonas podem ser metabolizados por imimeros sistemas enzimaticos
incluindo aldeido desidrogenases que podem oxidar aldeidos 4 acidos e as bem caracterizadas
alcool desidrogenases, as quais incluem as familias das desidrogenases/redutases de cadeia curta
e media (Reid & Fewson, 1994, Jornvall er af., 1999).

O numero ¢ a diversidade estrutural destas familias de enzimas podem ser considerados
suficiente para a célula ser capaz de reduzir aldeidos e cetonas. No entanto, membros de uma
outra familia de enzimas, Aldo-ceto redutases (AKR), estdio presentes em muitos
microorganismos (Kataoka, et g/, 1992) ¢ também sdo capazes de reduzir estes mesmos

substratos, sugerindo uma sobreposicio de fungdo.
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As Aldo-ceto redutases s¥o uma superfamilia de enzimas relacionadas que compartilham
caracteristicas estruturais ¢ funcionais. Com a rapida expansdo desta superfamilia criou-se a
necessidade de se estabelecer uma nomenclatura sistematica basecado na similaridade da
sequéneia de aminodcidos (Jez ef al., 1997), a qual é periodicamente atualizada (Jez & Penning,
2001). Determinar a habilidade ¢ a fungfio destas enzimas no metabolismo do carbonil é um
importante objetivo, porém a dificuldade consiste na grande quantidade de substratos da maioria
das AKRs ¢ na tipica presenca de mais de uma AKR em cada célula.

Apesar de uma consideravel sobreposicio funcional, a estrutura tri-dimensional das
AKRs difere consideravelmente das proteinas pertencente 4 familia das desidrogenases/redutases
de cadeia curta (Jornvall e al., 1995). Na maioria dos casos, as AKR sdo monomeéricas, com
excegdo da enzima dimérica AKR7 de mamifero e de algumas xyloses redutases de levedura. Em
microorganismos, a AKRSD (25 diceto-D-gluconico 4cido redutase - 2,5-DKGR) de
Corynebacterium sp. é capaz de catalisar a redugdo esterioespecifica do 2,5-diceto-D-gluconato a
2-ceto-L-giuconato, um precursor na produgdo industrial de vitamina C {L~ascorbato) {(Khurana
et al, 1998). Em levedura, a AKR3A1 (enzima Geylp) ¢ capaz de catalisar a redugiio de
inimeros substratos aldeidos, inclnindo o DL-gliceraldeido, ainda que sua funcfo fisiologica seja
desconhecida (Hur & Wilson, 2000). Ambas enzimas sfo estruturalmente similares 4s enzimas
AKRs de mamiferos, compartithando o mesmo enovelamento do tipo (@/B)s barrel, além de
apresentarem alta similaridade de aminoacidos no sitio ativo.

Informagdes estruturais t8m revelado detathes importantes sobre o mecanismo catalitico,
o qual envolve a tétrade de aminoacidos Tyr, His, Asp ¢ Lys. Parece que 0 mecanismo ¢
semelhante na maioria das AKR que possuem estes quatro aminodcidos.

O modo pelo qual a AKR liga ao cofator NADPH em uma conformagéo extendida, sem

um enovelamento do tipo "Rossman” também parece ser similar na maioria das AKRs. Em 2,5-
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DKGR, a ligacdo do cofator NADPH causa mudancas conformacionais na estrutura da enzima ¢
isto parece ser essencial para a subseglente ligacdo ao substrato (Sanli & Blaber, 2001).
MutagBes sitio dirigidas da AKR de mamifero revelaram que a regido C-terminal € importante
para determinar a especificidade do substrato 4 enzima.

Muitas AKRs tem sido estudadas com respeito a atividade enzimatica catalitica. Quitras
enzimas microbianas NADPH-depentes com atividade de redutase para aldeidos e cetonas tém
sido purificadas ¢ testadas, mas sem qualquer informagéo de seqiéncia, nfo sendo possivel saber
se elas pertencem & familia das AKR ou das alcool desidrogenases. Muitas enzimas AKR que
tém sido caracterizadas mostram uma distinta preferéneia pelo NADPH como cofator, no
entanto, algumas xyloses redutases de levedura podem usar NADH ¢ NADPH como cofator,
com igual eficiéneia A variedade de substratos que uma AKR pode reduzir ¢ muito ampla, mas
ha claras diferengas na afinidade a eles. As xyloses redutases de levedura formam a subfamilia
AKR2B (Lee, 1988). Estas enzimas catalisam a redugfo de xylose a xylitol, como parte da via
metabolica da xylulose.

Devido & sobreposicdo de substratos especificos das enzimas AKR tem sido difici
caracterizar uma enzima individualmente. Além disso, pode existir mais de uma enzima dentro
da célula capaz de reduzir um aldeido ou uma cetona. Por exemplo, tomando-se por base as
informagbes gendmicas, pode-se dizer que um procarioto como 2 E. coli possui 6 AKRs
(Blattner et g, 1997) ¢ um eucarioto com a levedura, possui mais de 14 AKRs (Goffeau ez af,
1996). Ainda assim, pode haver a complementagdo de outras desidrogenases/redutases, as quais
podem agir com grande similaridade funcional no metabolismo dos aldeidos.

A questdo fundamental consiste emn saber o motivo pelo qual as células apresentam tanias
enzimas capazes de desempenhar aparentemente papéis similares. Acredita-se que apesar de

existir uma consideravel sobreposigiio de fungdes, cada enzima estd envolvida em uma particular
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proposta, e sua habilidade em ter um grande ntimero de substratos deve-se ao fato da enzima ter

dentro daguele grupo, um substrato preferido.
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2. OBJETIVOS

2.1. OBJETIVOS GERAIS
— Explorar a funcionalidade das proteinas relacionadas 3 patogenicidade da bactéria X,

Jastidiosa.

~ Fornecer subsidios para a resolugfio da estrutura tridimensional da proteina em estudo.

2.2. OBIETIVOS ESPECIFICOS

— Clonagem, expressdo em Escherichia coli e purificagio da proteina codificada pela

ORFXF1729.

~ Caracterizagdo funcional e estrutural da proteina codificada por esta ORF
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3. METODOLOGIA

3.1. CARACTERIZACAO ENZIMATICA

Como sabido, as enzimas sfio proteinas especializadas na catalise de reacdes biologicas.
Elas estdo entre as biomoléculas mais notéveis devido 4 sua extraordinaria especificidade e poder
catalitico. Praticamente todas as reages que caracterizam o metabolismo celular sdo catalisadas
por enzimas. Como catalisadores celulares extremamente poderosos, as enzimas aceleram a
velocidade de uma reagfio, sem no entanto participar dela como reagente ou produto. As enzimas
atuam ainda como reguladoras deste conjunto complexo de reagdes, sendo consideradas as
unidades funcionais do metabolismo celular.

As enzimas podem ser classificadas de acordo com vérios critérios, eniretanto a
nomenclatura das enzimas ¢ normatizada por um comitd especializado, o Nomenclature
Committee of the International Union of Biochemistry and Molecular Biology (NC-IUBMB). De
acordo com este comité as enzimas sdo divididas em seis grandes classes, conforme a reacio
quimica catalisada: (1) Oxidorredutases; (2) Transferases: (3) Hidrolases, (4) Liases, (5)
Isomerases, (6) Ligases. As oxidorredutases sdo enzimas que catalisam reagles de oxidagfo-
reduclio (reagies de transferéncia de elétrons). Nesta classe, incluem-se as redutases, oxidases,
desidrogenases, oxigenases, peroxidases ¢ hidrogenases.

A cinética enzimética ¢ a parte da enzimologia que estuda a velocidade das reagles
catalisadas por enzimas, ¢ 0s fatores que influenciam nesta velocidade. A cinética de uma enzima
¢ estudada avaliando-se a quantidade de produto formado ou a quantidade de substrato

consumido por unidade de tempo de reago (Lehninger et al, 1993).
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As enzimas aceleram a velocidade de uma reagéo por diminuir a energia livre de ativagio
da mesma, sem alterar a termodinimica da reagfio, ou seja, a energia dos reagentes ¢ produtos da
reacdo enzimética e de sua equivalente ndo enzimdtica ¢ idéntica. As enzimas aceleram as
reagOes por prover uma nova via de reagio na qual o estado de transiglo tem uma energia livre
mais baixa e, portanto é mais acessivel do que na reagio ndo catalisada, A primeira etapa na
catalise é a formagdo de um complexo enzima-substrato (ES). Para superar a energia de ativaglo
em uma reaglo, a enzima liga-se & molécula de seu substrato formando um estado de transiglo
(ES), sendo este obrigatorio no processo catalitico enzimatico. O estado de transicfio (ES) ¢
sempre um composto instivel ¢ de alta energia, ligado com altissima afinidade ao sitio catalitico
da enzima. O reconhecimento do substrato pela enzima € um processo dindmico, acompanhado

de mudangas conformacionais no centro ativo.

O modelo de Michaelis-Menten explica as propriedades cinéticas de algumas enzimas.
Neste modelo, uma enzima (E) combina-se com um substrato (S) formando um complexo
enzima-substrato (ES), que pode seguir para formar um produto (P), ou dissociar-se em E ¢ §.

Conforme esquematizado na equacio 1, onde k;, k2 ¢ &; s¥o as constantes cinéticas:

E+s —fs g5 —f» E4p
%
2

Equagcdo 1: Equagio modelo de Michaelis-Menten para enzimas.

Um dos fatores que afetam a velocidade de uma reagfio catalisada por uma enzima
purificada é a concentragiio do substrato presente [S]. Os estudos da concentracio de substrato

s3o dificeis de serem avaliadas devido ac fato da [S] variar durante o curso de uma reagdo a
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medida que o substrato € transformado em produto. Porém, a medicdio da velocidade inicial (Vo)
¢ uma alternativa para simplificar o problema. Em um experimento cinético a [S] é sempre muito
maior que a conceniragiio da enzima [E], ¢ se o tempo da reagio ¢ suficientemente curto, as
mudangas da [S] serfio negligencidveis, podendo ser consideradas uma constante.

O efeito provocado em Vy pela variagio da {S], quando a concentracfio da enzima ¢
mantida constante estd apresentado na Figura 3. Em concentragdes pequenas do substrate, Vg
aumenta quase linearmente como os aumentos de [S]. Em concentragtes maiores de subsirato Vg
aumenta por incrementos menores em resposta aos aumentos da [S]. Finalmente ¢ alcangado um
ponto acima do qual ocotrem apenas aumentos insignificantes em Vo, mesmo diante de aumentos

em [S], sendo este ponto chamado de velocidade méxima (V).

Figura 3: Grafico de Michaelis-Menten; Grafico da velocidade inicial de reagdo, Vg, em funcio
da concentracdo do substrato, {S], para uma enzima que obedece 4 cinética de Michaetis-Menten,
sendo Vi a velocidade méxima e Kr, a constante de Michaelis.

A Figura 3 mostra a relago entre [S] e Vp para uma reagiio enzimatica. A curva que

expressa esta relaco possui a mesma forma para a maioria das enzimas, sendo expressa pela

equagdo de Michaelis-Menten, derivada por estes pesquisadores partindo da hipotese basica de
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que, nas reagles enzimaticas, o passo limitante da velocidade ¢ a quebra do complexo ES para
formar o produto e a enzima livre,

A Equacio de Michaelis-Menten (Equag8o 2) ¢ a equagio da velocidade para wma reagio
catalisada enzimaticamente e com um nico substrato. E uma expressdo da relagfio quantitativa
entre Vo, velocidade inicial maxima Vme € a concentragdo inicial do substrato [S], todas
relacionadas através da constante de Michaelis-Menten, K. A constante de Michaelis-Menten ¢
uma constante dindmica, ou de pseudoequilibrio, que expressa a relagfio entre as concentragies

reais no estado estacionario ao invés de concentragdes no equilibrio,

VU = me_igl Sl
Km*{S]

Equacio 2: Equactio de Michaelis-Menten.

Uma relagdo numérica importante emerge da Equagiio de Michaelis-Menten no caso

especial quando V; é exatamente a metade de Vi (Equagdo 3).

Km = [S} — V{}= l Vméx
2

Equacio 3: Equagio derivada da equagiio de Michaelis-Menten.
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Nota-se que K ¢ equivalente 4 concentragéo do substrato na qual V, ¢ igual & metade de
Vims, indicando a afinidade de uma enzima pelo seu substrato. Quanto menor for o valor de Ky,
maior serd a afinidade da enzima pelo substrato. A constante cinética 4; ou Koy expressa o
numero de moléculas de substrato transformadas em produto por unidade de tempo, em um s6
centro catalitico quando a enzima esta completamente saturada pelo substrato, Cada enzima tem
valores otimos de Ko ¢ Ky que refletem o ambiente celular, a concentraciio do substrato
normalmenie encontrado in vivo pela enzima ¢ a quimica da reagdo que esta sendo catalisada.

A determinaco da cinética das enzimas ¢ importante como medida da velocidade da
reagho e de como esta velocidade é afetada pelas condicBes quimicas e fisicas. Os estudos
cinéticos fornecem informagdes sobre os mecanismos basicos de catlise ¢ outros fafores que
caracterizam a enzima (Lee, 1992).

Para a caracterizagio de oxidorredutases que utilizam NADPH para catalisar a redugfo de
diversos substratos, os estudos de atividade enzimdtica sio medidos através do decrescimento da.
absorbancia a 340nm, decorrente da oxidagio do NADPH a NADP+. O valor do coeficiente de
exting@io molar para 0 NADPH ¢ de 6220Mcm™ a 340 nm. A taxa da reacio € determinada
mantendo-se fixa as concentracles da enzima e cofator e, variando as concentragdes do
substrato. Os dados obtidos da leitura da absorbincia a 340 nm, pelo tempo, para cada
concentrago do substrato, sdo representados graficamente e calculada a velocidade inicial da
reagdio (Vo) pela equaghio de regressio linear (v = ax + b), sendo a = Vq. Desta forma & possivel
determinar o efeito do substrato na velocidade inicial da reagdo, podendo-se calcular a
velocidade méxima (V) ¢ obter a constante de Michaelis-Menten (K} para cada substrato
testado. Segundo Naqui & Chance a cinética da maioria das reagOes catalisadas por enzimas

obedece & equacio de Michaelis-Menten,
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3.2. TECNICAS UTILIZADAS NA CARACTERIZACAO ESTRUTURAL DE PROTEINAS

3.2.1, DICrROISMO CIRCULAR

O Dicroismo Circular (CD) tem sido reconhecido como uma valiosa técnica
espectroscopica para examinar a estrutura de proteinas em solugfio. O principio desta técnica se
deve ao fato de que as moléculas opticamente ativas interagem com a huz polarizada provocando
alteragio na polarizagiio da Iuz incidente. Pode-se dizer que a luz polarizada apresenta dois
componentes circularmente polarizados de igual magnitude, sendo um 4 esquerda (E) e outro &
direita (D). A espectroscopia de dicroismo circular detecta a absorg@io diferencial das duas
componentes. Se apds a passagem através da amostra examinada, as componentes E ¢ D ndo séo
absorvidas ou sdo absorvidas em igual extensfio, a resultante de E e D regenera a radiagio
polarizada no plano icial. No entanto, se E ¢ D sfo absorvidas em diferentes extensdes, pode-se
dizer que a radiagfio resultante possui uma polarizagfio eliptica (Fig. 4A) (Kelly ef af., 2005). Os
equipamentos de CD, espectropolarimetros, medem a diferenca da absorgéio de luz circularmente
polarizada  direita e 4 esquerda (AA=Ag-Ap), convertendo o sinal em termos da elipticidade (8)
expressa pela formula 6 = 32.98. AA (graus) {Woody, 1995).

O sinal de CD é observado quando o cromdéforo ¢ quiral (opticamente ativo) devido ao
fato de (a) ser intrinsecamente quiral por causa de sua estrutura, por exemplo, um atomo de C
com quatro diferentes ligantes ou uma ponte de dissulfeto, a qual € quiral devido ao dngulo
diedral de sua cadeia de 4tomos; (b) estar covalentemente ligado ao centro quiral na molécula,
(c) estar localizado em um ambiente assiméirico em virtude da estrutura tridimensional adotada

pela molécula (Kelly & Price, 2000). No caso das proteinas, os cromoforos de interesse incluem
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a ligacio peptidica (absorgio abaixo de 240nm), aminoacidos aromdticos da cadeia lateral
(absorgdo entre 260 e 320nm) e, as pontes de dissulfeto (ténue banda de absor¢fio por volta de
260nm) (Kelly & Price, 1997). O sinal de CD somente aumenta quando a absorgdo da radiagio
ocorre ¢, devido a este motivo as bandas espectrais sdo facilmente verificadas para distinguir
caracteristicas estruturais da molécula. Um avango da téenica de CD no estudo de proteinas
reside no fato de obtermos informages complementares sobre a estrutura protéica de diferentes
1egides espectrais, por exemplo, a composicio da estrutura secundéria.

Os diferentes tipos de estrutura secundaria (ow-hélice, folha-f e estrutura randémica) que
compdem a molécula apresentam um espectro de CD caracteristico na faixa do UV-distante
(Fasman, 1996), devido aos dngulos ¢ e y do carbono-o da cadeia polipeptidica. As o-hélices e
folhas-B sdo estruturas bem compactas presentes nas proteinas enoveladas. J4 as estruturas
randfmicas estdo presentes tanto em proteinas desenoveladas quanto nas algas flexiveis de
conexdo enire elementos de estrutura secunddria, A composigio predominante da estrutura
secundaria de uma proteina pode ser verificada pela simples observacfio espectral. As proteinas
que possuem sua estrutura secundaria formada predominantemente por a-hélices exibem bandas
espectrais em 192, 208 e 222 nm, aproximadamente. As proteinas formadas predominantemente
por folhas-f apresentam um espectro de CD contendo bandas espectrais em 196 ¢ 216 nm,
aproximadamente. A estrutura randémica é representada pelo espectro contendo bandas
espectrais proximo de 195 e 212 nm (Pelton & McLean, 2000).A Figura 4B apresenta o espectro

de CD caracteristico de cada estrutura secundéria,
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Figura 4: A) Polarizagdio eliptica da Luz (roxo) é composta pela contribuigio diferencial da luz
circularmente polarizada 4 esquerda (vermelho) e 2 direita (azud). B) Representacdo dos
espectros de CD caracteristicos para cada tipo de estrutura secundéria: a-hélices (vermelho),
folhas-B (azul) e estrutura randbémica (verde),

A estimativa da composiciio da estrutura secundaria da proteina a partir do espectro de
CD continua sendo uma tarefa empirica, apesar dos métodos propostos variarem da simples
observagio & utilizagdo de algoritmos sofisticados. Atualmente, foram desenvolvidos infimeros
algoritmos, os quais utilizam as informagdes geradas pelos bancos de dados de espectros de
proteinas com estrutura cristalografica determinada e o espectro de CD obtido na faixa de UV-
distante da proteina em estudo. Dentre os algoritmos amplamente utilizados para esta analise
estdo. SELCON (Sreerama & Woody, 1993), VARSLC (Manavalan & Johnson Jr,, 1987,
CDSSTR (Johnson, 1999), K2d (Andrade ef al, 1993) ¢ CONTIN (Provencher & Glokner,

1981),

23



Metodologia

3.2.2. ESPALHAMENTO DE RAIOS-X A BAIXO ANGULO

O espalhamento de raios-X a baixo dngulo (SAXS) ¢ uma técnica experitnental que
permite o estudo da estrutura e interagOes de macromoléculas biolégicas em solugdio. Esta
técnica pode ser usada para estudar proteinas, acidos nucléicos e seus complexos em uma
variedade de condigbes, desde altamente desnaturante até proximo da fisiolégica sem a
necessidade de cristalizar a amostra e sem as limitages de peso molecular inerentes a técnica de
RMN. A crescente importincia do SAXS como uma ferramenta em biologia estrutural se reflete
no numero de publicagdes relacionadas por ano que triplicaram na Gitima década. Além disto, os
progressos na instrumentacio de SAXS e os noves métodos de analise, que melhoram
substancialmente a resolucdio e a realidade dos modelos estruturais, estio fazendo do método
uma tmportante ferramenta para o estudo estrutural (Grossmann, 2007).

O principio basico do SAXS é o espalhamento elastico de fotons de raios-X de moléculas
em solugdo. Assim, a Intensidade espalhada ¢ registrada em fungo do dngulo de espathamento
(Svergun er al, 2001). O perfil de espalhamento fornece informagdes sobre conformagio e
estrutura global das moléeulas estudadas.

Os primeiros estudos de moléculas bioldgicas através da {éenica de SAXS limitavam-se a
obtengdo de alguns pardmetros moleculares como: peso molecular, Raio de giro (R,) e disténcia
intramolecular maxima (Dpe). Na década passada, o desenvolvimentoe de algoritmos permitiu a
construgdo ab initio dos mapas de densidade eletronica de baixa resolugio tridimensional a partir
do perfil de espathamento unidimensional (Walther ef af., 2000, Svergun et al., 2001), obtendo-
se informagdes estruturais além de simples parémetros. Recentemente, foram criadas ferramentas

para modelar proteinas ¢ complexos moleculares a partir das informacdes obtidas por SAXS,
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basendo-se nas estruturas conhecidas ou parcialmente conhecidas através de experimentos de
alta resolucso.

Os parmetros freqientemente extraidos de um perfil de SAXS de uma biomolécula em
soluglo sdo o R; e a intensidade de espathamento direta I(0). Estes pardmetros sfo obtidos da
formula de Guinier, I(q) ~ (0) exp(-qu.gZIS), para pequenos momentos de transferéncia g, (g =
47 sin(8)/)), onde 20 ¢ o dngulo de espalbamento e A é o comprimento de onda de raios-X,
plotando In(l(q)) por ¢* e fitando o Angulo e a intercessdo. O raio de giro (Ry) ¢ um modelo de
caracterizagdo do tamanho da molécula e a intensidade de espalhamento direta (K(0)) pode ser
dada em fungdo do peso molecular, através da retagio: 1(0) = ke{Ap)(PMY’, onde k é a constante
{determinada a partir das medidas de proteinas de peso molecular e concentragio conhecida), ¢ &
a concentracdo da macromolécula, Ap é a variaglio no contraste da densidade eletrdnica da
molécula ¢ PM ¢ o peso molecular (Lipfert & Doniach, 2007).

O perdil de espalhamento também pode ser descrito em termos da funcio de distribuicgo
de distdncias p(r) (Glatter & Kratky, 1982). Esta funggio possui uma definicio geométrica que
pode ser entendida dividindo-se uma particula em uma grande nimero de elementos de volumes
pequenos e 1dénticos. A fungdio p(r) descreve a distribuicio das distAncias r que podem. ser
encontradas a partir da combinagfio de qualquer par de elementos de volume, A funciio p(r) pode
ser obtida através da transformada indireta de Fourier a partir do perfil de espalhamento usando ¢
software GNOM (Svergun, 1992), por exemplo. Em principio, a fungiio de distribuicio de
distdncias p(r) contém a mesma informagfio da intensidade de espalbamento I(s), mas a
representacéio do espago real 4 mais intuitiva e a informagfio sobre a forma da particula pode
frequentemente ser deduzida diretamente por uma inspecdo visual da plr). No entanto,

atualmente, o uso da funglio p(r) para ajudar a visualizar a forma da molécula tem sido
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substituida por algoritmos que fornecem o mapa da densidade eletrénica da molécula a partir do
perfil de SAXS unidimensional.

A visualizagio e manipulagio de estruturas atémica e modelos de baixa resolucio, a
partir de modelos de alta resolugfio, pode ser obtida através de programas CRYSOL (Svergun et
al,, 1995) e GNOM (Svergun, 1992). Porém, quando ndo hd modelos da alta resolugéio para
comparacio, parte-se para uma andlise mais cuidadosa, utilizando-se a funglio p(r) para inferir a
curva experimental dada pelos programas CREDO (Petoukhov ef al, 2002), DAMAVER

{(Svergun et al., 2001y, DAMIM (Svergun, 1999) e outros.
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Abstraet

The Xylelly fastidiosa genome program generated a large number of gene sequences that belong to pathogenicity, virslence and adap-
tation categories from this important plant pathogen. One of these genes (XF 1729) encodes a protein similar to a superfamily of aldo-
keto reductase together with 2 number of structarally and functionally related NADPH-dependent oxidoreductases, In this work, the
similar sequence XF1729 from X Jastidiosa was cloned otito the pET32Xa/LIC vector in order o overexpress a recombinant His-tag
fusion protein in Escherichia coli BL21(DE3). The expressed protein in the soluble fraction was purified by immobilized metal affinity
chromatography (agarose-TIYA—Ni resin}. Secondary structure contents were verifred by circular dickroism spectroscopy. Smalf angle 3-
ray scattering (SAXS) measurements fisrnish general structural parameters and provide a strong indication that the protein has 3 mono-
meric form in solution. Also, ab initio caleulations show that the protein has some similarities with a previously crystaliized aldo-keto
reductase protein. The recombinant XF1729 purified to homogeneity catalyzed the reduction of pi-glyceraldehyde (K, 22657, K,
8204098 mM) and 2-nitrobenzaldehyde (K, 11.74s", Ky 0141004 mM} in the presence of NADPH. The amino acid sequencs
deduced from XF1729 showed the highest identity {40% or higher) with several functional unknowsn proteins. Among the identified
AKRs, we found approximately 29% of identity with YakC (AKR13), 30 and 28% with AKR11A and AKR11E, respectively. The resulis
establish XF1729 as the new member of AKR family, AKR13BI. Finally, the first characterization by gel filtration chromatography
assays indicates that the protein has an elongated shape, which generates an apparent higher molecuiar weight. The study of this protein
is an effort to fight X. fastidiosa, which causes tremendous losses in many ¢conomically bnportant plants.
© 2006 Hisevier Inc. All rights reserved.

Kepwords: Aldo-Reto reductase; Xylella favtidiosa; XFIT9 protein; XFI729 gene

The bacteria Xylella fastidiosa [1}is the causal agent of a sequenced {3], X. fastidiosa is very pootly characterized by
number of econemically important crop diseases, including  biochernical approaches at a protein level. Singe X, fustidi-
Citrus Variegated Chiorosis (CVQ)', affecting mainly sweet  psa 9aSc strain (associated with CVC) is the first plant
oranges [2] Although its complete genome is already  pathogen to be fully sequenced, a farge benefit for the

whole field of disease research in plants can be expecied. An

* Corresponding auther, Fax: +55 19 37881089, ——
1 E-mail address: anete@unicamp.br (AP, Souza). acid; PCR, polymerase chain reaction; SDS-PAGE, SDS-polyacrylamide gel
Abbreviations wsed: CVC, Cirus Variegated Chiorosis; AKR, aldo-Jkefo redue- eletrophoresis; MALDI-TOF, matrix-assisted laser-desorption time-of-Right;
tase; PMSF, phenyimethylsuphony} Rucride; CHCA, t-cyano-4-hydroxycinnamic €D, clroular dichroism; FEG, polyethylene glycol.
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initial step towards characterizing the function of several
proteins has been taken by functional and structural geno-
mic projects.

In order to gather information about the proteins
mvolved in the mechanisms of the bacterium pathogenicity,
we chose the XF1729 ORF (gi 9106797) for the character-
ization studies. This target ORF is located, together with
other different and putative dehydrogenases/keto-reduc-
tases [4], in a large citrus specific genomic island (named
Gl,) that seems to be important in the environmental adap-
tation and pathogenicity of this bacterium ]5,6]. The bacte-
tia require protection against the production of reactive
oxygen species (ROS) by the plant in response to injuries.
To prevent damage from ROS, X. fastidiosa contain six
genes invelved with oxide reduction |7}

The XF1729 ORF codifies a protein of 281 amino acids,
with a predicted molecular weight of 31.4kDa, theoretical
pf of 499 that probably belongs to the toxin production
and detoxification category. lis putative function could be
assigned via similarity to characterized sequences in the
databases. The comparative amino acids alignment shows
that the target protein is simifar to putative oxidoreduc-
tases found in several species and reveled that the protein
has a common domain with aldo-keto reductase {AKR)
superfamily proteins. However, this ORF product was first
described in the genome annotation as being a phenylacet-
aldehyde dehydrogenase due its similarity with the PadA
enzyme from Escherichia coli. This enzyme belongs to
another protein family (aldehyde dehydrogenase superfam-
ily) that efficiently oxidizes only phenylacetaldehyde-like
aromatic aldehydes and is a homodimer that uses NADP+
as a coenzyme [8.9%

The AKRs are a growing superfamily of oxidoredue-
tases that are found across biological kingdoms and phyla,
Found i prokaryotes and eukaryotes including yeast,
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plant, amphibia and mammals. Although several dimers
gnd tetramers have been characterized, members of the
superfamily are typically monomeric (o/}g-barre! proteins,
approximately 35kDa in mass, which use NADPKH) to
catalyze the reduction of aldehydes and ketones, monosac-
charides, ketosteraids and prostaglandins and other specific
substrates [10.11]. Currently, the superfamily contain more
ikan 120 proteins that are distributed throughout 14 fami-
lies (AKR1-AKR14) on the basis of sequence identily: The
criteria follow that members within a family have less than
40% amino acid sequence identity with other families and
that members within a subfamily have greater than 60%
sequence identity {113

Comparing the XF1729 protein with its similar
sequences, we found the highest identity {~65%) with a
putative oxidoreductase from Deinococeus radiodurans (123
and approximately 26% of identity with YakC from Schizo-
saccharomyces pombe that is the founding member of 13th
AKR family [13] However, family 13 of the aldo-keto
reductases currently comsists of one poorly characterized
protein and several unknown function proteins were found
o belong to this family. Apart from this, we found fwo
solved structure proteins — the vegetative protein 147 (PDB
entry TPYF) and the general stress protein 69 (PDB entry
IPZ1} — from Bacillus subtilis that show an approximate
identity of 30 and 28% with the XF1729 target protein,
respectively. Both proteins are members of the AKRIL
family {14,15] and the alignment of these sequences is
shown in Fig. 1,

Here, we report the cloning and overexpression the
recombinant protein in E. coli. The purified XF1729 pro-
tein exhibited a typical aldo—keto reductase activity, being
able to reduce pr-glyceraldehyde and 2-nitrobenzaldehyde
in the presence of NADPH. Its primary structure and activ-
ity assay showed that the enzyme is a new member of the
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Fig 1. Comparison of amine zcid sequences of the XF1729 protein from X, fastidiosa (XF1729, gi 138383303 with the vegetative protein 147 fAKRIIA, g
47168571} and the general stress protein 69 (AKRIIB, gi 47168374) from Boeillus subtilis. The tnultiple sequence alignment was carried out using the
CLUSTALW and GENEDOC programs. Letters shaded in black indicate amino acids that arc identical in #t least two aligned sequences. Leiters shaded
in pray indicate simitar amino acids, Vertical rectangles indicate the residues belonging to the catalytic tetrad present in all the sequencss, Underlined let-
ters show the residues involved in NADPH cofactor biding. Secondary structure elements (B = §-sheet, H = w-helix) are indicated above the predict atruc-
ture deduced from the XF1729 sequence (by PSIPRED program) and below the AKR11A crystallographic structure (PDB entry 1PV obtained from fis

sequence.
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AKR 13 family, classified as AKR13B1.? Although, in the
genome annotation, the protein is described as belonging to
the aldehyde dehydrogenase superfamily, its function has
not been assigned (data not shown). In addition, modeling
approaches based on SAXS data give the indication of the
general shape of this protein, permitting the identification
of similar structural features with proteins of the AKR1}
family. It also aims at adding new information on proteins
that may be related to the X fastidiosa pathogenesis, neces-
sary for new approaches towards the combat of CVC,

Materials and methods
Materials

The oligonucleotide primers were synthesized at Invitro-
gen Life Technologies {(S#o Paulo, Brazil). The pET32-Xa/
LIC vector and the BL21(DE3) strain were obtained from
Novagen (Madisor, WI). The Chelating Sepharose Fast
Flow {agarose-1DA-Ni) resin affinity resin was obtained
from Qiagen (Hilden, Germany). The Coomassie blue
reagent for total soluble protein determination was pur-
chased from Bic-Rad (Hercules, CA). The tnolecular-mass
marker (LMW) and the Tricorn 107100 {10 x 100 mm)
chromatography celumn were purchased from Amersham
Pharmacia Biotech (Uppsala, Sweden). The protease
inhibitor  phenylmethylsulphonyl  fluoride (PM3E),
3.5-dimethoxy-4-hydroxycitnamic acid (sinapinic acid),
t-cyano-4-hydroxycinnamic acid (CHCA), lysozyme, and
the enzyme trypsin were purchased from Sigma Chemical
(St. Louis, MO}, All other chemical reagents used were of
the highest commercially grade avaifable.

Expression vector construction

The target ORF (XF1729) amptification for cloning into
PET32Xa/LIC was done in two steps by polymerase chain
reaction (PCR): the initial amplification of target ORF
from X, fastidiosa 9aSc strain was carried out using the
purified genomic DNA as the template and the 5'-GCG
GTCGGCAGCGTGTCG-Y (sense) and 5'-GCGGGC
CITTTGTCGTTTITCCTG-3'  (antisense) primers. The
amplification protocol consisted of a 3min denaturation at
94°C followed by 30 cycles of denaturation at 94°C for
1 min, annealing at 60°C for 1 min and 30s and final exten-
sion at 72°C for 2min. This first PCR product was used, as
a template, for the specific amplification with a pair of PCR
primers, 3-GGTATTGAGGGTCGCATGAAACTTGAT-Y
{sense} and 5'-AGAGGAGAGTTAGAGCCTCAACCGC
GTGG-3' (antisense), specifically designed to be cloned
into pET32Xa/LIC. The primers were designed to generate
products with vector cohesive overhangs (in bold). In this
second amplification, we used the same amplification pro-

2 DrT.M. Penning, 2 founding member of the nomenclature system for
the AXR superfamily, personal communication.
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tocol, except for the annealing temperature that was 55°C,
The amplified IDNA fragments were analyzed on 1% aga-
rose gel. The biunt-ended PCR products were purified,
treated and cloned in the linearized pET32Xa/LIC vector
according to the vector manufacturer’s protocol [16] The
pET32Xa/LIC vector is designed for the expression of the
recombinant protein fused to the 109 amine acid thiore-
doxin {11.7kDa), a six amine acid His-tag and 15 amino
acid S-tag sequences upsiream to the cloning site The
fusion tags together have a molecular mass of 17.6kDa, a
theosetical pl of 5.95, and they can be removed from the
recombinant target protein by protease cleavage using the
factor Xa {18].

The recombinant plasmids were used to transform com-
petent E. coli DH5 cells, using a slightly different method
to the standard polyethylene glycol (PEG) method {71 The
standard method describes a heat shock step when cells are
kept at 42 °C for 30s. The high temperature step was substi.
tuted by letting the cells stand at room temperature for
10 min. Cells were cuitured overnight at 37 °Cin Luria-Ber-
tani broth (LB) plates containing 50 pg/mE ampicillin. The
volonies were individually stored at —70°C in a permanent
2¥T+HMFM broth {18] and checked by PCR. The ORF
KE1729 insert of pET 32Xa/LIC plasmid was sequenced to
verify the correct nuclectide sequence.

Protein expression and purification

The E. cofi strain BL2I{DE3Y) cells were transformed
with recombinant plasmid and cultured in 3.0mL LB broth
added to 50pg/ml ampiciilin, grown overnight at 37°C
and 300rpm. This pre-innoculum was then transferred to
0L of LB broth containing ampicillin at the same concen-
tration and grown to ODgy, of 0.8, At this point, the cells
were induced with an addition of 5.6 mM lactose, at 37°C,
for 4h and with shaking at 300 rpm. The cell pellets were
resuspended in adsorption buffer (300mM NaCl, 0 mM
Tris-HCI, pH 7.5) containing PMSF and lysozyme to con-
centrations of 1.0mM and 1.0mg/mL, respectively. Then
the suspension was sonicated, clarified by centrifugation at
27,500g and the clear supernatant was used for protein
purification.

The two steps of chromatography purification were car-
ried out in the Tricorn 10/100 column (Amersham Biosci-
ences, USA), packed with 8ml, agaroseTDA-NI resin,
using an AKTA-FPLC System. In the first step, the column
was equilibrated with an adsorption buffer, containing 1 M
Nadl, and the clarified sample was applied to the column,
The resin was washed with this buffer, containing SmM
imidazole, and subsequently the heterolog protein was
eluted using a gradient (1-100%) of adsorption buffer, con-
taining 300mM NazCl and 300mM imidazole. The sample
containing the recombinant XF1719 was incubated with
trypsin (1%, whw — (L1 g per 10 ug recombinant protein) at
25°C for 20 min to separate the fusion tags of the protein.
The protease was inactivated by PMSF at i mM and the
sample was dialyzed against the adsorption buffer to
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prepare for the next purification step. The final step of puri-
fication was performed equilibrating the column with the
adsorption buffer, containing 1 M NaCl The column was
loaded with the sample (containing XF1729 and the
cleaved fusion protein) and the flowthrough proteins
(XF1728) were collected. Bound proteins were eluted using
a gradient (1-100%) of adsorption buffer, containing
300mM NaCl and 300 mM imidazole.

Molecular weight and protein concentration determination

The pwity and molecular weight were estimated by
SDS-polyacrylamide ge! eletrophoresis (SDS-PAGE) was
performed using a 4% stacking gel and a 12% separation gel
aceording to Laemmbi [19]. The use of gel filtration chroma-
tography for the determination of the molecular mass,
shape and oligomeric structure of the purified protein was
performed using a pre-packed Superdex 75 HR10/30 col-
wmn from Pharmacia Biotech (Uppsala, Sweden). The
preparation of a calibration curve was carried out using the
Low Molecular Weight Gel Filtration Calibration Kit, also
from Pharmacia Biotech. The column was equilibrated with
50mM Tris—HCI, pH 7.5, containing 300mM NaCl The
protein sample at a concentration of about 2mgiml was
injected using a 100uL sample loop. The protein elufion
volume needed for molecular mass determination was
obtained from the UV chromatogram recorded by the
AKTA-FPLC system used.

The total soluble protein conceniration was assayed
according to the method presented by Bradford {1978},
using bovine albumin serum as the protein standard [201.
More accurate estimations for purified XF 1729 were made
based on absorbance at 280 nm, using a calculated extine-
tion coefficient of 1,190g L™ cm™, based on the method
deseribed by Pace and Schimids [21).

Identity confirmation of the XF1729 protein

In order to verify the correct amino acid sequence of the
XF1729 protein, mass spectrometry and N-terminal
sequencing were carried. The purified protein XF1729 mass
spectrometric analysis was carried out using matrix-assisted
laser-desorption time-of-flight {(MALDI-TOF} MALDI-
LR mass spectrometer (Micromass, USA). The trypsin-
digested protein and intact protein were analyzed in the
spectrometer using reflecting and linear modes, respec-
tively, according to the equipment manufactarer’s instruc.
tions. The matrixes used for trypsin-di gested {peptides) and
imtact protein samples were CHCA and sinapinic acid,
respectively, The masses of monoisotopic peaks with refa-
tive intensity higher than 5% of the most intense peak in the
spectrum were used for comparison to a theoretical diges-
tion of the protein by trypsin. This was carried out using
the MS-Digest program {(http:fprospector.ucsfedu). The
N-terminal sequencing was done with the purified protain
loaded in a 12% SDS-polyacrylamide gel, eletroblotted
onto a PVDF membrane (Bio-Rad, Hercules, CA} using

the transfer buffer (0.29% glycine; 0.58% Tris—HCL; (.037%
SDS; 20% methanol) and stained with Pounceau corant. A
portion of the stained 31kDa protein was excised and
loaded onto a Protein Sequencer PPSQ-23A {Shimadzu,
Japan} according to the equipment manufacture’s
protocols.

Circular dichroism (CD) spectroscopy

In order to estimate the protein’s secondary structure,
the CD spectra of the fully purified protein, free of highly
scattering particles, was studied. Far-UV CD spectra were
generated using a 1mm pathlength cuvelie containing
2006 uL XF1729 protein sampie at 0.1 mg/mL in 51nM Tris-
HCl buffer pH 7.5 at 20°C, The assays were carried out in a
Jasco 810 spectropolarimeter {Japan Spectroscopic, Tokyo,
Japan}. The spectrum was presented as an average of four
scans recorded from 190 to 250 nm, at a rate of 20 nm/min.

Enzyme assay

The enzymatic activity was measured spectrophotomet-
rically in a thermostated Hewlett—Packard 8453 spectro-
photometer at 25°C. Aldo-keto reductase activity was
determined by measuring the oxidation of NADPH at
340nm  using a molar extinction coefficient of
6220M ' cm™! and pr-glyceraldehyde as the substrate. The
assay conditions were as follows: 50mM K,HPO,, 16mM
KCl and 0.5mM EDTA at pH 7.0. The concentration of
NADPH was kept constant at 250 uM in all experiments
and the concentration of purified XF1729 was 0.48 uM.
Twenty measurements were obtained in 2 substrate concen-
tration range of 0.5-80mM for prL-glyceraldehyde and
0.02-1 mM for 2-nitrobenzaldehyde. The values for X, and
Koo were determined by a non-inear curve fitting of the
data to the Michaelis-Menten eguation with the program
Origin (Microcal).

Smali angle X-ray scattering

Small angle X-ray scattering experiments were per-
formed at the SAXS beamline of the Laboratério Nac-
ional de Luz Sincrotron (LNLS) in Campinas, Brazil, The
wavelength vsed in the experiments was 1488 A, and the
experimental setup included s temperature-controlied
{157°C) capillary tube sample holder [22] and a linear posi-
tion sensitive detector. Solutions of purified X¥1729 pro-
tein at a concentration of 2.39mg/mL were used in the
experiments. The buffer sclution used was 10mM Tris-
HCl, pH 75, A 10mg/ml albumin protein solution
(67 kDa), measured in the same experimental conditions,
was used as a secondary standard for molecular weight
determination. Two samples to detector distances were
used (933 and 336 mm), which gives a measured g range
{g={nlh) sin (), 1=wavelength and 2§=scattering
angle} equal to 0.0112A " <g<0. 2226 A7 The data
treatment of the scattering intensity was carried out using
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the software package TRAT1ID [23}, performing the usual
correction for detector homo geneity, incident beam inten-
sity, sample absorption, blank subtraction, intensity aver-
aging and the experimental error values. Data analysis
and model calculations were performed using the GNOM
{24]. GASBOR {25}, DAMAVER [26] and CRYSOL [27}
comaputer programs.

Results and discassion
Strategy for XF1729 cloning and expression

The pET32Xa/LIC-XF1729 construction was success-
fully transformed into the BL21(DE3) strain, Therefore, the
overexpression level of the recombinant protein was tested
under various conditions. The induction of the protein
expression was most efficient when induced for 4h at 37°C
with a lactose concentration of 5.6mM, Approximately
bmg of soluble protein was obtained from 1L of the
induced bacierial culture. However, SDS-PAGE analysis
indicated that the recombinant XF1729 protein was partly

expressed in the soluble fraction and partly as inclusion
bodies.

Protein purification and molecular weight determination of
XF1729

A high amount of relatively pure recombinant protein
containing the His-tag was recovered from the lysed extract
in the first purification step using immobitized metal affinity
chromatography (Fig 2, lanes 2-4). The elution fractions
contained the recombinant protein and a few impurities
which could be completely eliminated in the last purifica-
tion step. Approximately 3mg of purified fusion recombi-
nant protein per liter of initial bacterial broth were
recovered at this step.

28.1-

144

147

Subsequently, in the first purification, the cleavage of the
N-terminal fusion tags from the target protein was per-
formed by trypsin proteolysis due to the poor efficiency of
the factor Xa. The fusion tags were successfully removed
from XF1729 by trypsin cleavage. Analysis on SDS-PAGE
of the proteolysis products are shown in Fig. 2 (lane 5} as
two bands: the XF1729 (31kDa) and the fusion tags
{17.6 kDa). The N-terminal sequence of the cleaved protein
was found to be: MELDASLSGQFAIGG confirming its
correct identity and the cleaved site of trypsin, The N-tex-
minal sequencing was very important because ii showed
that trypsin protease completely removed the fusion tag
proteins.

The second chromatographic step was performed to sep-
arate the fragment containing the tags and the target pro-
tein. In this case, the purified X¥1729 was coflected in the
flowthrough fractions (Fig. 2, lane 6). The contaminant
protein was also separated from the target protein during
this step (Fig. 2, fane 7). The result indicated that the sepa-
ration was achieved, since the flowthrough fractions were
virtually free from proteins containing His-tag. These
fusion tags were bounded in the column (Fig 2, lane 73 The
final amount of purified recombinant XF1729 obtained was
approximately 1.6mg/L of initial bacterial broth. Finally,
the molecular mass of the purified protein determined by
mass specirometry was 31,023 Da, which is close to the the-
oretical value calculated from the primary amino-acid
sequence {31,442 Da).

Sequence and secondary structure comparisons

The alignment of the X¥1729 primary sequence with
two structure solved proteins from B, subrilis, AKRIIA
and AKRI1IB, revealed many interesting features (Fig. 1).
First, the three analyzed sequences have a similar molecular
mass of about 35kDa. Second, the active site architecture

+— Reconbinant XF1729 {48kDa}
+— KF1729 protein (31kDg)

+— Contaminant protein

#4— Fusion tags (17kDa)

Fig. 2. SD8-PAGE of the frastions collected duzing the purification steps of the recombinant XF1729. Lane 1, melecular mass markers; lane 2, extract
Fro‘m bacterial lysis loaded onto the affinity chromatography column; lane 3, fow-through extract; lane 4, Fraetion collected during the clution step at
xmlda_zo]e: concentration of approximately 100 mM, containing the recomubinan: protein (XF1729 + fusion tags); and lane 5, proteins resulted from lmited
try;?sm digestion step for the X¥1729 separation from fusion tags. This fraction was loaded onto the affinily chromatography column to promote final
Pupﬁcation of the XF1729; lane 6, flowthrough fraction of the final purification step containing the XF1722 protein; lane 7, proteins cluted at 200 mM
imidazole concentration containing the fusion tags and contaminant protein. Separation gel of 12% acrylamide concentration.
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Fig. 3, Circular dichroism spectrum of the purified recombinant XF1739.
The spectrum was recorded at 20°C and a protein concentration of 0.3

mgfmL in SmM Tris buffer, pH 7.0, Data were collected using an average
of 4 scans per replicate.

of the AKRs making up the catalytic tetrad Asp-53, Tyr-58,
Lys-84 and His-125 (numbered according to the AKR] 1A)
is observed also in the XF1729 protein. Moreover, the dis-
tributions of essential amino acid residues involved in
cofactor binding are quite similar among the compared
proteins. Third, the secondary structures predict contents
are very close to both the AKR11A and AKR11IB, being
that the structural motif core {a/B) barrel is a notable char-
acteristic among members of AKR family.

It order to investigate the structural integrity and sec-
ondary structure contents of the purified XF1729, the pro-
tein wus analyzed by CI) spectroscopy. The CD spectrum
resuit is shown in Fig. 3 and indicates that the recombinant
XF1729 contains a substantial amount of secondary struc-
ture. The protein presented a predominant signal of o-heli-
ces, with a positive band around 192nm and negative ones
at 209 and 222 nm. This result is in agreement with second-
ary structure prediction from the PSIPRED program
(hetp://bioinf.cs.uclacuk/psipred/psiformhtmi) that esti-
mated 41.2% of o-helices and 19.6% p-strands for the
XF1729 protein.

Kinetic resulty

The kinetic results show that the XF1729 has aldo-keto
reductase activity and can use NADPH as a cosubstrate.
The NADPH-dependent reductase activity of XF1729 has
been confirmed with pL-glyceraldehyde and Z-nitrobenzal-

Table |

Elinetic parameters of XF1729 proteiy

Subsirate K (mM) K 7H
pL-Cyceraldehyde B20+ 098 156
2-Nitrobelzaldehyde ¢.15 40,004 11.74
NADPH 0.012 £ 0.002 2.08

dehyde substrate {Table 1). However, the catalytic efficiency
{K /K, for 2-nitrobenzaldehvde substrate was more than
250-fold higher than that for py-glyceraldehyde substrate,
Some AKRs have been shown to use NADH, however, no
activity was observed in XF1729 when assayed with this
potential cosubstrate. Furthermore, XF1729 is unable to
oxidize glucose with NADP as a cosubstrate,

Thus, comparing the activity with other AKRs by kinet-
ics parameters, we verified that the X¥1729 protein {classi-
fied as AKRI3BI1} is able to reduce the standard AKR
substrate pL-glyceraldehyde like both the AKRI11A and
AKRIIB enzymes. However, the YakC, a founding mem-
ber of 2 13th AKR family, showed no measurable activity
with this substrate, but in contrast, the same enzyme exhib-
ited an excelient activity with 2-nitrobenzaldehyde as did
XF1729.

SAXS results
The experimental scattering intensity as a function of the

modulus of the momentum transfer vector ¢ is shown in
Fig. 4A. The theoretical fit was done using the GNOM soft-
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Fig 4. {A} Bxperimental scattering intensity and theorstical fit (B) Pair
distance distribution fupctien p{f) calcatated from the scattering intensity.
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ware [24]. This program also calculates the inverse Fourter
transform of the seattering intensity giving the pair distance
distribution function p(r) shown i Fig. 4B. From the com-
parison of the extrapolated zero angle scattering intensity
value, given by the theoretical fit for the XF1729 protein
and albumin scaftering intensity, we obtained 2 value of
(34 + 2y kDha for the XF1729 protein molecular weight. This
value is in very good agreement with the expected molecu-
lar weight {31.4 kDa) indicating that the protein is in mono-
meric form in solufion. Also, from the theoretical fit, we
obtained (27.5x0.8) and ~90A values for the particle
radius of gyration and pasticle maximum dimension,
respectively. The plr) function gives the indication that the
protein possesses quite an elongated prolate shape.

We performed ab initie calculations {o obtain more
information about the proiein shape. The modeling sirai-
egy used was based on chain like models. Starting from a
spherical arrangement of a dummy backbone with the same
aumber of protein residues, the GASBOR program uses
simulated annealing optimization to search for the residues
conformation that best fits the experimental data, From the
low information nature of the SAXS technique, it is not
possible to retrieve a unique solution from this modeling
procedure. Due to this, we performed an average of the
ab initio models in order to retrieve the most probable con-
figuration, using the DAMAVER program [26]. In this pro-
cedure, the ab initio models are compared with each other
by the SUPCOMBE alignment program [28] and the models
thaf have higher similarity are averaged. The most probable
sonfiguration is space-filled with a close packing of spheres.
From a set of 10 independent models, we retrieved a most
probable sofution, shown in Fig. 5A, from the averaging
process with spherical subunits radii of 2.25A. As previ-
ously indicated by the p(r} function, the protein has an
anisotropic shape, but from the model we can see that it has
a transversal diameter of ~30 A with 2 well-defined heavier
domain in its conformation. One of the fits is shown in
Fig. 5B {solid line). Ir all cases, the ab initio calculations
show a very good fit with y < 0.5 {data not shown),

In order to compare the XF172% protein with its simi-
lar sequences, we choose the AKR1] A erystailized protein
with the highest alignment score (~30% sequence identity
- PDB entry 1PYF) and compared it with our resuits.
Using the atomic coordinates from & PDB file, the CRY-
SOL program [27] was used to fit the experimental SAXS
data, varying the protein excluded volume and hydration
shell electronic contrast. The resulting fit of the XF1728
scattering data by the 1PYF crystallographic structure is
shown in Fig. 5B (dashed line). The differences between
the scattering intensity calculated for the erystallographic
structure and that of the experimental data are the origin
of some differences in the three-dimensional structure of
the XF1729 protein and AKR1l1A Fits using proteins
with lower identity scores give similar (or worse) results
{data not shown). The structural differences can be better
seen in Fig. 5C where the resulting ab initio model {trans-
parent spheres} was superposed with the 1PYF crystatlo-
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Fig. 5. (A) Most probable model for X¥1729 protein given by a spatial
average of 10 indepsndent ab fnitic mode! calonlations. (B) Fit by one
model (solid ling) and by the crystallographic strueture 1PYF {dashed
tine}. () Superposition of the crystallographic structure from 1PYF (selid
spheres) and the SAXS model for XF1728 {transparent sphereg).

graphic structure (solid spheres). It is interesting to note
that the above mentioned heavier domain of the ab initio
model is very similar to part of the crystallographic struc-
ture, differing in the final portion where the XF1729
ab inttio model presents a longitudinal arrangement con-
trasting with the more globular arrangement of the crys-
talfographic structure. This test may not be conclusive,
but it is quite interesting to note that the proteins have a
high shape similarity even for a low (~30%) sequence
identity.
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Oligomerization analysis

It is known that AKRs are typically monomeric proteins
of abeut 35kDa, but dimeric and tetrameric members do
occur. In view of this fact, we investigated the oligomeric
structure of the XFI1729 protein. The molecutar weight
determined by gel filtration chromatography was 62kDa,
corresponding to double the molecular weight found in
mass spectroscopy assays {~31kIxa), datz not shown
Although the resnits seem to indicate that the protein forms
oligomers in the observed conditions (S0 mM Tris-HCI, pH
7.3), it is well known that elongated proteins give higher
molecular weight values in these kinds of experiments. In
this way, we have another indication that the XF1729 pro-
tein has a prolate shape, in agreement with the SAXS
resuits.

Finally, our resuits showed that the protein is quite stable
at room temperature and remained folded throughout the
purification process, being suitable for erystallization studies
aiming at three dimensional structure determinations. Also,
from the scattering results and model calculations, we have
the indication that the general protein shape is in some
aspects similar to the proteins from AKR 11 family.

Conclusion

This is the first repori of a putative aldo—keto reductase
from the X. fastidiosa plant pathogen. In this work, the target
protein was cloned, expressed in the soluble form and the
expressed protein established its methods of purification, The
protein was purified in two steps by immobilized metal affin-
ity chromatography {agarose-IDA-Ni resin). Subsequently,
its purity and identity were verified by SDS-PAGE, N-termi-
nal sequencing and mass spectrometry. Its correct folding
was verified by circular dichroism spectroscopy analysis that
indicated & secondary structure composed mainly of a-heli-
ces, despite some short B-strands also seeming to be present.

Small angle X-ray scattering measurements furnish the
general structural parameters for this protein (radius of gyra-
tion, maximum dimension and molecular weight) leading to
the conclusion that the protein is a monomer in the solution.
This indicates that the solution state of the XF1729 protein is
different from the PadA similar enzyme from E, coli, which
forms dimers under similar conditions. In addition, the initial
characterization by gel filtration chromatography assays
showed that the protein has an elongated shape, in agree-
ment with the SAXS results. Moreover, the kinetics resuits
show that the enzyme has an aldo—keto reductase activity
aliowing It to be classified as the AKRI3BI. Several
unknown function proteins were found to belong to this
family, therefore the natural substrate of these enzymes,
including XF1729, should be elucidated,
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Resuitados Complementares

5. RESULTADOS COMPLEMENTARES

5.1. TESTES DE CRISTALIZACAO DA PROTEINA XF1729

Amostras da proteina XF1729 purificada foram submetidas a testes iniciais de
cristalizagio utilizando-se os kits comerciais Crystal Screen I e Il {(Hampton Research) através do
método de sitting drop, a temperatura de 18°C. Em uma das condigbes do &it Crystal Screen Ii
testadas (1,6 Hexanodiol, pH 4,5) observou-se o surgimento de esferolitas, representando um
ponto de partida para o refinamento com a finalidade de obter cristais. Para tanto, Iniciou-se ©
primeiro refinamento da condigiio em que foram enconiradas as esferolitas, fazendo-se um
gradiente de pH de 4 a 9. Apds 48 horas as placas foram inspecionadas, verificando a presenca
de esferolitas em todas as condicbes de pH testadas, embora no intervalo de pH entre 75 ¢ 9.0
(Fig. 5) a gota estivesse translicida, com esferolitas, mas sem precipitado ao redor, indicando

que a proteina se compotta melhor em pHs maiores.

. . -

Figura 5: Esferolitas da proteina XF1729 encontradas no tamp3o 1,6 Hexenodiol A) pH 7.5 B}
pH 8,0 C) pH 8,5 D) pH 9.0
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Amostras da protefna XF1729, purificada e complexada ao cofator NADPH, foram
submetidas a testes de cristalizagio utilizando-se os kits comerciais Crystal Screen I ¢ I
{Hampton Research), /B Screen de 1 a 10 (Jena Biosciense) e Salt Rx [ e II (Hampton Research),
atraves da téenica de difuis@o de vapor por hanging-drop. A temperatura de cristalizago testada
foi de 18°C.

Todos os testes foram feitos adicionando-se 1,5 ul da proteina a 12 mg/ml, 0,4 ul de
NADPH a 50mM e 1,5 ul da solugfio do pogo para a formagsio da gota. A gota foi suspensa sobre
100 g de solugdo contida no pogo.

Apos a realizagio dos testes de cristalizagio da proteina complexada ao NADPH,
observou-se a formagdo de cristais nas seguintes condigdes:

a) Kit JB Screen 9, condigiio C3: 1,6 M de tartarato de sédio/potassio, 0,1 M de Na MES, pH
6.5;

b) Kit Salt Rx I, condigio D3: 1,2 M de citrato de sédio, 0,1 M de Bis-Tris propano, pH 7,

¢) Kit Salt Rx II, condigdio B4: 1.8 M de fosfato de sédio/potassio, pH 8,2;

d) Kit JB Screen 3, condigiio D6: 32% PEG 4000, 0,8 M de cloreto de litio, 0,1 M de Tris-HC1,
pH 8.3

Us cristais obtidos nas condigdes a, b, e ¢ foram corados com azul de metileno
(comercialmente conhecido por IZIT), confirmando que eram cristais de proteina e néo de sal
(Fig. 6). Na condicdo d, obtivemos cristais de sal identificados pela n#o coloracdo pelo corante
{vide Fig. 6G). No entanto, nfio observamos em nenhuma das condigBes a formacgio de um unico
cristal, necessdrio para a coleta dos dados de difragio de raios-X. A qualidade dos cristais
obtidos dever ser otimizada através da variagio de temperatura, pH, concentragdo de sais e

precipitantes, a fim de obter um monocristal adequado para os testes de difrac#o.
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E F G

Figura 6: Fotos dos cristais obtidos nos ensaios cristalograficos da proteina X¥ 1729 complexada
ao cofator NADPH. Cristais de proteina corados com 1ZIT: A-F. A) Condiciio D3, kit Salt RX I,
B) Condigdo B4, kit Salt RX II. C) Ampliagéo dos cristais situados na parte superior da foto B.
D} Ampliagdo do cristal situados na parte inferior da foto B. E) Condicdo C3 JB Screen 9. F}
Ampliagdo do cristal da foto E. G} Cristal de sal obtido na condigdo D6, kit JB Screen 3.
Observa-se que a adicfo do IZIT nfio corou o cristal. '

5.2. ENSAIOS DE EXPRESSAO E PURIFICACAO DA PROTEINA CODIFICADA PELA ORF XF1934

A ORF X¥1934, de 595 pb, codifica uma proteina Hetl de 22,4 kDa e 197 residuos de
aminodcidos. Estudos mostram que esta proteina requerida para a manutengfio do crescimento
vegetativo (Black & Wolk, 1994}, uma vez que desempertha um papel fundamental na sintese na
da membrana biolégica da célula.. Um trabalko recente de resolugdo da estrutura tridimensional
in silico mostra que esta enzima Hetl ¢ uma das duas enzimas essenciais para sintese de dcidos

graxos via acetato na bactéria (Osiro ef af, 2004),
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A sequéneia correspondente a ORF XF1934 foi clonada no vetor pET32Xa/LIC
{Novagen). A indugfio da expressdo da proteina heterdloga foi feita em linhagem de E. coli
BL21(DE3) a temperatura de 37°C, sob agitacio de 300 rpm e 5,6 mM de factose. Apos 4 horas
de Indugo a cultura foi centrifugada e as células separadas para a extraglo protéica. As células
foram ressuspendidas em tampdo (Tris HCI 50 mM, NaCl 300 mM, pH 7,5) e rompidas através
da adicfio de lisozima (1 mg/ml) e sonicagio, adicionando-se ao extrato inibidor de protease
PMSF (Phenyimethylsulfonyl{luoride) a imM. O extrato foi cenirifugado ¢ o sobrenadante
(extrato soltivel} utilizado para carregar 1,5 ml de resina agarose-Ni (Ni-NTA, Quiagen, EUA). A
proteina hetercloga foi capturada pela cromatografia de afinidade, como mostrade na Figura 7,
sendo eluida desde concentracles mais baixas de imidazol, juntamente com grande quantidade
de contaminantes, até concentragSes mais altas de imidazol em que a proteina é eluida com

menos contaminantes.

Figura 7: Gel SDS-PAGE 12% apresentando os resultados da expressdo & purificacio de 500 m!
de cultura da proteina heteréloga XF1934 (~40kDa}. Legenda. PM; marcador de peso molecular
em kDa; 1. Exfrato da lise bacteriana, 2 ¢ 3: Extrato que passou pela coluna de afinidade; 4:
Lavagem com tampfio sem imidazol, §: Eluiciio com 10 mM de imidazol; 6: Eluigfio com 50 mM
de imidazol; 7: EluigBio com 100 mM de imidazol; 8 e 9: Eluigiio com 200 mM de imidazol.
Proteina indicada pelo circulo vermelho.
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A amostra eluida com 200mM de imidazol foi dialisada e utilizada para os testes de
proteolise para a remogdo da protefna de fusdo de aproximadamente 17 kDa. O ensaio de
protedlise realizado testou a eficiéncia da enzima fator Xa (Novagen) 2 0,1; 0,2 ¢ 0,5 U/ul A
reagfio fo1 feita em tampéo Tris HCI 50 mM, NaCl 100 mM, CaCl2 5 mM, pH 7,8, contendo 10
ug da proteina heterologa XF1934 ¢ fator Xa para cada concentrago testada. Aliquotas de cada
reago foram retiradas nos intervalos de tempo de 2, 8 e 16 horas ¢ analisadas em gel de SDS-
PAGE (Fig. 8). O teste apresentado mostrou que a protease (fator Xa) cliva inespecificamente a
proteina heterdloga, verificando-se a formago de um produto de maior peso molecular que o

esperado.

66.
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Figura 8: Gel SDS-PAGE 12% apresentando os resultados do ensaio de hidrélise da proteina
XF1934 utilizando fator Xa, a iemperatura ambiente. Foram estudadas trés concentragtes de
enzima e irés diferentes tempos de reagfio de hidrolise. Legenda; PM: marcador de peso
molecular em kDa; 1, 2 e 3: Controle negativo contendo proteina sem a protease, nos tempos 2, §
¢ 16 h, respectivamente; 4: pogo vazio; 5, 6 e 7: Proteina na presenga de 0,1 U/l de fator Xa,
nos tempos 2, 8 e 16 h, respectivamente; 8, 9 ¢ 10: Proteina na presenca de 0,2 U/l de fator Xa,
nos tempos 2, § ¢ 16 h, respectivamente; 11, 12 e 13: Proteina na presenca de 0,5 U/l de fator
Xa, nos tempos 2, § e 16 h, respectivamente. O circulo azul indica a proteina heteréloga XF1934,
ndo clivada.
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5.3. ENSAIOS DE EXPRESSAO DA PROTEINA CODIFICADA PELA ORF X¥F1532

A proteina codifica pela ORF XF1532 apresenta 325 residuos de aminodcidos em sua
seqiiéncia e um peso molecular predito de 36,8 kDa. O alinhamente de sua sequiéncia primaria
revelou 74% de similaridade com o produto de gene oxyR de Xanthomonas campestris,
conforme anilise extraida do programa BLASTP (www.ncbinlmnih.gov). Este gene (oxyR)
codifica um regulador transcricional de estresse oxidativo. A proteina OxyR de £. coli pertence &
familia LysR de reguladores transcricionais (Tao ef al., 1989}, j4 tendo sido purificada e
caracterizada (Tao e al., 1991) ¢ resolvida sua estrutura tridimensional (Choi ef af., 2001). No
entanto, sua similaridade com a proteina codificada pela ORF XF1532 de X, fastidiosa ¢ inferior
a 44%. A familia de proteinas LysR se caracteriza por se ligar a0 DNA ¢ a proteina OxyR
apresenfa uma fungfo regulatéria, sendo um ativador transcricional de genes importanies na
defesa contra o estresse oxidativo. Na presenca de perdxido de hidrogénio, OxyR induz a
expressio de inlimeros genes envolvidos no processo de detoxificagiio da bactéria.

A ORF X¥1532 foi clonada no vetor pET32Xa/LIC (Novagen) e a expressdo da proteina
heterbloga foi testada em diferentes linhagens de E. coli; BL21(DE3), BL2I{DE3)pLysS ¢
BL21-S8I, consideradas linhagens padrio de teste.

Inicialmente, testou-se a expressio da proteina heterologa XF1532, de aproximadamente
55 kDa, na linhagem de expressdo BL2I{DE3). As células contendo o plasmideo foram
cultivadas 4 37°C em meio LB com ampicilina até atingir uma absorbéncia (Asoomm) de 0,6. Neste
ponto foi adicionado o indutor IPTG na concentragdo final de 1mM. As células foram coletadas
nesie momento e apos 1, 2, 3 e 4 horas de indugfo. Em seguida realizou-se a preparacio dos

extratos (soluvel ¢ insolGvel) para avaliagdo dos niveis de expressio em géis de poliacrilamida
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(SDS-PAGE). Nestas condigBes verificou-se um alto nivel de expressdo da proteina heterdloga

XF¥1532 (aproximadamente 55 kDa) no extrato insoltivel, como apresentado na Figura 9.

3 Mg 11 12
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20.1

14.4

Figura 9: Gel SDS-PAGE 12% apresentando o padriio de expressio da proteina heterdloga
XF1332 nas fragBes solavel e insolivel. A linhagem testada foi BL2UDE3) a 37°C ¢ 1mM de
IPTG. Legenda: PM: marcador de peso molecular em kDa; 1e 7: marcador de peso molecular; 2,
3,4, 5 e 6: Extrato da fracdo solavel em 0, 1,2, 3 e 4 horas de inducdo, respectivamente; 8, 9, 19,
11 ¢ 12: Extrato da fragfio insolivel em 0, 1, 2, 3 e 4 horas de mndugdo, respectivamente. A seta
indica a proteina heteréloga XF1532 (~55 kDa) expressa na fracio insoltvel.

Em seguida, testou-se esta mesma linhagem de E.coli BL21(DE3), porém crescendo-a a
uma temperatura mais baixa (25°C), com o intuito de fazer com que a bactéria produzisse mais
lentamente a proteina heteréloga e assim tornasse a profeina solivel, nio havendo a formagéo de
corpisculos de inclusdo. No entanto, as proteinas continuaram insoliiveis. Novos testes de
expressdo em baixa escala foram realizados na linhagem hospedeira BL21(DE3)pLysS, induzida

com 1 mM de IPTG por 2 ¢ 4 horas, a 37°C. Verificou-se também a expressfio das proteinas

desejadas apenas no extrato insoltvel, embora em miveis mais baixos {Fig. 10}.
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Por ditimo, testou-se a linhagem BL21-8I utilizando um gradiente de concentragio do
induter (100, 300 e 500 mM de NaCl) a temperatura de 28°C ¢ a 15°C (overnight), mas nenhuma

alteragio significativa foi verificada em nenhuma das condicdes testadas.

PM
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Figura 16: Gel SDS-PAGE 12% apresentando o padrio de expressdo da protefna heteréloga
XF1532 nas fragBes sohiivel e insolivel. A linhagem testada foi BL2K{DE3)pLysS a 37°C ¢ ImM
de IPTG. Legenda: PM: marcador de peso molecular em kDa; 1e %: marcador de peso molecular;
2, 3 e 4: Extrato da fragfio solavel em 0, 2 e 4 horas de indugdo, respectivamente; 6, 7 e 8:
Extrato da fragfo insolivel em 0, 2 e 4 horas de indugdo, respectivamente. A seta indica a
proteina heteréloga XF1532 (~55 kDa) expressa em menor quantidade na fragio insoltvel.
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6, PERSPECTIVAS

6.1. PROTEINA XF1729 (AKR13B1)

— Refinamento das condigBes em que foram encontrados cristais protéicos com a
finalidade de obter um monocristal adequado para a difrago de raios-X, coletando-se os dados ¢
pardmetros estatisticos necessarios a resolug8o da estrutura tridimensional.

— Ensaios funcionais in vivo através do uso de anticorpos policlonais, avaliando as
condigBes em que a enzima ¢ expressa.

— Estudo dos possiveis substratos naturais

6.2, PROTEINA XF1934

— Ensaios de novas condi¢des de clivagem do fator Xa, de modo a se obter a remogéo
correta e completa da proteina de fusfo.

— Experimentos de protedlise limitada a fim de se detectar a presenca de algum dominio
estavel, resistente 4 protedlise, na proteina em estudo.

— Congluir seu processo de purificagdo com o objetivo de produzir grande quantidade de
proteina com alto grau de pureza para os testes de cristalizacio.

- Produgfio de anticorpos policlonais para estudos funcionais in vive.

- Caracterizagfio bioguimica funcional para elucidar seu papel no metabolismo de Xylella

Jastidiosa,
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6.3. PROTEINA XF1532

— Ensajos de extracdio em condicBes desnaturantes da proteina XF1532-Trx-His-STag,
purificacfio e reenovelamento.

— Clonagem em outros vetores de expressiio, como por exemplo: pET28a, pSV282 e
pETSUMO para expresso em diferentes linhagens de E. coli, testando a solubtlidade da proteina
fusionada a 6 residuos de histidina (pET28a), & MBP — Maltose Binding Protein (pSV282}, 2

proteina SUMO (pETSUMQ), respectivamente.
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7. CONCLUSOES

As AKRSs (dldo-Keto Reductases) sio uma crescente familia de oxidorredutases NADFPH-
dependentes (Jez et al, 1997) encontradas ao longo de todos os reinos e filos biologicos. Sdo
encontradas tanto em procariotos quanto em eucariotos, incluindo leveduras, plantas, anfibios ¢
mamiferos. Apesar de muitos dimeros e tetrdmeros terem sido caracterizados, os mernbros desta
superfamilia sfio tipicamenie proteinas monoméricas, de aproximadamente 33kDa, que
apresentam o dominio (afls-barrel (Fig. 11) ¢ que utilizam NAD(PYH) para catalisar a redugfio
de aldeidos, cetonas, monossacarideos, cetoesterdides, prostaglandinas e outros substratos
especificos. Além disto, o sitio catalitico destas enzimas contém uma tétrade caracteristica
formada por uma tirosina, uma lisina, um aspartato e uma histidina (Jez & Penning, 2001).

Originalmente, os membros desta superfamilia de enzimas eram identificados através dos
nomes dados as enzimas, 0s quais correspondiam & sua especificidade ao substrato. No entanto,
este sistema adotado gerou mtmeros problemas, sendo entdo criado em 1996 um sistema de
nomenclatura para organizar os membros desta superfamilia. Este novo sistema de nomenclatura
baseado na identidade da sequiéncia de aminoédcidos foi aceito no Eigth International Symposium
on Enzymology and Molecular Biology of Carbonyl Metabolism (Jez et ai, 1997), sendo um
meétodo consistente para registrar ¢ estabelecer novos membros & superfamilia AKR. O web site
www.med. upenn.edu/akr promove a atualizagfio da superfamilia AKR, onde as informagdes de
alinhamento de seqiéncias, nomes comuns, estrutura e potenciais membros sfo avaliados
(Hydman ef ¢/, 2003).

Atualmente, a superfamilia AXR contém maig de 120 membros que gstfio distribuidos em

14 familias (AKR1-AKR14). A familia AKR] ¢ a maior familia com um enorme nimmero de
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membros bem caracterizados. Em contrapartida, uma das mais recentes familias, AKR13, ¢
pobremente caracterizada através de estudos estruturais ¢ seus subsiratos naturais ainda
permanecem  desconhecidos, sendo representada por uma aldose redutase de

Schizosaccharomyces pombe (Morita et al, 2002).

Figura 11: O enovelamenio (ofsBarrel das aldo-ceto redutases {AKRs). (Fonte:
http://www.med.upenn.edu/akr/akr graphic.shtmf)

O trabalho realizado relata a primeira oxidorredutase da bactéria fitopatogénica Xylella
fastidiosa. O estudo de clonagem, expressﬁo em Escherichia coli e purificacdio da proteina
codifidada pela ORF XF1729 foi desenvolvido para sua caracterizacdo funcional e estrutural de
baixa resolugio. O alinhamento da proteina XF1729 com aldo-ceto redutases de estritura
tercidria conhecida permitiu desvendar caracteristicas interessantes: Primeiro, a semelhanca de
peso molecular (~35 kDa); Segundo, a arquitetura similar do sitio catalitico com a presenca da
tétrade catalitica (Asp, Tyr, Lys ¢ His) e a distribuicdo dos aminoacidos envolvidos na ligacdo ao

cofator; Terceiro, a composigio da estrutura secundiria predita ser extremamente proxima a
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composigfo das AKRs, a qual caracteriza-se pela presenga do enovelamento estrutural do tipo
{af3js-Barrel. Além disto, a composicio da estrutura secunddria da proteina XF1729, estimada
por espectroscopia de dicroismo circular, convalidou tais analises tedricas. As medidas de
espalhamento de raios-X a baixo dngulo (SAXS) forneceram os pardmetros estruturais, levando a
concluir que a proteina apresenta-se como um mondmero em solucéo, tal como a grande maioria
das AKRs. Por fim, os resultados de cinética enzimética mostraram que a proteina apresenta
tipica atividade de aldo-ceto redutase, permitindo ser classificada como AKR13B1.

Em suma, o trabalho realizado permitiu concluir que:

— O genoma da X. fastidiosa codifica uma 4KR funcional;

- A proteina codificada pela ORF XF1729 de X, fastidiosa ¢ uma enzima pertencente 4
superfamilia das aldo-ceto redutases (4KR Superfamily),

— Os resultados obtidos sugerem correges na anotacdo gendmica para esta ORF. Uma
vez que o produto génico da ORF XF1729 esta anotado no banco de dados do genoma da X.
Jastidiosa como sendo uma fenilacetaldeido desidrogenase;

~ A proteina XF1729 ¢ um membro fundador da sub-familia B, sendo classificada como

AKRI3RBI.

43



Referéncias Bibliogrdficas

8. RFERENCIAS BIBLIOGRAFICAS

Andrade M A, Chacén P, Merelo 1.J., Mordn F. (1993) Evaluation of secondary structure {?f
proteins from UV circular dichroism using an unsupervised newral network. Protein
Engeneering. 6:383-390.

Avery, S.V. (2001) Metal toxicity in yeasts and the role of oxidative stress, Advances in Applied
Microbiology 49:111-142.

Azzoni AR, Tada SFS, Rosselli LK., Paula D.P, Catani CF., Sabino A.A., Eberlin MN.,
Barbosa JAR.G, Guimarfes B.G, Medrano FJ., Souza AP (2004) Expression and
purification of a small heat shock protein from the plant pathogen Xylella fastidiosa. Protein
Expression & Purification. 33:297-303,

Bhattacharyya A., Stilwagen S., Reznik G, Feil H., Feil W.S., ef al. (2002). Draft sequencing and
comparative genomics of Xylella fastidiosa strains reveal novel biological insights. Genome
Research. 12:1556-63.

Black T.A., Wolk C.P. (1994) Analysis of a hef mutation in Anabaena sp. Strain PCC 7120
implicates a secondary metabolite in the regulation of heterocyst spacing. Jowrnal of
Bacterivlogy 181(20).6254-6263.

Blattner, F. et al. (1997) The complete genome sequence of Escherichia coli K-12. Science
277.1453-1474.

Brlansky R H., Timmer LW., French W.J., McCoy RE. (1983) Colonization of the sharpstoot_er
vectors, Oncometopia igricans and Homalodisca coagulata, by xylem-limited bacteria.
Phytopathology '73:530-535.

Carvalho MLV, Bereta M.J.G, Chagas C. M, Harakawa R, Palazzo D.A., Rosseti V. (1996)
Clorose variegada dos citrus: etiologia € manejo. S0 Paulo: Instituto Bioldgico, 1996. 13p
(Boletim Técnico, 3).

Catant C.F, Azzoni AR, Paula D.P, Siqueira S.F, Rosselli LK, Souza A.P, Yano T. (2004)
Expression and purification of the virulence-associated protein D of Xylella fastidiosa.
Protein Expression & Purification 37:320-6.

Chagas CM., Rossetti V., Beretta M.J.G (1992) Electron microscopy studies of a xylem —
limited bacterium in sweet orange affected with citrus variegated chiorosis disease in brazit,
Jowrnal of Phytopathology. 134:306-312.

Choi H., Kim S, Mukhopadhyay P.,, Cho S., Woo J., Storz G, Ryu $. (2001) Structural basis of
the redox switch in the OxyR transcription factor. Cell 105:103-113.

Chothia C., Lesk A M. (1986). The relation between the divergence of sequence and structure in
proteins. The EMBO Journal, 5:823-826.

49



Referéncias Bibliograficas

Coletta Filho HD., Machado M.A. (2002) Evaluation of the genetic structure of Xylella
Jastidiosa populations from different citrus sinensis varieties. Applied and Environmental
Microbiology 68(8):3731-3736.

Daniels ML.J., Collinge D.B., Dow I. M., Osbown AE., Roberts LN. (1987) Molecular genetics
of pathogenicity in phytopathogenic bacteria. Annual Review of Phytopathology. 25:353-359.

Dow J.M., Daniels M.J. (2000) Xylella genomics and bacterial pathogenicity to plants. Yeast
17:263- 271.

Dow J M., Feng 1. X, Barber C.E., Tang J.L., Daniels M.J. (2000) Novel genes involved in the
regulation of the pathogenicity factor production within the rpf gene cluster of Xanthomonas
campestris. Microbiology 146(4):885-891.

Fasman GD. (1996) Circular dichroism and the conformational analysis of biomolecules. New
York: Pienium Press.

Glatter O., Kratky O. (1982) Small angle X-ray scattering. Londres: Academic Press.
Goffeau A. er al. (1996) Life with 6000 genes. Science 274:563-567.

Gobeen A.C.; Nyland G, Lowe SXK. (1973) Association of a rickettsia-like organism with
Pierce's disease of grapevines and alfalfa dwarf and heat therapy of the disease in grapevines.
Phytopathology 63:341-345.

Grossmann J.G. (2007) Biological solution scattering: recent achievements and future challanges.
Jowrnal of Applied Crystallography 40.

He CX,, Li WB,, Ayres AJ. (2000) Distribution of Xylella fastidiosa in citrus rootstocks and
transmission of citrus variegated chlorosis between sweet orange plants through natural root
grafts. Plant Disease 84(6).622-626.

Hindman D., Bauman DR, Heredia V.V, Pemning TM. (2003) The aldo-keto reductase
superfamily homepage. Chemico-Biological Interactions 143-144:621-631.

Hopkins D.L. (198%) Xylella fastidiosa: xylem-limited bacterial pathogen of plants, Amnual
Review of Phytopathology 27 271-290.

Hopkins D.L., Mollenhauer H.A., French W.J. (1973) Occurrence of a rickettsia-like bacterium
in the xylem of peach trees with phony disease. Phytopathology 63:1422-1423.

Hopkins D.L., Thompson C.M., Wichman RL., ef al. (1995) Effect of inoculation of mature
citrus trees in the grove with Xylelia fastidiosa on citrus blight incidence. Proc. Florida. State
Horiculture Society 108: 103-106.

Hur E., Wilson, DK. (2000) Crystallization and aldo-keto reductase activity of Geylp from

Saccharomyces cerevisiae. Acta crystallographica, Section D, Biological crystallography
56:763-765.

50



Referéncias Bibliogrdficas

Jez JM., Flynn T.G, Penning TM. (1997) A new nomenclature for the aldo-keto reductase
superfamily. Biochemical Pharmacology 54:639-647.

Tez J M., Penning TM. (2001) The aldo-keto reductase (AKR) superfamily: an update. Chemico-
Biological teractions 130-132:499-525.

Johnson W.C. (1999) Analyzing protein circular dichroism spectra for accurate secondary
structures, Proteins: Structure, Function, and Genetics. 35:307-312.

Jornvall H., Hoog J., Persson B. (1999} SDR and MDR: completed genome sequences show
these protein families to be large, of old origin, and of complex nature. FEBS Lefter 445:261-
264.

Jommvali H., Persson B., Krook M., Atrian S., Gonzalez-Duarte R., Jeffery J., Ghosh D. (1995)
Short-chain dehydrogenases/reductases (SDR). Biochemistry 34:6003-6013.

Kataoka M., Shimizu S., Yamada, H. (1992} Distribution and immunological characterization of
microbial aldehyde reductases. Archives of Microbiology 157:279-283.

Keen N.T,, Dumenyo C K., Yang C., Cooksey D.A. {2000} From rags to riches: insights from the
first genomic sequence of a plant pathogenic bacterium. Genome Biology 1(3):1019.1-
1019.4,

Kelly S.M,, Jess T.J., Price N.C. (2005) How 1o study proteins by circular dichroism. Biochimica
et Biophysica Acta 1751:119-139.

Kelly S.M., Price N.C. (1997) The application of ciscular dichroism to studies of protein folding
and unfolding. Biochimica et Biophysica Acta 1338:161-185.

Kelly SM,, Price N.C. (2000) The use of circular dichroism in the investigation of protein
structure and function. Current Protein and Peptide Science 1:349-384.

Khurana 8., Powers DB, Anderson S., Blaber M. {1998) Crystal structure of 2,3-diketo-D-
gluconic acid reductase A complexed with NADPH at 2.1-A resolution. Proceedings of the
National Academy of Sciences of the United States of America 95:6768-6773.

Lambais MR, Goldman M.H., Camargo L.E., Goldman GH. (2000) A genomic aproach to the
understanding of Xylella fastidiosa patogenicity. Curvent in Microbiology 3(5):459-462.

Lee H. (1998) The structure and function of yeast xylose (aldose) reductases. Yeast 14: 977-984.
Lee J M. (1992) Biochemical Engineering. New Jersey: Prentice Hall.

Lee RF, Derrick K.S.,, Beretta MJ.G, Chagas CM., Rosetti V. (1991) Citrus variegated
chlorosis: a new destructive disease of citrus in Brazil. Citrus Industry 72(October); 12-15.

Lehninger A L., Nelson D.L., Cox MM. (1993) Principles of biochemistry, Second edition. New
Yorl: Worth Publishers.

51



Referéncias Bibliograficas

Lipfert J., Doniach S. (2007) Small-angle X-ray scattering from RNA, protein, and protein
complexes. The Annual Review of Biophysics and Biomolecular Structure 36:307-327.

Machado E.C., Quaggio J A, Lagda A MM A, Ticelli M., Furlani P.R. (1994). Gas exchange
and water relations of orange trees with citrus variegated chilorosis. Revista Brasileira de
Fisiologia Vegetal 6.53-57.

Machado M A, Souza A A., Coletta Filho H.D,, Izioka E.E.K., Takita M.A. (2001) Genome and
pathogenicity of Xvlella fastidiosa. Molecular Biology Today 2(3):33-43.

Manavalan P, Johnson Jr. W.C. (1987) Variable selection method improves the prediction of
protein secondary structure from circular dichroism spectra. Analytical Biochemistry 167:76-
85.

Marnett L.J., Hurd HX., Holistein M.C., Levin D.E., Esterbaver H., Ames B.N. (1985) Naturally
occurring carbonyl compounds are mutagens in Salmonella tester sirain TA104. Mutation
Research 148.:25-34.

McElrone A Y, Sherald J L., Forseth I.N. (2001) Effects of water stress on symptomatology and
growth of Parthenocissus quinguefolia infected by Xvlella fastidiosa. Plant Disease 85(11):
1160-1164.

Michelmore R. (2000) Genomic approaches to plant disease resistance. Current Opinion in Plant
Biology 3:125-31.

Mircetich S.M., Lowe SXK., Moller W], Nyland G. {1976) Etiology of almond leaf scorch
disease and transmission of the causal agent. Phytopathology 66:17-24.

Moreira L.M,, de Souza RF, Almeida Jr NF, Setubal J.C., Oliveira J.CF., Furlan LR, Ferro
J.A. and da Silva A.C.R. (2004) Comparative genomics analyses of citrus-associated bacteria
Annual Reviewof Phytopathology 42:163-84.

Morita T, Huruta T, Ashiuchi M., Yagi T. (2002) Characterization of recombinant YakC of
Schizosaccharomyces pombe showing YakC defines a new family of aldo-keto reductases.
The Journal of Biochemistry 132:635-641.

Nagui A., Chance B.A. (1984) Semi-integrated method for the determination of the enzymes
kinetic parameters and graphical representation of the Michaelis-Menten equation. Anal.
Bioch. 141:179-183.

Nunes L R, Rosato Y.B., Muto N.H., Yanai GM,, Silva V.S, Leite D.B., Gongalves ER., Souza
AA., Coletta-Filho HD., Machado M.A., Lopes S.A., Oliveira R.C. (2003) Microarray
analyses of Xylella fastidiosa provide evidence of coordinated transcription conirol of
laterally transferred elements. Genome Research 13:570-578.

Nyland G., Goheen A.C., Lowe S.K., Kirkpatrick H.C. (1973) The ultrastructure of a rickettsia-
like organism from a peach tree affected with phony disease. Phytopathology 63:1255-1258.

52



Referéncias Bibliogrdficas

Oliveira R.C., Yanai GM., Muto N.H,, Leite D.B., Souza A A., Coletta-Filho H.D., Machado
MA., Nunes LR. (2002) Competitive hybridization on spotted microarrays as a tool to
conduct comparative genomic analyses of Xylella fastidiosa strains, FEMS Microbioogy.
Lewers 216:15-21.

Osiro D, Mumiz JR.C,, Coleta Filho HD., de Souza A A, Machado M.A., Garrait R.C,,
Colnago L.A. (2004) Fatty acid synthesis in Xylella fastudiosa: correlations between genome
studies, ’C NMR data, and molecular models. Biochemical and Biophysical Research
Communications 323:987-995.

Paradela Filho O., Sugimorit MH,, Ribeiro 1.J.A., Garcia Jr. A, Beretta M.J.G, Harakawa R,
Machado M.A,, Laranjeira FF., Rodrigues Neto I, Beriam L.O.S. (1997) Constatagio de
Xylella fastidiosa em cafeeiro no Brasil. Summa Phytopathologica 23:46-49.

Paula D P, Azzoni A R, Siqueira 8 F,, Catani C.F, Rosselli LX_, Souza A.P. {2003} Expression
and purification of a putative H-NS nucleoid-associated protein from the phytopathogen
Xylella fastidiosa. Protein Expression & Purification. 32:61-67.

Peiton JT, McLean L.R. (2000) Spectroscopic methods for analysis of protein secondary
structure. Analytical Biochemistry 277:167-176.

Petoukhov M.V, Eady N.A J, Brown K.A., Svergun D.I. (2002) Addition of missing loops and
domains to protein models by X-ray solution scattering. Biophysical Jowrnal 83(6)3:3113~
3125

Provencher S.W,, Glokner J. (1981) Estimation of globular protein secondary stracture from
circular dichroism. Biochemistry 20:33-37.

Purcell HA,, Finlay A H. (1979} Evidence for noncirculative transmission of Pierce's disease
bacterium by sharpshooter leathoppers. Phyropathology 69:393-395.

Raju C. B, Wells J. M. (1986) Diseases caused by fastidious xylem-limited bacteria. Plant
Disease 70:182-186.

Reid MLF, Fewson C.A. (1994) Molecular characterization of microbial alcohol dehydrogenases.
Critical Reviews in Microbiology 20:13-56.

Rosselli LK, Oliveira C.L.P,, Azzoni AR, Tada S.F.8., Catani C.F., Medrano F.J ., Torriani LL.,
Souza A P. (2006) A new member of the aldo-keto reductase family from the plant pathogen
Xylella fastidiosa. Archives of Biochemistry and Biophysics. 453:143-150.

Sanli (3, Blaber, M. (2001) Structural assembly of the active site in an aldo-keto reductase by
NADPH cofactor. Journal of Molecular Biology. 22:1209-1218.

Silva FR. da, Vettore A.L., Kemper EL., Leite A, Arruda P. (2001) Fastidian gum: the Xylella

Jastidiosa  exopolissaccharide possibly involved in bacterial pathogenicity. FEMS
Microbiology Letters 203:165-171.

53



Referéncias Bibliogrdficas

Simpson AJ.G, Reinach F.C, Armuda P. er al (2000) The penome sequence of the plant
pathogen Xvlella fastidiosa. Nature 406:151-157.

Sreerama N., Woody R'W. (1993) A self-consistent method for the analysis of protein secondary
structure from circular dichroism. Analytical Biochemistry 209:32-44.

Svergun DI (1992) Determination of the regularization parameters in indirect-transform
methods using perceptual criteria. Jowrnal of Applied Crystallography 25:495-503.

Svergun DI (1999) Restoring low resolution structure of biological macromolecules from
solution scattering using simulated annealing, Biophysical Journal 76;2879-2886.

Svergun DI, Petoukhov M.V, Koch M.H.J. (1995) CRYSOL — A program to evaluate X»ray
solution scattering of biological macromolecules from atomic coordinates. Journal of Applied
Crystallography 28.768-773.

Svergun DI, Petoukhov M.V, Koch M.HJ (2001) Determination of domain structure of
proteins from X-ray solution scattering. Biophysical Journal 80:2946-2953.

Tang IL., Liu YN., Barber CE., Dow JM., Wootton J.C., Daniels M.J. (1991) Genetic and
molecular analysis of a cluster of rpf genes Involved in positive regulation of synthesis of
extracellular enzymes and polysaccharide in Xanthomonas campestris pathovar campestris,
Molecular & General Genetics 226:409-417.

Tao K., Makino K., Yonei 8., Nakata A., Shinagawa H. (1989) Molecular cloning and nucleotide
sequencing of oxpR, the positive regulatory of a regulon for an adaptative response to
oxidative stress in Escherichia coli: homologies between OxyR protein and a family of
bacterial activator proteins. Molecular General Genetics, 21%:371-376.

Tao K., Makine K., Yonei S., Nakata A, Shinagawa H. (1991) Purification an characterization of
the Escherichia coli OxyR protein, the positive regulator for a hydrogen peroxide-inducible
regulon. Journal of Biochemistry. 109:262-266.

Walther D., Cohen F.E,, Doniach S. (2000) Reconstruction of low resolution three-dimensional
density maps from one-dimensional small angle X-ray sacattering data for biomolecules in
solution. Journal of Applied Crystallography 33:350-363.

Wells M., Raju B.C., Hung H-Y,, Weisberg W.G, Mandelco-Paul L., Brenner D.J. {1987}
Xylella fastidiosa gen. nov., sp. nov.. gram negative, xylem-limited fastidious plant bacteria
related to Xanthomonas spp. International Jowrnal of Systematic Bacteriology 37(2):136-143,

Woody R'W. (1995) Circular dichroism. Methods Enzymol. 246:34-71.

o4



Anexos
- 0P

9.ANEXOS

9.1. ANEXQ |

~ "Expression and purification of a small heat shock protein from the plant pathogen

Aylella fastidiosa"

9.2.ANExOH

- “Cloning, expression and purification of the virulence protein D from Xylella

Jastidiosa"

55



Anexo I

"Expression and purification of a small heat shock protein from the plant pathogen Xylella

Jastidiosa"

Adriano R. Azzoni, Susely F.S. Tada, Luciana K. Rosselli, Débora P. Paula, Cleide F. Catani,
Adfo A. Sabino, Joio AR.G Barbosa, Beatriz G Guimardes, Marcos N. Eberlin, Francisco J.

Medrano e Anefe P, de Souza.

Publicado na revista

Protein Expression & Purification 33 (2004) 297-303

56



ELSEVIER

Available online at www.sciencedirect.com

sc:snca@nmsc'm

Protein Expression and Purification 33 (2004) 297-343

Protein
X Pression
Purification

www.clsevier.com/locatefyprep

Expression and purification of a small heat shock protein
from the plant pathogen Xylella fastidiosa

Adriano R. Azzoni,»*! Susely F.S. Tada,™' Luciana K. Rosselli,? Débora P. Paula,?
Cleide F. Catani,” Addo A. Sabino, Jodo A.R.G. Barbosa,d Beatriz G. Guimaries,?
Marcos N. Eberlin,® Francisco J. Medrano,” and Anete P. Souza®

* Centra de Biologia Molecular e Engenhayia, Genética, Departaments de Genética ¢ Fvolugiio, Instituto de Biologia,
Universidade Estadual de Campinas, C.P. 6010, Campings, SP, Brazil

b Depart, to de Microbislogia e Imumologia, Instituto de Bioclogia, Universidade Estadual de Campinas, C.P. 5010, Campinas, SP, Brazil
¢ Institute de Quisnica, Universidade Extaduo! de Campinas, C.P. 6134, Campinas — $P, Brazil
2 Departamento de Cristalografia de Proteings, Laboratirio Nacional de Luz Sincrotron, C.P. 6192, Campinas, SP, Brozil
Received 26 August 2003, and in revised form 9 QOctober 2003
Ahstract

The small heat shock proteins (smHSPs) belong to 2 family of proteins that functior as molecular chaperones by preventing
protein aggregation and are also known to contain a conserved region termed e-crystallin domain, Here, we report the expression,
purification, and partial characterization of a novel smHSP (HSP17.9) from the phytopathogen Xplella fastidiosa, causal agent of
the citrus variegated chlorosis (CVC). The gene was cloned into a pET32-Xa/LIC vector to over-express the protein coupled with
fusion tags in Escherichia coli BLZ1(DE3). The espressed HSP17.9 was purified by immalbilized metal affinity chromatography
(IMAC) and had its identity determined by mass spectrometry {(MALDETOF). The correct folding of the purified recombinant
protein was verified by cireular dichroistm spectroscopy. Finally, the HSP17.9 protein also proved to efficiently prevent mduced
aggregation of insulin, strongly indicating a chaperone-like activity.

© 2003 Elsevier Inc. All rights reserved.

Keywords: Small heat shock protein; Xylella fastidiosa smHSP; Expression and purification

The heat shock proteins belong to the class of molecutar
chaperones defined as “cefular proteins which mediate the
correct folding of other polypeptides, and in some cases
their assembly into oligomeric structures, but which are
not components of the final functional structures” {13, This
implies that the main function of chaperones is to tran-
siently interact with proteins avoiding aggregations that
are deleterious to the cell. Heat shock proteins are pro-
duced by the cells under stress conditions, such as high
temperatures, but are also developmentaily regufated un-
der physiological condition [2]. They are divided into
famifies according to their size and amino-acid sequence.
The small heat shock proteins (smHSPs) belong o a
structurally divergent group within the chaperone super-

"Corresponding anthor, Fax: +55-19-37881089.
E-mail address: azzoni@unicamp.br (A R. Azzoni).
* Both authors contributed equaily to this work.
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family, with molecular masses ranging from 12 to 43kDa
[3]. They are also known to contain an evolutionarily
conserved region termed q-crystallin domain, located to-
ward the C-terminus of the protein monomer that proved
to be important for oligomer formation, thermotolerance,
and chaperone activity [1,2]. Circular dichroism analysis
of smHSPs indicates that their secondary structures
are composed mainly of P-sheets and the C-ierminus
extensions are likely to be highly flexible [4].

A common feature of small heat shock proteins is
their tendency to assembie into large oligomeric com-
plexes, ranging from 145kDa to 10 MDa [1,5]. Recent
studies have demonstrated that oligomers exhibit a dy-
namic equilibrivm with constituent subumits, which is
important but not sufficient itself for the chaperone ac-
tivity {2,6]. The simplest quaternary structure presented
in the literature is the 143 kDa trimers of trimers formed
by Mycobacterium tuberculosis HSP16.3 [5]. Despite the
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interesting properties of the smHSPs and their rofe
m the mechanisms of protein folding, there is little
literature on protein struetural information, especiaily
three-dimensional structures. One of the few and best-
characterized smiSP structures is the Methanococcus
Jarnaschii HSP16.5 that has been crystallized revealing a
monomer containing 4 composite 8-sandwich structure,
It also revealed a highly ordered oligomeric structure
composed of 24 monomers forming a hollow spherical
complex of octahedral symmetry [7].

In this work, we present the expression, purification,
and partial characterization of a novel smHSP from the
phytopathogen Xylella fastidiosa. The X. fastidiosa is 2
xylem-limited bacterium responsible for a variety of
economically mmportant plant diseases, including the
citrus variegated chlorosis (CVC) that canses tremen-
dous damage to the citrus cultures in southern Brazil
[8-11]. The work presented here aims to contribute to
increasing the knowledge of the biological role of
smHISPs, presenting a method for the production of
high amounts of refatively pure protein that are needed
to determine the three-dimensional structure. It also
aims at adding new information about proteins that may
be related to X. fastidiosa pathogenesis, necessary for
new approaches towards CVC combat.

Materials and methods
Materials

The oligonuciectide primers were synthesized at In-
vitrogen Life Technologies (Sdo Paulo, Brazil). The
PET32-Xa/LIC vector, the BL21(DE3) strain, protease
factor Xa, and anti-His-tag anti-body were obtained
from Novagen {(Madison, WI). The Ni-NTA affinity
resin was obtained from Qiagen (Hilden, Germany). The
Coomassie biue reagent for total soluble protein deter-
mination was purchased from Bio-Rad (Hercules, CA).
The molecular mass marker (LMW) and the HRS/S
(50 x 5 m) chromatography column were purchased
from Amersham Pharmacia Biotech (Uppsala, Sweden).
The protease inhibitor phenylmethylsulfonyl fluoride
(PMSF), 35-dimethoxy-4-hydroxycinnamic acid (sina-
pitic acid), a-cyano-d-hydroxycinnamic acid (CHCA),
lysozyme, bovine serum albumin (BSA), and the enzyme
trypsin were purchased from Sigma Chemical (St. Louis,
MO). The high purity bovine insulin {(97% purity) was
obtained from Biobrds S.A., (Montes Claros, Brazil).
Al other chemicals used were of at least reagent grade.

Methods

Expression vector construction
The target ORF (XF2234) from X. fastidiosa was
amplified by polymerase chain reaction (PCR} using

&8
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genomic DNA as the template and cloned into the
pET32-Xa/LIC expression vecter. A pair of PCR
primers, ¥-GGTATTGAGGGTCGCATGAACGTTG
TTCG-Y (sense} and ¥-AGAGGAGAGTTAGAGCC
TCACATTGACTG-Y  (antisense), was designed to
generate preducts with vector cohesive overhangs. The
amplification protocol consisted of a 3 min denaturation
at 94 °C followed by 30 cycles of denaturation at 54 °C
for 1min, annealing at 55°C for 1min and 30s, and
extension at 72°C for 2min. The bhunt PCR products
were purified and treated with T4 DNA polymerase in
ihe presence of the dGTP and DTT to generate the
specific vector cohesive overhangs. The insert cloning in
the linearized vector was carried out according to the
vector manufacturer’s protocol [6]. The pET32-Xa/LiC
vector is designed for the expression of the recombinant
protein fused to the 109 amino acid thioredoxin
{(11.7kDa}, a 6 amino acid His-tag, and 15 amino acid
S-tag sequences upstream of the cloning site. The fusion
tags together have a molecilar mass of 17.6kDa, a
theoretical pf of 5.95, and they can be removed from the
recombinant {arget protein by protease cleavage using
factor Xa.

Competent Escherichia coli DHS« cells were trans-
formed with recombinant plasmids by using a slightly
different method of the standard polyethylene glycol
(PEGQ) method [12]. The siandard method describes a
heat shock step when cells are kept at 42 °C for 30s. The
high temperature step was substituted by letting the celis
stand af room temperature for 10min. Cells were cul-
tured overnight at 37°C in Lasia-Bertand broth (LR)
plates containing 50 pg/ml. ampicillin. The colonies
were mndividually siored at -70°C in a permanest
YT +HMFM broth, which contained 16g tryplone,
10g veast extract, 5y NaCh 0.076g MgS0, TH.0,
G.45g dehydrated sodium citrafe, 9.90¢ (NHi»S0,,
1.8 g KH,PQy, 4.7 K HPO,, and 44ml. glycerol, per
liter. The clones were checked by PCR and their se-
quences were verified by nucleotide sequencing. £ coli
BL2ZI{DE3]) cells were transformed with positive re-
combinant plasmid using the PEG method and used for
protein expresiofn.

smHSP pver-expression and purification

Escherichia coli BL2ZI(DEY) cells transformed by re-
combinant plasmids were cultured in 10mIL LB broth
added to 50 ug/mL ampiciliin and grown overnight at
37°C and 300rpm. This pre-inoculim was then trans-
ferred to 1.Gliter LB broth containing ampicillin at the
same concentration. The culture was grown at 37°Cand
300 rpm unti! ODyggq of 0.8 when celis were induced with
1mM IPTG for an additional 2h. The cells were hag~
vested by centrifugation at 2600g and 4°C for [0min,
The pellet containing the bacteria was suspended in
44ml of S0mM Tris-HCI buffer, pH 7.5, containing
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300 mM NaCl (adsorption buffer), The protease inhibi-
tor PMBSF and lysozyme were added to final concen-
trations of 1.0mM and 1.0mg/ml, respectively. The
suspension was incubated for 30min at 4°C and soni-
cated 8 times for 15s at 70% of the maximum power in a
Sonifier Misonix (Microson Ultrasonic Cell Disruptor
XL). The lysed material was clarified by centrifugation
at 27,500g for 15min at 4°C and the supernatant was
collected to confirm recombinant protein expression by
SDS-PAGE.

Small-scale purification of the target protein was
done by loading 6 mL of the clarified supernatant onto
an HRS/S column, packed with 1.0mL nickel-nitrilo-
triacetic acid {Ni-NTA) resin, using an AKTA-FPLC
system. The resin was washed with 10 CV of adsorption
buffer containing 1.0M NaCl The adsorbed proteins
were eluted from the column using an imidazole gradi-
ent {from 0 to 200mM in 10CV) in adsorption buffer.
Fractions containing 1.0CV of volume were collected
and a flow rate of 0.75mEL/min was used during ali the
chromatographic steps. Fractions were assayed for total
protein concentration and analyzed by SDS-PAGE,
The recombinant HSP17.9 was separated from the fu-
sion tags by factor Xa proteolysis {0.1 U/uL per 10 ug of
recombinant protein). The hydrolysis was performed at
25°C for 16h according to the protease supplier’s in-
structions. The protease was inactivated by PMSF at
ImM and the proteolysis products were analyzed by
SDS-PAGE. The sample was dialyzed against adsorp-
tion buffer containing 10mM imidazole to prepare for
the next purification step,

The final purification step was performed using the
same FPLC system and column/resin mentioned above.
The sample containing the HSPI7.9 and the cleaved
fusion protein was loaded into the column equilibrated
with the same dialysis buffer. The flowthrough proteins
{HSP17.9) were collected and washed ons with 16 CV of
the same buffer. Bound proteins were eluted with
equilibration buffer containing 200mM imidazole. The
flowrate used was 0.75 mL/min, The fractions contain-
ing 1CV of volume were collected and analyzed by
SDS-PAGE and Western blot, and had their otal sol-
uble protein concentration determined. Large-scale pu-
rification was petformed by scaling up the same
protocol described above, except for the column/resin
wsed, In this case, clarified extract from 5.0%ters of
bacterial culture was loaded into an HR10/10 column
packed with 8.0mL of agarose-IDA-Ni** resin. Afl
chromatographic steps were carried out at 2.0mL/min.

Analptical assays

The total soluble protein conceniration was assayed
according to the method presented by Bradford f13],
using bovine serum albumin as the protein standard.
More accurate estimations for purified HSPI7.9 were

made based on absorbance at 280 nm, using a calcutated
extinction cocficient of Q832 g/L/fom, based on the
method described by Pace and Schmidi {14]. Protein
purity during the purification step was monitored by
SDS-PAGE performed using a 4% stacking ged and a
12% separation gel according to Leemmdi {15} and
stained using the Coomassie brilliant blue R-250 siain-
ing technique. Native gel electrophoresis was carried out
using the same protocol described above, subtracting
the detergent sodinm dodecyt sulfate (SDS} {from all the
buffers used. For Western blot, protein samples from the
second chromatographic step were run on 12% gel SDE-
PAGE and transferred to nigrocelludose membranes
(Hybond-N, Amersham, USA). Detection was carried
out using rabbit anti-His-tag antibody and 2 conjugated
goat anti-rabbit igG alkaline phosphatase (Sigma,
St. Louis, MO) followed by chemiluminescent defection
with CSPD (Tropix, USA).

Mass spectrometry

The recombinant HSPI7.9 mass spectrometric
analysis was done in a matrix-assisted laser-desorption
time-of-flight (MALDI-TOF) M@LDILLR mass spec-
frometer (Micromass, USA) The trypsin-digested pro-
temn and intact protein were analyzed in the spectrometer
using reflecting and linear modes, respectively, accord-
ing to the equipment manufacturer’s instructions. The
matrixes used for trypsin-digested (peptides) and intact
protein samples were CHCA and sinapinic acid, re-
spectively. The masses of monoisotopic peaks with rel-
ative intensity higher than 5% of the most intense peak
in the spectrum were used for comparison to 2 theo-
retical digestion of the protein by trypsin. This was
carried out using the MS-Digest program {(www htip#/
prospector.ucsf.adu).

Circular dichreism spectroscopy

The circular dichroism (CD) spectroscopy of the fully
purified protein was studied to assess the secondary
structural integrity. The CID spectra were generated us-
ing a 1mm pathiength cuvette containing 200ul
HSP17.9 protein sample at 0.! mg/mL in 5mM Tris-
HCl buffer, pH 7.5, at 20 °C. The assays were carried out
in a Jasco 810 speciropolarimeter (Japan Spectroscopic,
Tokyo, Japan). The spectrum was presented as an av-
erage of four scans recorded from 190 to 250nm, at a
rate of 20 nm/min.

Chaperone-like activities study
The inhibition of the aggregation of bovine insuiin (B
chain) by HSP17.9 was studied according 1o the method

presented by Horwitz et al. [16]. The method is based on
the reduction of insulin disulfide bonds by dithiothreitol
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and aggregation of insulin B chain followed by the in-
crease of the turbidity from light scatiering at 360 nm in
a Hitachi U-3000 spectrophotometer. All experiments
were carried out at 37°C.

Resuits and discussion
Expression and purification of HSP17.9

The X fastidicsa Genome Program generated a large
amount of gene sequences from this important plant
pathogen {11}. One of these genes encodes a 17.9%Da
protein similar o a family of small heat shock proteins.
The authors in the literature suggest that the minimal
functional unit of these kinds of proteins consists of a
core region of about 85 amino acids called the a-crys-
tailin domain. Fig. 1 presents the sequence alignment of
the X. fastidiose protein, called HSP17.9, with three
other proteins that may belong to the same family. The
strongest similarity (26%) was found with the SP2}
protein  (QU6823) from Stigmatells aurantinea. The
alignment also compares the HSP17.9 with the M
Jannaschii HSP16.5 (57733 and human o-crystallin
{B53814). As expected, the highest number of hits was
found in the a-crystailin domain, the highly conserved
domain of smHSPs.

In our work, the ORF (XF2234) encoding the
HSP17.9 protein was successfully cloned in the pET32
Xa/LIC expression vector and no difficulty was found to
transform the E. coli BL2I(DE3) strain for expression
studies. Dose dependence and time course studies of the
induction of the recombinant protein expression, ang-
tyzed by SDS-PAGE, led to an IPTG concentration of
1 aM and induction time of 2h at 37 °C. The expression
of the fusion protein containing the HSP17.9 was con-
sidered high: 910 mg of soluble protein/liter of bacterial
broth. High amounts of relatively pure recombinant
protein containing the His-tag were recovered and

H3P17.8
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HEP1E.5
alfa-cryatallin

HEPL1T7 .9

3 g 8

HEFLE.S
azlfa-erystallia

HEP17.8

BYZi

BEF1E. 5
alfa-oryatallin

HEP1Y. %

8Fz21

HAPL1E .5
alfa-cryptallin

putified from the fysed extract by using immebilized
metal affinity chromatography {Fig. 2, lanes 2-4). The
reduction of non-specific interactions between extract
proteins and the matrix was done washing the resin with
high salt concentration and low imidazole concentration.
buffers. The elution of the recombinant profein was
performed nsing a gradient of imidazole concentration,
a prosedure that considerably improved the final protein
purity. Blution fractions containing the recombiznant
protein with a level of purity higher than 90% (analyzed
by optic densitometry) were separaied and combined as

Fig. 2. S8DS-PAGE of the fractions collected during the purification
steps of the recombinant HSPI7.8. legend: fane }--molecular masy
markers; lane 2—extract from bacterial lysis loaded into the Ni-NTA
column, 11.0pug; lans 3 flowthrough extract, 7.0 pg; lene 4 fraction
collected during the elution step at huidazcle soncentration of
260 mM, containing the recombinant protein {HSP17.9 + fusion tags),
4. pg; and lane 5 proieins resulied from factor Xa cleavage step for
H3P17.9 separation from fuston tags, 3.2 pg. This fraction was loaded
into the Ni-NTA column to promote final purification of the HEP17.5.
Lane §--flowthrough fraction of the final purification step contafning
the HB8P17.0, 2.0pg Lane 7--proteins eluted at 200mM imidazole
concentration containing the fusion tags and impurities resulted
from non-specific factor Xa cleavage, 2.3 ug. Separation gl of 12%
acrylamide concentration.
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Fig. 1. Comparizon of the X fastidiosa HSP17.9 with other smHSPs, The multiple sequence alignment of the FISP17.9 with S, aurantiaca $P21

(_QQSSZB}, M. jannaschii HS¥16.5 {Q57733), and human alfa-crystaliin (B53814) was done using the CLUSTALW program. Letters shaded in black
indicate amino acids that are identical in at least twe of the snHSPs. Conserved substitutions are shaded in gray.
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a pool for further purification steps. Approximately
6mg of purified fusion recombinant proteinfliter of ini-
tial bacteriat broth was recovered at this step.

To remove the N-terminal fusion tags from the target
protein, a cleavage by factor Xa protease was per-
formed. The fusion tags were used 5o as to improve the
recombinant protein solubility, also allowing ease of
detection and purification from the extract. The fusion
tags were successfully removed from HSPI7.9 by
cleavage and few non-specific cleavages were noted. The
analysis on SDS-PAGE of the proteolysis products is
shown in Fig. 2 (lane 3). Since the recombinant HSP17.9
and the fusion tags contain ahnost identical molecular
masses {17.9 and 17.6kDa, respectively), they are seen
on the gel as a unique protein band, The cleaved re-
combinant HSP17.9 remained siable in the solution,
however, some tendency towards aggregation and pre-
cipitation was noticed when the protein was dialyzed
against water at a low temperature (4°C).

A final chromatographic step on the IMAC resin was
performed to separate the fragment containing the tags
and the target protein. In this case, the purified re-
combinant HSP17.9 was collected in the flowthrough
fractions (Fig. 2, lane 6). Few amounts of non-cleaved
protein were also separated from the target protein
during this step. Since both proteins contain similar
molecular masses, merged as a single band in SDS-
PAGE, the fractions collected during the chromatogra~
phy were analyzed by Western blot using anti-His-tag
antibody. The result indicated that the separation was
achieved, since the flowthrough fractions were virtually
free from proteins containing His-tag {result not shown),
The final amount of purified recombinant HSP17.9 ob-
tained was approximately 1.6 mg/liter of initia! bacterial
broth. More detailed data on the purification of the
HEPI7.9 are presented in Table 1.

Mass spectrometry and oligomerization analysis

The purified recombinant HSP17.9 was analyzed by
mass specirometry to verify the protein molecular mass

and identity. The analysis resulted in a molecular mass
of 17,729 Da, which is a value close to the theoretical
molecuiar mass calcutated from the primary amino-acid
sequence: 17,858 Da, The peptide profile found for the
mass speciroscopy analysis of the digested HSP17.9
{“fingerprint”) was compared to a theoretical digestion
of the protein. Five different peptides were found the
molecular masses of which matched {difference lower
than 1.0Da) those of the expected peptides, confirming
the protein identity (data not shown).

The HSP17.9 tendency to assemble into oligomeric
complexes was also detected by native gel electropho-
resis and gel filtration chromatography analysis. Despite
the results for the determination of the exact molecular
mass of the protein quaternary structure stilt not being
conclusive, maybe due 1o a natural instability of such
complexes, there is no doubt that the protein tends to
form large oligomeric complexes in solution. Recent
studies have suggested that the assemblies of smHSPs
high level structures are dynamic and shaped by the
frequent exchange of subunits [11. The studies have also
suggested that these structures are important hut not
sufficient for the chaperone-like activity {2,6].

Cireular dickroism spectroscopy analysis

To mvestigate the stractural integrity of the purified
HSEP17.9, the protein was analyzed by CD spectroscopy.
The CD spectrum, which resulted, is shown in Fig, 3 and
indicated that the recombinant HSP17.9 contains a
substantial amount of secondary structure. The protein
presented a predominant signal of B-strands, with a
maximum in ellipticity a¢ 197am and & minimum at
213nm. This result is coherent with the secondary-
striucture predictions and data presented in the literature
for other smiISP structures, all of them msaking up a
majority of B-strands. One of the best siructuraily
characterized smHSPs in the literature, the M. jannaschii
HEP16.5, was found to have iis monomer formed by
nine f-strands, two short 3;p-helices, and one short
B-strand |73 Finally, our results indicated that the

Table 1
Purification of recombinant HSP17.9 from £ colf extract
Step Volume (nl)  Protein {mg) HSPI7.9 {mg) HSP 179 yield 24 HSP 17.9 purity (%) Punification factor
Extraction 44 0 9.0 150 n H
First IMA(R
Flowthrough 84 2 g ] - —
Eluate 80 6.7 8.0 67 30 8.2
Sevond IMAC
Load® 32 5.7 23 26 40 3.6
Flowthrough 37 is ] 0 - —
Eluate 10 1.8 1.6 18 §9 8.1

* Immabilized metal ion chromatography.

b e ; .
This step is preceded by a cleavage step using Factor Xa protease. The cleaved HSPI79 usually represents about 40% of the resulting total

protein in solution.
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Fig. 3. Circular dichroism spectrum of the purified recombinant
HSP17.9. The spectrum was recorded at 20°C and a protein concen-
tration of 0.1 mpfml in 5 mM iris buffer, p¥ 7.0. Data were collected
using an average of four scans per replicate,

protein is quite stable at room temperature and re-
mained folded throughout the purification process, be-
ing suitable for crystallization studies aiming at three
dimensional structure deterrninations.

Chaperone-like activity study

It is well known that some proteins can be unfoided
by reducing the interchain disulfide bond. In the case
of insulin, the reduction of the disulfide bonds by DTT
will fead to the aggregation and precipitation of the B
chain while the A chain remains in solution. In this
way, the chaperone-like activity of the recombinant
HSP179 could be indicated By its characteristic of
preventing insulin B chain aggregation upon reducing
snvironmental condition. Since the HSP17.9 does not
possess any disulfide bond, it is not affected in this
condition as insulin. Fig. 4 presents the results found
for insulin aggregation in the presence of different
mass concentrations of HSP17.9. Significant preven-
tion of insulin aggregation was noted even at low
HSP17.9 concentrations (0.02mg/mL for an insulin
concentration of 0.4mg/mL) strongly indicating a
chaperone-like activity. Almost 40% reduction of ag-
gregate formation was detected when a final concen-
tration of 0.08mg/mL of HSP17.9 was used (20% of
the insulin concentration).

Finally, the different effects caused by the presence of
HSF17.9, and the control proteins bovine serum atbu-
min (BSA}) and lysozyme on the induced aggregation of
insulin are llustrated in Fig. 5. The HSP17.9 presented a
chaperone-like activity effectively preventing insulin
aggregation, whereas BSA interaction seems only to
retard it. The lysozyme also aggregated during the assay,
causing & shift in the measured light scattering, the
oppesite effect of HSP17.9.
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Fig. 4. Profile of insulin agpregation induced by dithiothreits] (DTT)
in the presencs of different concentrations of the recombinant HSP17.2
protein. Legend: solid line, &4 mgfml insuiin solution in the presence
of 20mM DTT and absence of HSP17.9; dashed line, 4 me/mi in-
sulin solution in the presence of 20mM DTT and 0.0Zmgimi.
H5P17.%; dash-dof line, 0.4 mafml. insulin solution in the presence of
20mM DTT and 0.04mg/mi. HSP17.9; short dash Hoe, D.4mp/mi
insulin solution in the presesce of 20mM DTT and 8.06mgimi.
HSP17.9; short dot bne, 0. 4mg/mi. insulin solution in the presence of
20mM DTT and (.08 mpfml of HSP17.9. Experiments were per-
formed in a S0mM NaPi buffer, pH 7.9, containing 100mM Nallata
temperators of 37°C,
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Fig. 5. Profile of insulin aggregation induced by dithiothreitol {(DTT)
in the presence of recombinant HSP17.9, bovine serum albumin (BSAY,
and lysozyme. Legend: solid line, 04 mg/iml. insulin solution in the
presence of 206mM DTT {contral); dashed line, 04mgfml, insulin
solution in the presence of 20 mM DTT and (1.1 my/ml. BSA; dash-dot
line, .4 mg/mL insulin sohution in the presence of 20mM DTT and
0.1 mg/ml Iysozyme; and short dot line, .4 mgfmL insulin solution in
the presence of 20mM DTT and 0.1 mg/ml HEP17.9 Experiments
were performed in 2 30mM NaFi baffer, pH 7.5, containing 100 md4
NaCl at a temperature of 37°C.

Conclusion

This work presented the cloning, expression, purifi-
cation, and partial characterization of a novel smHSP
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protein from the plant pathogen X, fastidicsa. The
protein was purified using two steps of affinity chro-
matography on Ni-NTA resin, and its purity and
identity were verified by SDS-PAGE, Western blot, and
mass spectrometry. As expected for smHSP proteins, the
CD analysis of the HSP17.9 indicated a secondary
siructure composed mainly of f-strands, despite some
short n-helices also seeming to be present, The HSP17.9
proved to efficiently avoid chemically induced insulin
aggregation, strongly indicating a chaperone-like activ-
ity. Finally, this work presents new information about a
protein the biological role of whick may be related to the
X. fastidiosa phatogenicity. Crystallization studies of the
protein are currently in progress in our laboratory for
future three-dimensional structure characterization by
X-ray crystaliography.
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Abstract

In this study, an efficient expression system, based on the pET32Xa/LIC vector, for producing a Xvlella fastidioss virulence-as-
sociated protein D, found to have a strong similarity to Riemerelia anatipestifer and Actinobacillus actinomycetencomitans Vaph
protein, s presented The protein has a molecular mass of 17.637Da and a calculated pf of 5.49. The selected XFa0052 pene
was cloned in the pET32Xs/LIC vector and the plasmid was transformed into Escherichia coli BL21 {DE3} strain 8t 37°C, with
an induction time of 2h and 1mM IPTG concentration. The protein present in the soluble fraction was purified by mobilized
metal affinity chromatography (IMAC), and had its identity determined by mass spectrometry (MALDI-TOF) and N-terminal
sequencing. The purified protein was found as a single band on SDS-PAGE and its correct folding was verified by circular dichro-

iST SPECtTOSCOpY.
© 2004 Elsevier Inc. AR rights reserved.

Keywords: VapD protein; Bxpression and purification; Xylella fasridiosa

Xylella fastidiosa (Xfy is a Gram-negative, rod-
shaped, non-flagellate, xylem-fimited bacterium, and is
the causal agent of several important crop diseases,
Including citrus variegated chiorosis (CVC) in orange
trees [1], Pierce’s disease (PDD) in vineyards, phony peach
disease (PP), periwinkle wilt, and leaf scorch diseases in
pium, elm, maple, cak, sycamore, and coffee [2]. Plants
with CVC symptoms were first detected in Brazil in
1987 [3], and today, have been identified in more than
90% of the orchards in the state of S0 Paulo (Brazil),
leading to the complete genomic sequencing of a 9asc
strain, which turned out to be the first plant bacterium
to have its complete genome elucidated [4].

" Corresponding author. Fax: +55-19-37881089.
E-maif address: cleidec@iyahoo.com (CF. Catani),

H6-592875 - see fromt matter € 2004 Elsevier Inc. All rights reserved.
doi:10. 10167 pep. 2004.07.062
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The existence of different disease symptoms observed
in a wide range of plant hosts {5}, possibly associated with
genetically distinct X7 strains, has led researchers to
hypothesize that genome comparisons among X7 strains
may uncover important information regarding genes in-
voived in the interaction with specific hosts. Thus, the
genomes of two other X7 strains, isolated from oleander
and almond trees, were sequenced and annotated [6),
and a fourth strain, isolated from grapevines and respon-
sible for PD in California, has also been sequenced [7).

Clearly, on the basis of both DNA and protein se-
quence conservation, the almond and oleander strains
are more closely related to one another than sither is to
the citrus %adc strain {6]. Morg than 88% of the ORFs
from the almond-—oleander genomes are in commeon pro-
tein families, as compared to 87% between the %a3c strain
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and oleander {Anal sfrain) and 86% between the 9asc
strain and almond (Dixon strain) [6]. Comparative anal-
vsis with the sequenced 9a5c strain and Temecula strain,
isolated from infected grapevine with Pierce’s disease
(P}, revealed that 8% of the Xf Temecula genes are
shared with the 9a3c genes. Furthermore, the average
amino acid identity of ORFs in the strains is 95.7% {7].

Analysis of the X/ genomic sequence {4] revealed a
number of genes the products of which have very high
amino acid sequence related to the gene products in
Xanthomonay {8]. This relatedness between X7 and Xan-
thomonas is not surprising, since these bacterial species
are closely related. The phylogenetic analyses place
Xanthomonags campesiris pv. campestris (Xco-strain AT
CC33913) and Xeathomonas axonopodis pv. citri (Xac-
strain 306) [9] at the base of the y-subdivision of proto-
bacteria, in the same clade as X. fastidioss. The high
degree of relatedness strongly suggests that Xanthomo-
nas and Xf genes are orthologous. In contrast, the rela-
tive size of the genomes of X1 (2.7 Mb) and Xanthomonas
{(5.0Mb for Xcc and 5.2 Mb for Xac) indicates that there
are distinet differences in the complement of genes car-
tied by the two bacteria (8],

This presumed evolutionary genome reduction may
be related to the fact that X, fastidiosa does not appear
to be found in several alternative habitats, in contrast
to Xanthomonas. However, X. fastidiosa presents several
genes known previously only in animal pathogens, argu-
ing for the acquisition of additional functions that may
facilitate its attachment and growth in insect vectors [10].

The 9a5¢ strain genome has 2 circular chromosome of
2.7Mb, and two plasmids of about 51 and 1.3kb [11).
From the 2504 predicted open reading frames {ORFs),
47% showed strong homology to known proteins, allow-
ing putative functions to be assigned. Putative pathoge-
nicity, virulence, and adaptation functions were assigned
to 147 ORFs (5.1%%) [11].

Plasmid pXF31 contains 64 ORFs, of which 5 encode
proteins involved in replication or plasmid stability and
20 encode proteins involved in replication or plasmid
transfer {4]. One of the ORFs {gene XFa0052) encodes
a protein similar to the virulence-associated protein D
(VapD) {5,12], found in many other bacterial pathogens
{13]. In Xf strains, the XFa0052 gene is also present in $J
strain (Citrus SJ), B4 strain (Citrus X1), and C13 strain
(Cofiee), but is missing in the Xf strains from phum, mul-
berry, grape, elm, almond, and ragweed [5]. In 306 strain
(Xac) and ATCC 33913 strain (Xcc) of Xanthamonas,
the virulence VapD> factor is missing [14].

In the study presented by Cao and Cover [15], the
vapD gene was detected in 61.3% of Helicobacter pylori
strains and was determined to be closely related to ORFs
of similar size found in several different bacterial species.
In A. actinomycetencomitans [16], Riemerella anatipes-
tifer [17], Rhodococcus equi [18,19], and Neisseria gonor-
rhoeae [20}, similar to X, fastidiosa, vaplD has been found

in plasmids, whereas in Haemophilus influenzae, this gene
1s chromosomal [21]. In Dichelobacter nodosus, a Gram-
negative anaerobic erganism that caunses ovine foot rot,
vapD), has been identified in both chromesomal and plas-
mid locations [22] and has been shown to encode & trans-
lated product of unknown function {131

The D. nodosuy chromesomal vapD gene is part of 2
larger vap region (designated vapABCE) that is found
in virvlent isolates significantly more frequently than
in benign isolates {13]. The Vapl) protein was gel puri-
fied, shown to contain the predicted amino-terminal se-
guence, and used to produce rabbit antibodies, Western
blots (immunoblots) showed that all of the D. nodosur
strains tested that contained the vap region produced
the VapD) protein [23].

The R equi sirains isolated from preumonic foals typ-
ically contain a large plasmid of about 85-90kb with a
27.5kb pathogenicily island containing seven vap genes.
Plasmid-cured isogenic mutants of virulent strains lose
their ability to survive on alveolar macrophages and fail
to induce preumenia in foals {18,19]. Furthermore, pneu-
monic foals had significantly more antibodies against
VapD>» and VapE than did healthy exposed foals. This
may indicate a difference in the expression of these iwo
Vap proteins during persistent infections.

There i only one report in the literature presenting
the expression and purification of these kinds of proteins
£23]. In this case, the authors presented the expression of
seven members of the Vap family {VapA and VapC to
VapH) from R equi produced in Escherichia coli as glu-
tathione S-ransferase fusion proteins. The proteins
were purified by glutathione-Sepharose 4B beads or just
concenirated by a protein agglutination protocol to ac-
cess the immume response of preumonic or health foals
and aduit horses.

Bespite the fact that several studies emphasize the
importance of VapD type proteins in bacteria pathogen-
esis, biochesnical data describing the biological role of
these proteins are rare in literature, making the study
of VapD) proteins a difficult task. In this report, the clon-
ing, expression, and purification of a protein refated to
virudence I (VapD)} from phytopathogen X, fawidiosa
are presented. The recombinant protein was expressed
in £ cofi and purified for crystaliographic studies. The
determination of the three-dimensional structure could
contribute towards the understanding of the importance
of Vap proteins in X fastidiosa pathogenesis.

Materials and methods
Materials
Bacterigl strains, plasmids, enzymes, and reagent

The reagents for PCR and oligonucleotide primers
were obtained from Invitrogen Life Technologies (Sio
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Paunlo, Brazil). The pET32Xa/LIC vector and the
BL21(DE3) strain were obtained from Novagen (Madi-
son, WI}, The QIAquick PCR purification kit and Ni—
NTA ({(nickel-nitrilotri-acetic acid} affinity resin were
obtained from Qjagen (Hilden, Germany). The chroma-
tography columns and the Coomassie biue reagent for
total soluble protein determination were purchased from
Bio-Rad (Hercules, CA). The molecular-mass marker
{(LMW) was puzchased from Amersham-Pharmacia
Biotech (Uppsala, Sweden). The agarose, protease
inhibitors, 3,5-dimethoxy-4-hydroxycinnarmic acid (sina-
pinic acid), a-cyano-4-hydroxycinnamic acid {CHCA),
lysozyme, bovine serum albumin (BSA), and trypsin
were purchased from Sigma Chemical (St. Louis, MO},

Methods

PCR amplification

The vapD gene of X. fastidiosa (ORF XFa0052) was
amphified by PCR using the purified genomic DNA as a
terplate. The PCR was carried out using the following
specific primers: forward primer $-GGTATTGAGGGT
COCATGATGGATCGC-3 and reverse primer 5-AG
AGGAGAGTTAGAGCCCTAATCATCAGG-3, with
stop codon (bold mucleotides in reverse primer). The
primers were designed to generate products with vector
cohesive overhangs {underlined), for efficient cloning
onto a pET32Xa/LIC vector. This vector is designed for
the heterologous protein expression which is fused to thi-
oredoxin {109 amino acids), His-tag (6 amino acids), and
S-tag (15 amino acids) sequences upstream fo the cloning
site (Fig. 2). The fusion tags together (Trx) have 17.6kDa
and can be removed by factor Xa cleavage [241.

The PCRs were carried out in 25 ul. volumes contain-
ing 2.5ul. of 10x reaction buffer, 1yl dNTPs {I0mM),
2.5 L of each primer (1 pmo¥/uL), 2.04L DNA template
{8.0ng/ul), and 1U Tag polymerase. The amplifications
were carried out using the thermal profile starting Imin
denaturation at 94°C, followed by 30 cycles consisting
of 94°C (Imin), 49°C (Imin and 30s), and 72°C
{Zmin) with an additional extension time at 72°C
(7min). After amplification, 10puL samples were sub-
Jected to clectrophoresis in a standard 1% agarose gel
to confirm the presence of amplified products (488 by

Cloning

The PCR products were purified and cloned in the
vector according to the manufacturer’s protocol {24].
. coli DH5a was used for the propagation of recotmbi-
nant plasmids, The competent DHS5w cells were trans-
formed with recombinant vectors by using  the
polyethylene glycol (PEG) method [25]. Cells were cul-
tured overnight at 37°C in Luria—Bertani broth (LB)
plates containing 50 pg/mL ampiciilin. The colonies were
maintained at —-80°C and checked by PCR, The vapD

87

CF. Catani er al. | Protein Expression and Purification 37 (3004} 320-326

insert of pET32Xa/LIC plasmid was sequenced to verily
the correct nucleotide sequencing.

Expression and purification of VapD fusion pratein

The recombinant plasmid with vapD insert was trans-
formed into K. coli BL21 {DE3) celis by PEG method.
The cells were grown in LB medism containing ampicil-
fin (50 pg/ml) at 37°C, 3001pm, for 184, An aliguot of
dml. of the culture was used to inoculate 1 L of the same
medium, maintained af the same culture conditions until
ODg reached 0.8. Expression of recombinant protein
was induced by the addition of IPTG 1o 2 final concen-
tration of ImM and cultivated for 2h, The culture was
harvested using 10min centrifugation at 6000g, 4°C,
and stored for further use at —20°C.

The bacterial peliet obtained from i L liguid culiure
was suspended in 45mL buffer A (50 mM Tris-HCl, pH
7.5; 300mM NaCl). The PMSF (1 mM), feupeptin {1 pg/
mL}, and pepstatin A (1 pg/ml.) protease inhibitors were
added, as well lysozyme (1 mg/mL). The cells were Jysad
by sonication on ice, in an anltrasonic cell disruptor
{Cole-Parmer Instrument, Chicago, IL, USA}. The ob-
tained lysate was centrifuged at 27,000g for 20min at
4°C. The supernatant containing soluble cellular material
{total volume 42mL) was used for purification procedure
using immobilized metal affinity chromatography
(IMAC). The colunn containing 6 mL of Ni-NTA. affin-
ity resin was equilibrated with 10 column volumes (CV)
from buffer A. The supernatant was loaded into the col-
umn by gravity, The colume was washed with 16 CV of
buffer B {(S0mM Tris-HCl, pH 7.5; 1.0M NaCl). Addi-
tional washing using 5 CV of buffer C (50mM Tris-
HC, pH 7.5; 300mM NaCl; and 5mM imidazole) was
performed. The bounded VapDD fusion protein was eluted
with 5§ CV of buffer D (30mM Tris-HCL pH 7.5; 300mM
NaCl; and 200 mM imidazole). Fractions were assaved for
total protein concentration and anatyzed by SDS-PAGE.

Cleavage of Trx-VapD fusion protein

The VapD protein was cleaved from the Trx-VapD
fusion protein using the protease trypsin. An aliguot
of irypsin solution at a concentration of 1mg/mi. was
added to a Trx-VapD fusion protein solution at a final
mass ratio of 1%. The mixture was incubated at room
temperature for 1h. The protease was inactivated by
PMSF at a final concentration of 1 mM. The proteolysis
products were analyzed by SDS-PAGE and the samples
were submitted to dialysis against buffer C to prepare
for the next purification step.

Purification of VapD protein

Separation of the cleavage products was performed
using the same Ni-NTA column mentioned above.
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The affinity resin was equilibrated with 10 CV of buffer
C. The sample with cleaved recombinant protein was
loaded inio the column by gravity, The unbound pro-
teins were washed out with 5§ CV of buffer C. The
bounded Trx fusion protein was eluted with 5 CV of
buffer A, containing 50mM imidazole. Fractions were
assayed for total protein concentration and analyzed

by SDS-PAGE.
Analytical assays

To estimate the amount of recovered recombinant
protein in the first chromatography, the SDS-PAGE
gel was analyzed by optic densitometry in a GeneGenius
Imager (Gateway, USA). The protein concentration was
assayed according to the Bradford method 126), using
bovine serum albumin (BSA) as the protein standard.
More accurate estimates for purified VapD concentra-
tion were carried out based on the method described
by Pace and Schmidt [27]. This method is based on
UV absorbance spectroscopy at 280 nm using extinction
coeflicients from residues of tryptophan, tyrosine, and
disuifide bonds. The calculated extinction coefficient of
VapD protein was 0.916gL "em™". The sequence of
purification was monitored by SDS-PAGE performed
using a 4% stacking gel and 13.5% separation gel under
reducing conditions [28]. The gels were stained using
Coomassie Brilliant Blue R-250 and destained with a
3% methanol and 10% acetic acid solution.

Circular dichroism spectroscopy

Circular dichroism (CD) spectra of the purified pro-
tein in solution were measured with a Jasco J-810 Spec-
tropolarimeter  dichrograph  (Japan  Spectroscopic,
Tokyo, Japan). The CD spectra were generated using
& guartz cuvetie with a cell path with a length of
LOmm, containing 200ul. VapD protein (0.1mg/mL)
in 5mM Tris-HC! buffer, pH 7.5. Four scans in the
250-190nm range at a rate of 20nm/min at 20°C were
recorded for sample and average measurement.

Yo . K¥
Yaph.ah
Vapt. BAZ
VapD. 59
Vapd, RAL

PR LER
Vgt i

Mass spectrometry

The VapD protein mass spectroscopy gnalysis was
carried out in a matrix-assisted laser desorption ioniza-
tion time-of-flight (MALDETOF) MALDLLR mass
spectrometer (Micromass, USA). The trypsin-digested
VapD) protein was analyzed in the spectrometer using
the reflecting mode, and intact protein was analyzed
using the linear mode, according 10 the equipment man-
ufacturer’s instructions. The matrixes used for trypsin-
digested protein {peptides) and intact protein samples
were CHCA and sinapinic acid, respectively. The masses
of moneisotopic peaks, with relative intensity higher
than 5% of the most intense peak in the spectrum, were
used for comparison to a theoretical digestion of the
protein by trypsin, using the MS-Digest program
(hitp:fprospector.uesf.edu).

N-terminal sequence

The purified protein was loaded in a 12% SDS-poly-
acrylamide gel, electroblotied onto a PVDYF membrane
{Bic-Rad, Hercules CA) using the tramsfer buffer
{0.29% glycine; 0.58% Tns-HCL, 0.037% SDS; and
20% methanol} and stained with Pouncean dye. A por-
tion of the stained VapD protein was excised and
loaded into a Protein Sequencer PPSQ-23A (Shimadzu,
Japan)} according to the equipment manufacturer’s
protocols.

Resolts and discussion

Expression and purification of the VapD protein

The VapD) protein belongs to a family of virulence-
associated proteing (Vap family) with an unknown func-
tion. The comparative alignment revealed that the VapD
protein of X, fastidiosa has a stronger similarity with the
N-terminal sequence of other proteins that belong to the
VapD protein family (Fig. 1}.

QKR EAF BN AL ONERRGLIDR
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TRpD, P LWL sresERYERL mg{;ms LENKTY I AP NG - -
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Vgl RATD
Vaplr. 2%
Vaplh, khl

Fig. 1. Comparison of amino acid sequences of the viralence-associated protein of X. fastidiesa (YapD) to that of A. actinomycetermcomitany VapD
homolog (VapDd. AA, GenBank D88189}, B anaripestifer (VapD. RA1 and VapD. RAZ, GenBank L22308), and H. pylori (Vaply. HP, GenBank

U943}] 8)._Letters shaded in black indicate amino acids that are identical in at least two of the VapDs, Conserved substitutions are shaded in gray and
gaps are indicated by dashes that were introduced 1o allow optimal alignment.
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In this work, the genc for VapD from X fastidiosa
was amplified by PCR using primers designed to clone
onto the pET32Xa/l.IC vector. The gene was easily
cloned onto the vector and suceessfully transformed in
E. coli DH5x strain. The sequence of the gene was ver-
ified by nucleotide sequencing and transformed into
BL21{DE3) strain. Time course studies for the induction
of protein expression using IPTG, analyzed by SDS-
PAGE, led to a maximum expression of Trx-VapD at
an induction time of 2k at 37°C. The recombinant
YapD) protein had high expression in soluble form,
expressing 13mg of profein per liter of culture. How-
ever, the Trx-VapD fusion protein was also visualized
in the pellet, indicating that part of the protein was also
expressed as an insoluble form,

Crude bacterial protein exiract from lysed cells was
purified using the Ni-NTA affinity column (Fig. 3, lanes
2 and 4). A high amount of Trx-VapDD fusion proteins
was obtained at this first purification step taking advan-
tage of the His.tag fusion protein (Fig. 3, lane 4). The
SDS-PAGE result indicated a protein with an apparent
molecular weight of about 35kDa {corresponding to the
Trx-VapD fusion protein) with purity level higher than
90%. In this step, the amount of recombinant protein
was 12mg/L. of initial culture. Following the vector
manufacturer’s instructions, the recombinant protein
was incubated with factor Xa in order to separate VapD
protein from fusion tags {24]. Although different temper-
atures, incubation time, and factor Xa concentration
were tested, only unspecific cleavage of the recombinant
protein was noted. After exhaustive tests using different
proteases, the best cleavage results were found using
trypsin. The protease hydrolyzed the Trx-VapD fusion,
resulting in two fragments of 19kDa (VapD protein)
and 15kDa (Tx tag) (Fig. 3, line 5), which were subse-
quently separated on the Ni-NTA column. As a result,
the Trx tag carrier was bound {o the column (Fig. 3, lane
7) while the VapD protein passed through the column

T7 prameizt

and was coliccted in the fiowthrough fractions (Fig. 3,
lang 6). The final amount of the highly purified VapDs
proiein was &.5mg/L. of the initial culture.

Muss spectromerry and N-terminal sequence analysis

The identity of the resulting protein product was con-
firmed by trypsin digestion foliowed by MALDL-TO¥
analysis. The analyses of intact protein showed & molec-
ular mass of 19,481 Da, a value 1.843 Da zbove the theo-
retical molecufar mass ealewlated from primary amino
acid sequence {17.638 Da) provided by the software Pro-
tein Parameters Tools fwww expasy.org/cgi-binfprotopa-
ramy). This indicates that the trypsin did not hydrolyze the
fugion protein after the arginine residue present at the
LIC site, as indicated in Fig. 2. Since trypsin is known
to hydrolyze proteins preferentially at the carboxyl side
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Fig. 1 Purfication of the VapD protein expressed i E ool
BLZHDIES), 13.5% SDS-PAGE gel Lane 1, molecular weight mark-
ers; lane 2, cells over producing Tre-VapDd fusion protein; lane 3,
nnbound fraction after passage over affinity column; fane 4, fraction
cluted with 200mM imidazole from affinity column; lane §, ehuted
fraction cleaved by trypsin; lane 6, VapD protein purified using affinity
column; and lane 7, Trx tag fraction cluted with S0mM imidazole.
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Fig. 2. Nucleotide and amino acid sequences of the pET 32Xs/LIC plasmid near the site of the vapD pene insertion. The site of amino acid arginine

cleaved by trypsiu is bolded,
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Fig. 4. Circular dichroism spectrim of the purified VapD protein. The
spectrum was penerated using VaplD) protein concentration of 0.3 mg/

mi. i a Trs-HCI buffer {(SmM, pH 7.5). Four scans in 2 250-180nm
range at a rate of 20mw/min at 20°C.

of arginine or lysine residues, the analysis of the protein
sequence next to the LIC site may indicate the trypsin
hydrolysis site. Fig. 2 presents the amino acid sequence
next to the LIC site and the probable trypsin cleavage site
(an arginine residue). The site is located 20 residues far
from the initial protein methionine adding an extra tail
of approximately 1.85kDa (theoretical molecular weight
of 19.49kDa). This explains the result found by MALDI-
TOF spectrometric analysis (19.481 Da). The N-terninal
sequencing of the purified protein (Gln-His-Met-Asp-
Ser-Pro-Asp) confirmed that the hydrolysis occrrred pre-
cisely at the arginine residue, at a distance of 20 amino
acids from the target protein (Fig. 2).

The peptide profile found for the mass spectroscopy
aralysis of the digested VapD was compared to the the-
oretical digestion of the protein (VapD + 19 aa) using
the MS-Digest program. Nine different peptides were
found, the molecular masses of which matched {differ-
ence lower than 1.0Da) those of the expected peptides
(data not shown). This result confirms the protein iden-
tity and indicates the cleavage site.

Circular dichroism analysis

To investigate the integrity of the purified VapD pro-
tein, it was analyzed by CD spectroscopy. The protein
presented a predominant signal of a-helices, with a max-
imum in ellipticity at 190nm and minimum at 208 and
212nm (Fig. 4). This result is in agreement with second-
ary structure prediction from the PSIPRED program
{(http//:bioinf.cs. ucl.acul/psipred). The random coil
conformation, with minimum signal at 195nm and max-
tmum at 212nm, could not be noted. This result indi-
cated that the protein was folded and stable, being
appropriate for crystallographic studies. From our
knowledge, this is the first preliminary structural analy-
sis of a VapD) protein.

Conclusion

The original goal of the project, the cloning, expres-
sion, and purification of 2 VapD protein in sufficient
amount and purity for structural studies by proiein erys-
tallography, was fully achieved. Over-expression as a fu-
sion protein with large soluble tag proved to be a proper
method to obtain a high vield of the recombinant protein.
Unfortunately, atiempts 1o separate VapD) protein from
Trx tag failed, since the factor Xa was not able to cleave
the recombinant protein at the expected site. Although
the VapD protein is still associated with a 19 amino acid
peptide, crystallization studies of this protein are currently
in progress in our laboratory. The resolution of the three
dimensional structure could help in the knowledge of the
Vap proteins in the pathogenesis of X. fastidiosa.

To our knowledge, there are no genetic experiments
underway with vapD mutants of X. fastidiosa. Since it
is known that R equi plasmid-cured mutants for sapD
lose the ability to survive in macrophages and fail to in-
duce pneumenia in foals [29,30], & similar experiment
for X fastidiosa (using a cured pXF51 plasmid) could
be valuable to understand the biotogical rofe of this pro-
teint it the CVC disease,
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