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Resumo

A hepatite B constitui um grave problema de satde publica. Dados epidemioldgicos
estimam que aproximadamente 350 milhdes de pessoas sdo portadores do virus da hepatite
B (HBV). Admite-se que a infec¢do evolui para a cura em média 95% dos casos, entretanto
nos portadores cronicos a infeccdo pode evoluir para cirrose e carcinoma hepatocelular
(HCC). Ha& um crescente acumulo de evidéncias que relaciona a proteina HBx do HBV ao
desenvolvimento do HCC. A maioria dos estudos sobre a funcdo da proteina HBx sugere
que ela é uma proteina reguladora de funcdes pleiotropicas com a capacidade de induzir o
crescimento tumoral. Isso é possivelmente devido a sua capacidade de interagir com uma
vasta gama de proteinas celulares.

No presente estudo investigamos os aspectos moleculares da estrutura e funcdo da
proteina HBX e os resultados foram contextualizados no processo de transformacéo celular.
Observamos pela primeira vez a capacidade da proteina HBx em se ligar ao RNA contendo
sequéncias ricas em adenina e uracila (AU), que sdo presentes em alguns proto-oncogenes
como c-myc e c-fos. A geracdo de proteinas truncadas permitiu mapear a regido de
interacdo entre HBx e RNA. Realizamos ensaios de mutacdo sitio-dirigida em HBX e
substituimos todas as cisteinas por serinas. Nossos resultados sugerem que as cisteinas na
proteina HBx sdo de menor importancia para a sua interacdo com o RNA e com as
proteinas humanas p53 e RXR. Descobrimos ainda uma nova proteina humana que interage
com HBXx: E4F. Este fator de transcricdo humano esta relacionado com o controle do ciclo
celular, com a segregacdo cromossomica e com a embriogénese. Ensaios em leveduras e in
vitro mostraram que HBXx selvagem, bem como as suas formas mutadas, foram capazes de
interagir e regular a funcdo de E4F, indicando um possivel novo mecanismo para a
transformacdo celular e a regulacdo da transcricdo viral, uma vez que E4F exibiu uma

capacidade de interagir com a regido “enhancer I1” do genoma do HBV.
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Abstract

Viral hepatitis is an important global public health problem. Epidemiological data
show that worldwide 350 million people are chronically infected with the hepatitis B virus.
About 95% of the infections cure spontaneously, but the chronically infected patients may
develop liver cirrhosis or even hepatocellular carcinoma (HCC). A large body of evidence
points to the viral onco-protein HBx as the principal cause for the cellular transformation.
The majority of studies on HBx function suggest that it is a regulatory protein with
pleiotropic functions and its capacity to induce tumor growth may be due to its ability to
interact with a diverse array of cellular proteins.

In the present study we investigated molecular and structural aspects of the function
of the HBXx protein in order to be able to shed light on the process of cellular
transformation. We were able to demonstrate that HBx protein has the ability to bind to an
AU-rich RNA sequences present in the mRNAs of certain proto-oncogenes such as c-myc
and c-fos. The generation of truncated proteins allowed to map the region of interaction of
HBXx with the RNA. Furthermore, we performed site directed mutagenesis studies of HBx
protein and substituted all of its cysteine residues with serines. Our data suggest that the
cysteine residues in the HBx protein are of minor importance for its interaction with RNA,
p53 and RXR proteins. Finally, we discovered in E4F a new human interacting protein
partner for the HBx protein. The transcription factor E4F has been functionally implicated
in the control of the cell cycle, the chromosomal segregation and embriogenesis. In studies
using the yeast we further showed that wild-type HBX, as well as its mutated forms, can
physically interact with the E4F protein and regulate its function. This indicates a possible
new mechanism of cellular transformation and the regulation of the viral transcription,
since the human protein E4F demonstrated the capacity to bind to the enhancer Il region of

the HBV genome.
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| - Introducéo

As hepatites virais sdo doencas provocadas por diferentes agentes etiologicos com tropismo
pelo tecido hepético, e que apresentam diferentes caracteristicas epidemioldgicas, clinicas,
imunoldgicas e laboratoriais. Podem ser agrupadas, segundo o modo de transmissdo, em dois
grupos: as de transmissdo parenteral/sexual (hepatite B, C e D), e as de transmissdo fecal-oral
(hepatite A e E). As hepatites A e E sdo doencas autolimitadas, cuja morbimortalidade depende da
faixa etaria acometida e de outras condicdes. As hepatites B, C e D provocam infec¢bes cronicas
em percentual variado das pessoas infectadas, e podem evoluir para insuficiéncia hepatica grave
(cirrose) ou hepatocarcinoma.

As hepatites virais sdo um importante problema de satde pablica no mundo. A prevaléncia
do antigeno-HBYV €é menor (menos que 1%) nos paises desenvolvidos, como na Europa e nos EUA.
Altas taxas (entre 5% a 20%) estdo presentes em paises como China, nos paises da Africa, do
Oriente Médio e da América do Sul. A Organizacdo Mundial de Saude estima que cerca de dois
bilhdes de pessoas ja tiveram contato com o virus da hepatite B (HBV). No mundo, sdo cerca de
350 milhdes de portadores cronicos da hepatite B e 170 milhdes da hepatite C. No Brasil, o
Ministério da Saude (MS) estima que pelo menos 15% da populacdo ja teve contato com o virus da
hepatite B e 0s casos cronicos de hepatite B e C devem corresponder a cerca de 1,0% e 1,5% da
populacéo brasileira, respectivamente (MS/Brasil, 2002).

A maioria das pessoas desconhece seu estado de portador e constituem elo importante na
cadeia de transmissdo do HBV e HCV, que perpetua as duas doencas. Os estudos epidemioldgicos
sobre a hepatite B na populacdo brasileira sdo poucos e em populacOes restritas. Apesar da
escassez de informacdes sobre a infeccdo pelo virus da hepatite B no Brasil, sabe-se que a bacia
amazonica é a regido de mais alta prevaléncia desta infeccdo (Torres, J.R., 1996). Outras regides
brasileiras com alta prevaléncia do HBV sdo parte do Estado do Espirito Santo, o oeste dos
Estados do Parana e de Santa Catarina (Souto, F.J.D., 1999). Os bancos de sangue identificaram no
ano de 2000, cerca de 12.600 portadores do HBV e 13.000 portadores do HCV entre dois milhdes
de doadores. Entre os 386 transplantes hepaticos realizados no ano de 2001, ao custo de R$
23.096.373,00, as hepatites virais foram a principal indicacdo do procedimento.
Inquestionavelmente, as hepatites virais, principalmente as formas cronicas da hepatite B e C,
provocam grande morbimortalidade na populagéo brasileira.



A hepatite B apresenta cura espontanea em até 95% dos casos, mas a taxa de cronificacdo
varia de acordo com a idade da infeccao, de 85% em recém-nascidos e entre 6% a 10% em adultos.
Cerca de 50% dos doentes cronicos desenvolvem cirrose hepatica ou carcinoma hepatocelular.

O genoma do HBV é constituido por um DNA circular de fita parcialmente dupla com 3,2 kb
de comprimento. Filogeneticamente, 0 HBV esté relacionado aos retrovirus e pertence a familia
hepadnaviridae, género orthohepadnavirus (Schaefer, S. et al, 2003). O genoma do HBV tem
quatro ORFs, as quais sdo denominadas de S, C, P, e X. A regido S codifica glicoproteinas da
superficie do virus, enquanto que C codifica a proteina do ndcleocapsideo e o gene P é a regido
codificadora para a transcriptase reversa. A ORF X codifica a proteina transativadora HBX, que
pode aumentar a expressdo de genes homoélogos e heterdlogos em ensaios de cultura de células
(Hollinger, F.B., 1996).

A proteina HBXx € sintetizada na célula durante o processo de infec¢do viral, e consiste em
154 residuos de aminoacidos, com um peso molecular de 17 kDa. Evidéncias apontam que ela esta
relacionada com o desenvolvimento do HCC (Hohne, M. et al, 1990; Lo, S.J. et al, 1988). Em ratos
transgénicos para HBx, ha uma suscetibilidade extremamente alta para o desenvolvimento de
tumores no figado: 75% dos animais HBXx-transgénicos desenvolvem HCC (Kim, C.M. et al,
1991). Esta descoberta estd de acordo com os resultados epidemioldgicos, confirmando a
existéncia de uma forte relagdo entre a infeccdo pelo HBV e o aparecimento de tumores de figado.
Tais dados enfatizam uma funcéo crucial da proteina HBx no estabelecimento do HCC.

Varios efeitos em diferentes niveis de ativacdo génica tém sido propostos para 0 mecanismo
de acdo da proteina HBX, por diferentes pesquisadores. Hojima sugeriu que HBx pode desenvolver
a formacdo de hepatocarcinoma celular por interferir com a atividade das telomerases durante o
processo de proliferacdo dos hepatdcitos (Kojima, H. et al, 2003). Forgues examinou o efeito de
HBx sobre os centrossomos e descobriu que a proteina viral induz a formacdo de fusos
multipolares, provenientes da ocorréncia anormal de véarios centrossomos e que tal fenbmeno
ocasionaria um aumento na frequéncia de mitoses andbmalas e a transmissdo de erros aos
cromossomos (Forgues, M. et al, 2003). HBx também esta associada com o0 estresse oxidativo com
significante dano ao figado. Em células transfectadas com HBX, Yi observou a diminuicdo da
expressdo da selenoproteina e o aumento de TNF-a. ocasionando um aumento de trés vezes na
peroxidacdo de lipidios (Yi, Y.S. et al, 2003). A angiogénese e 0 processo de metastase séo
importantes durante a hepatocarcinogénese. Yoo explorou a possibilidade de HIF-1a, um potente



indutor transcricional de fatores angiogénicos, ser alvo de HBx e seus estudos revelaram que a
HIF-1a foi estabilizada e translocada para o nucleo da maioria das células analisadas (Yoo, Y.G. et
al, 2003). Tal como a precisa origem do cancer de figado, desencadeado por HBx ser um mistério,
0S processos pro-apoptdticos também sdo pouco compreendidos. Shirakata mostrou que a
localizacdo de HBx na mitocondria fez com que as células transfectadas entrassem em apoptose
devido a uma perda do potencial de membrana da mitocondria, que foi desencadeada pela
disfuncdo da permeabilidade do complexo da transicdo do poro (PTP) (Shirakata, Y. e Koike, K.,
2003). Um outro trabalho demonstrou a interacéo direta entre HBXx e a proteina inibitoria FLICE,
um regulador chave no complexo sinalizador indutor de morte celular (DISC). O sequestro de
FLICE por HBx tornou a célula hipersensivel para o sinal apoptético de TNF-a (Kim, K.H. e
Seong, B.L., 2003).

Hoje é aceito que a proteina viral HBx é responsavel pela transformacao celular. Muitos
estudos, com enfoque molecular, foram realizados com esta proteina na tentativa de elucidar o
mecanismo pelo qual ela é capaz de transformar uma célula normal em uma célula tumoral. As
pesquisas com a proteina HBx, até o momento, confirmam que sua a capacidade de induzir a
tumorogenicidade, e outros efeitos pleiotropicos, é devida a sua habilidade em interagir com uma
diversidade de proteinas celulares, cuja funcdo abrangem os fatores de transcri¢cdo: RXR (Kong,
H.J. et al, 2000), TBP (Wang, H.D. et al, 1998), RPB5 (Cheong, J.H. et al, 1995), TFIIB (Haviv, I.
et al, 1998); proteinas de reparo ao DNA UV-DDB1 (Bontron, S. et al, 2002), ERCC2 (Qadri, I. et
al, 1996a) e ERCC3 (Wang, X.W. et al, 1994); proteinas classificadas como supressores de tumor
p53 (Chung, T.W. et al, 2003), pRB (Choi, B.H. et al, 2001); na transducdo da sinais celulares
ERK (Noh, E.J. et al, 2004); no metabolismo de RNAs (Rui, E. et al, 2001); no controle do ciclo
celular Ciclina A (Bouchard, M. et al, 2001) entre outros. A cada ano novos trabalhos geram mais
informacdes sobre HBX, fornecendo importante contribuicdo para a compreensao da interferéncia
da proteina viral nos processos celulares. Algumas destas publicacdes relaciona HBx com outras
novas proteinas celulares como apolipoproteina-B (Kang, S.K. et al, 2004), metalloproteinase-9
(Chung, T.W. et al, 2004), HSP60 (Tanaka, Y. et al, 2004) e HIF-1alfa (Moon, E.J. et al, 2004).
Assim, acumulam-se muitas evidéncias que sugerem um carater multifuncional da proteina HBx

nas células hospedeiras.



Il - Objetivos

O objetivo geral deste trabalho foi contribuir com novas informagdes sobre como se processa
a transformacdo celular desencadeada pela proteina HBx do virus da hepatite B em células
hepéticas. Analisamos a estrutura e a funcao desta proteina viral com o intuito de compreender sua
multifuncionalidade nas células hospedeiras e entender como a proteina HBx tem a capacidade em

interagir com varias proteinas humanas.

Objetivos especificos

1. Expressar e purificar a onco-proteina HBx do virus da hepatite B em bacteéria (E. coli.) para

estudos estruturais e funcionais.

2. Desenvolver um teste de atividade bioldgica rapido e simples para estudar a funcionalidade

da proteina recombinante HBx produzida em E.coli.

3. Gerar proteinas HBx truncadas para mapeamento de sitios de interacdo com RNA.

4. Realizar estudos estruturais com a proteina HBx por técnicas espectroscopicas como

dicroismo circular, a fluorescéncia e ressonancia nuclear magnética.

5. Realizar ensaios de mutacao sitio-dirigida para investigar a importancia das cisteinas sobre

a funcéo e a estrutura da proteina HBX.

6. Investigar pela técnica de duplo-hibrido em levedura a interacdo com proteinas humanas

relacionadas ao controle do ciclo celular ou com a transformacéo celular.



111 - Materiais e métodos

Os reagentes quimicos utilizados no preparo de solugdes e nos experimentos de purificacao
de proteinas foram obtidos das empresas Aldrich, Fluka, Merck, Sigma ou Synth. No caso dos
experimentos de biologia molecular, os reagentes especificos, as enzimas de restricdo e 0s seus
tampOes adequados, foram obtidos das empresas Amersham Pharmacia Biotech, Fermentas,
GIBCO-BRL, New England BioLabs, Promega, Roche ou Stratagene. Os “kits” apropriados foram
obtidos das empresas Amersham Pharmacia Biotech, PE Applied Biosystems, Pharmingen,
QIAgen, Roche, Santa Cruz Biotechnology ou Stratagene, e estdo indicados no texto conforme a
sua utilizacdo. As sequéncias dos oligonucleotideos usados neste projeto estdo na tabela 1 e a

composicao das solugdes, dos tampdes e dos meios de cultura esta descrita na tabela 2.

1 - Genes, vetores e células

Linhagens de bactérias (Escherichia coli)

Neste trabalho foram utilizadas duas linhagens de bactérias Escherichia coli (E. coli):
DH5a (Hanahan, 1983) para propagacéo de plasmideos e BL21 (DE3) para expressao de proteinas
(Studier e Moffat, 1986).

Linhagens de leveduras (Saccharomyces cerevisiae)

Linhagem W303 (genotipo ade2-1/ade2-1; ura3-1/ura3-1; his3-11,15/his3-11,15; trpl-
1/trpl-1; leu2-3,112/leu2-3,112).

Linhagem L40 (gendtipo ade2-1/ade2-1; his3-11,15/his3-11,15; trpl-1/trpl-1; leu2-
3,112/leu2-3,112).

Obtengéo do gene HBx

O plasmideo pCMV-ad contendo o gene que codifica a proteina HBx selvagem (1-154
aminoacidos; subtipo ayw) foi cedido pelo Dr. Robert. J. Schneider da Universidade de Nova York
(Estados Unidos). O plasmideo pCMV-ad/HBx foi usado como “template” (molde) na reacédo de
polimerizacdo em cadeia (PCR) para amplificar o gene HBX, para gerar proteinas truncadas, para
inserir mutagdes pontuais e para posteriores subclonagens nos vetores de expressdao em E.coli e

leveduras.



Obtencéao do gene p53

O plasmideo pGEX-2TK contendo o cDNA completo da proteina p53 humana em fusdo com
GST foi fornecido pelo Dr Gianni Del Sal (Laboratorio Nazionale CIB, Trieste, Itdlia). O cDNA
de p53 foi usado como “template” em ensaios de PCR para amplificar o gene e para posterior

subclonagem no vetor de expressdo em leveduras pGAD424.

Obtencéo do gene E4F

O plasmideo pCITE/E4F2.5Kb contendo o cDNA completo de E4F, cedido pelo Dr Robert J.
Rooney da Duke University/USA, foi usado como template em PCR para a amplificacdo do gene e
para as subseqlentes subclonagens nos vetores pACT2 e pGex-5X2, para a geracao das proteinas

truncadas.

Obtencédo dos genes RXR e UV-DDBI
O cDNA das duas proteinas foram isolados, em nosso laboratério, de clones de leveduras

selecionadas em ensaios de duplo-hibrido, por sua capacidade em interagir com a proteina HBX.

Vetor de expressdo em bactérias pET-28a +

No vetor pET 28a+, fornecido pela Novagen, a seqiiéncia do cDNA de uma proteina pode ser
inserida no pET28a+ sob o controle do promotor T7 (induzivel por IPTG) e ser utilizado para
transformar E. coli (BL21). Como resultado, a proteina recombinante possui um sitio de clivagem
por trombina na parte N-terminal da proteina seguida por uma sequéncia que codifica
consecutivamente seis residuos de histidinas (His-tag) que foi utilizado em nossos trabalhos para
0s processos de purificacdo. Este plasmideo possui 5369 pares de bases (pb) e um gene que
confere resisténcia ao antibiotico kanamicina a bactéria. Os cDNAs inseridos neste vetor podem
ser sequenciados pelos oligonucleotideos pET-S e pET-AS (tabela 1)

Vetor de expressdo em bactérias pGEX-2TK
O vetor pGEX-2TK, da empresa Amersham Pharmacia Biotech, foi desenhado para induzir
altos niveis de proteina intracelular em fusdo com a proteina GST (Glutathione S-Transferase). O

gene codificante de uma proteina pode ser inserido (via BamHI e EcoRl), fusionado ao GST,



subclonado em E. coli (BL21) e, sob o controle do promotor tac pode-se induzir a expressdo da
proteina recombinate por IPTG. A proteina recombinante possui ainda um sitio de clivagem para
trombina codificada pela regido 918-935 do vetor, qual pode ser utilizada na clivagem entre a
proteina de interesse e 0 GST. Este plasmideo possui ~4,9 kb e contém um gene que confere

resisténcia ao antibidtico ampicilina a bactéria.

Vetor de expressao em levedura pGAD424 e pACT?2

Ambos os vetores de expressao em levedura sdo fornecidos pela Clontech. Estes vetores
possibilitam a expressdo de uma proteina hibrida (sob o controle do promotor ADHI) que possui o
dominio de ativacdo da transcricdo de Gal4 na parte C-terminal. Os cDNAs inseridos nestes
vetores, proveniente de uma biblioteca, podem ser seqlienciados pelos oligonucleotideos Gal4 e
ScrAmp-AS (tabela 1). Como marcador de sele¢do os vetores contém o gene de resisténcia a
ampicilina para propagacdo em E. coli. Em leveduras, complementam a via metabdlica para a

biossintese de leucina (LEU2).

Vetor de expressdo em levedura pBTM116

Vetor de expressdo em levedura fornecido pela Clontech. O vetor pBTM116 possibilita a
expressdo de uma proteina hibrida (sob o controle do promotor ADHI), que possui 0 dominio de
ligacdo a0 DNA LexA na parte C-terminal e uma proteina de interesse como “isca” na parte N-
terminal. Contém o gene de resisténcia a canamicina para propagacdo em E. coli. Em levedura,
complementa a via metabolica para a biossintese de triptofano (Trpl). Os cDNAs inseridos neste
vetor podem ser seqlienciados pelos oligonucleotideos pBTM-S e pPBTM-AS (tabela 1).

Vetor de integracdo ao genoma de levedura pLacZi

O plasmideo pLacZi foi desenhado pela Clontech para integrar-se ao genoma da levedura
carregando; uma seqiiéncia de DNA de interesse, o promotor minimo iso-1-cytochrome C
(PCYCL1), o gene repérter LacZ e o gene URA3 de complementacdo para biossintese da uracila
como marcador de selecdo em levedura. O gene URA3 é usado como um marcador de integracéo
dentro do lécus ndo funcional de uracila, da linhagem Saccharomyces cerevisiae cepa W303. O
DNA alvo ¢ inserido no sito de clonagens multiplas a upstream do PCYC1 e do repérter LacZ. O

pLacZi ndo pode se replicar autonomamente em levedura pois ndo ha no vetor o elemento de



origem em levedura. Este plasmideo contém o gene de resisténcia a ampicilina para selecdo e
propagacdo em E.coli. Os DNAs inseridos neste vetor podem ser seqlenciados pelo

oligonucleotideo PLacZi-S (tabela 1)

A biblioteca de cDNA de cérebro fetal humano

Uma Biblioteca de cDNA de cérebro fetal humano foi adquirida da Clontech ( Cat.n®
HL4028AH). Os cDNAs provenientes deste tecido foram inseridos no vetor pACT2 em fusdo com
0 gene que codifica o dominio de ativacdo da proteina GAL4 de levedura. O uso de uma biblioteca
oriunda de um tecido em fase embrionaria é recomendado pelo fato de que as células estdo em
plena atividade metabdlica. Muitos dos genes quiescentes no tecido “maduro” sdo ativos na fase
embrionéria. Para a amplificacdo da biblioteca transformamos células de E. coli (cepa BNN132)
para que se obtivesse um nimero aproximado de 0.5 x 10° clones. As células transformantes foram
plagueadas em placas de 150 mm de didmetro e incubadas a 37 'C por toda noite. As coldnias
foram coletadas acrescentando-se 5ml de meio LB-A/Glicerol 20% por placas e depois de
homogeneizadas, as células foram aliquotadas em tubos de 50ml e estocados a —80 'C. Duas
aliquotas foram utilizadas para extracdo dos plasmideos por maxi-preparacdes de acordo com as

especificacbes do fabricante do QIAgen Plasmid — Maxi-Purification (QlAgen).

2 - Manipulacéo de acidos nucléicos

Amplificagdo de DNA pela reagdo de PCR

A 1 pl do DNA template (cerca de 40 ng) foram adicionados 1 ul (10 pmol) dos
oligonucleotideos sense e anti-sense (especificos para cada ensaio), 1 ul de dNTP a 10 mM, 2,5 pl
do tampédo Taq DNA polimerase 10X, 1 ul Tag DNA polimerase (0,1 U/ul), e 16,5 ul de agua
destilada para totalizar um volume de 25 ul de reacéo, realizadas sempre em triplicata.

Em média, ensaios de PCR consistiram de 30 ciclos de amplificagGes (desnaturagdo a 95 °C
por 1 minuto; anelamento por 1 minuto, com temperatura variavel entre 50 °C a 65 °C; extenséo a

72 °C por 3 minutos) seguidos de uma extensdo final de 72 °C por 5 minutos.



Purificacdo de fragmentos de DNA e de produtos de PCR

Os produtos de amplificagdo por PCR foram purificados com o QIAquick spin — QIAquick
PCR purification kit (Ql1Agen) ou com o QIAquick Extraction Gel Kit (QIAgen), de acordo com o0s
protocolos fornecidos pelo fabricante.

Digestdo de DNA com endonucleases de restricdo

Os plasmideos e os produtos de amplificacdo por PCR previamente purificados foram
digeridos com as endonucleases de restri¢cdo especificas para cada clonagem (tabela 1), de acordo
com a metodologia descrita em Sambrook (Sambrook, J. et al, 1989). Para cada ug de DNA
utilizou-se 1 U (unidade) de enzima para a digestdo dos plasmideos e dos produtos de amplificacdo
por PCR, e as reacdes prosseguiram em banho termostatizado a 37 °C por um intervalo variavel de

3 a 20 horas. As reacOes de digestdo foram inativadas a 80 °C por 10 minutos.

Reacoes de ligacado e transformacao de bactérias competentes

As ligacdes dos vetores de clonagens aos fragmentos de DNA previamente digeridos e
purificados foram realizadas de acordo com a metodologia descrita em Ausubel (Ausubel, F.M. et
al, 1995). Os plasmideos obtidos foram utilizados para a transformacdo de bactérias Escherischia
coli cepa DH5a. e BL21 de acordo com a metodologia descrita em Sambrook (Sambrook, J. et al,
1989). As colbnias obtidas com a transformacdo de bactérias competentes (E. coli DH5a), e
selecionadas através do PCR, foram incubadas em meio Luria-Bertani (LB) contendo 50 pg/ml de
antibidtico especifico (ampicilina ou canamicina) por 18h/200rpm/37°C. O DNA plasmideal foi
extraido com o Miniprep Plasmid DNA kit, Midiprep Plasmid DNA kit ou com o Maxiprep
Plasmid DNA kit (QlAgen).

Para confirmar a presenca dos insertos dos cDNAs, 4 ul (1,6 ug) de DNA plasmideal
recombinante foram digeridos com as endonucleases de restricdo especificas para cada
subclonagem. Apds 3 horas de incubagcdo em banho-maria a 37°C, as amostras de digestdo foram
submetidas a eletroforese em gel de agarose 1%. Aqueles plasmideos contendo o inserto desejado
foram sequenciados e entdo transformados em bactérias competentes BL21, para posterior
expressdo da proteina recombinante, de acordo com a metodologia descrita em Sambrook
(Sambrook, J. et al, 1989).



Sequénciamento, andlise e identificacio dos clones.

Os DNAs foram sequenciados com base na técnica de Sanger (Sanger, F. et al, 1977)
utilizando-se um sequenciador automatico de DNA ABI PRISM 377 Genetic Analyser (Applied
Biosystems). ReagOes de sequénciamento foram feitas utilizando-se 400ng dos DNAs.
Oligonucleotideos foram utilizados na concentracdo de 3,2pmol. Todas as reacGes foram
preparadas de acordo com a metodologia contida no manual de instrucdes do fabricante do DNA
Sequencing kit Big Dye ( Terminator Cycle Sequencing Read Reaction (PE, Applied Biosystem).

As sequéncias geradas foram analisadas pelo software ORF Finder (Open Reading Frame
Finder) quanto ao frame em relagéo ao vetor, inicio e término do inserto e presencga ou auséncia de
cédigo de término de traducdo (stop codon) (http://www.ncbi.nlm.nih.gov/gorf/gorf.htm). Para a
identificacdo dos cDNAs da biblioteca inseridos no plasmideo pACT2 nds confrontamos o
resultado do sequenciamento com os dados depositados no banco de dados do NCBI
(http://www.ncbi.nlm.nih.gov/) através software BLAST (www.ncbi.nlm.nih.gov/BLAST/) que

compara a homologia entre seqliéncias de nucleotideos.

Alinhamento

Depois do tratamento e analise das seqiiéncias de DNA procedemos a decodificacéo,
obedecendo o frame do vetor, para seqiiéncias de aminoacidos. As sequéncias foram alinhadas
pelo software Multalin (http://prodes.toulouse.inra.fr/multalin/multalin.html). Checamos por
alinhamento o tamanho, o inicio e o término do cDNA isolado em relacdo as sequéncias das
proteinas depositadas no NCBI.

Mutacdo sitio-dirigida

Os ensaios das mutacdes foram feitos por técnicas comuns de PCR, para as mutagdes C26S
(I&-se cisteina 26 substituida por serina) e C137S, localizadas nas extremidades da molécula. Para
as mutacdes localizadas na parte central da proteina foi utilizado uma segunda técnica
desenvolvida pela empresa Stratagene, disponivel no kit “QuikChange™ Site-Directed
Mutagenesis™. Esta técnica permite a mutacdo sitio-especifica em todos os plasmideos dupla fita
DNA (dsDNA, double stranded DNA), com mais de 80% de eficiéncia. O procedimento basico

utiliza um vetor dsDNA com um inserto alvo e dois oligonucleotideos sintéticos complementares,
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contendo a mutacdo desejada (tabela 1). A enzima Pfu DNA polimerase estende e amplifica todo
vetor e inserto por técnicas convencionais de PCR. O vetor selvagem foi depois digerido com a
enzima Dpn |, que reconhece o0 DNA parental proveniente da bactéria por este estar metilado.
Protocolos detalhados estdo descritos no manual de instrucdo que acompanha o produto
(“QuikChange™ Site-Directed Mutagenesis” — Catalog # 200518).

Eletroforese em gel de agarose e purificagcdo de DNA

Os produtos de amplificagédo por PCR e os DNAs digeridos com enzima de restricdo foram
submetidos a eletroforese em gel de agarose a concentracfes entre 0.8% e 1.2%. As eletroforeses
foram corridas a 80 V (volts) em tampdo TAE. Os géis foram corados em solucdo contendo
brometo de etidio a concentragédo final de 1ug/ml e fotografados na camera digital Kodak Digital
Science, posteriormente as imagens foram analisadas qualitativa e quantitativamente pelo software
1D Image Analysis. Os fragmentos de interesse contidos nos géis foram purificados com o
QIAquick spin — QlAquick PCR purification kit (QIAgen) ou com o QIAquick Extraction Gel Kit

(QlAgen).

Sistema de duplo-hibrido em levedura

O sistema de duplo-hibrido em levedura (YTHS, Yeast two-hybrid system) é uma
metodologia desenvolvida para identificar interacbes entre proteinas in vivo (Chien, C.T. et al,
1991; Fields, S. e Song, O., 1989; Fields, S. e Sternglanz, R., 1994). As interacGes proteina-
proteina formam a base da ampla variedade de reac6es bioquimicas com funcgdes regulatdrias e a
identificacdo de proteinas que interagem com a proteina de interesse & um aspecto essencial para a
elucidacdo do funcionamento e da regulacdo desta proteina. O sistema de duplo-hibrido é um
método muito sensivel e de grande sucesso para identificar as interagGes protéicas, mas pode, além
disso, ser também usado para definir dominios ou residuos de aminoacidos que estdo envolvidos,
ou s80 necessarios para a interacdo proteina-proteina. A técnica explora a estrutura dos fatores de
transcricdo que apresentam dois dominios fisicamente separados: o dominio de ligagdo ao DNA e
0 dominio de ativacédo da transcricao.

O dominio de ligacdo ao DNA se liga a uma sequéncia promotora especifica, que esta situado
no inicio do promotor de um gene repérter. O dominio de ativagao atrai 0s componentes basicos do

complexo de iniciacdo da transcricdo. No nosso sistema duplo-hibrido, a proteina mini-HBX (isca)
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foi fusionada ao dominio de ligacdo ao DNA, enquanto uma biblioteca de cDNAs — codificando
outras proteinas (presas) — foi fundida ao dominio de ativacdo da transcri¢cdo. Caso haja alguma
interacdo entre a proteina de interesse e qualquer outra proteina da biblioteca, um fator de
transcrigdo completo e funcional sera reconstituido e os “genes reporteres” His3 e LacZ, que estdo
sob seu controle, serdo ativados, assim His3 complementard a via da biossintese da histidina e

LacZ expressara a “enzima reporter” 3-galactosidase.

3 - Métodos de anélise de proteinas

Transformacao de levedura em pequena escala

Leveduras L40 foram inoculadas em 30ml de meio rico YPD e incubadas por
16h/200rpm/30°C. As células foram recolhidas por centrifugacdo por 10min/1000rpm/25°C, o
sobrenadante foi retirado e as células lavadas em TE (1X) agitando-se em vortex por 15s/ta
(temperatura ambiente) e novamente coletadas por centrifugacdo. Ao pellet, foram adicionados na
seguinte ordem: 640ul PEG MW 3350 (50%); 200ul acetato de litio (LM); 100ul TE (10X), 100ul
DTT (1M), 8ul DNA de esperma de salmdo (2mg/ml, Sigma, cat No. L-1626) e 2ul do vetor para
levedura (miniprep). Apds a ressuspenséo em vortex, as células receberam choque térmico a 45°C
por 1h:30min. 200ul foram plaqueados em meio minimo seletivo, em seguida as placas foram

incubadas a 30°C por 2-4 dias.

Transformacao de levedura em larga escala

Leveduras L40 foram inoculadas em 30ml de meio seletivo SD-W (menos triptofano) e
incubadas por 16h/200rpm/30°C. As células foram recolhidas por centrifugacdo por
10min/1000rpm/25°C e diluidas em 150ml de meio seletivo SD-W, ap6s mais 16 horas as células
foram novamente recolhidas e diluidas em 1l de meio seletivo, neste ponto o crescimento foi
acompanhado até que atingisse uma absorbancia de 0,6 (ODso). Alcancada esta marca, as
leveduras foram mais uma vez recolhidas por centrifugacdo, lavadas com 100ml de tampéao TE,
transferidas para um tubo de 50ml e centrifugadas, o sobrenadante foi descartado. Ao pellet celular
foram acrescentados 8ml da solugcdo TE/acetado de litio, 100l de DNA de esperma de salmao
(2mg/ml, Sigma, cat No. L-1626) e 100l da biblioteca (maxipreparacéo), seguido por agitacdo em

vortex por 1min/ta, depois foram adicionados 60ml de solucdo PEG/acetato de litio. Toda a
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mistura foi incubada por 30min/230rpm/30°C, adicionou-se mais 7ml de DMSO (100%) seguido
por agitacdo em vortex por 1min/ta, incubada por 15min/230rpm/45°C, recolhidas por
centrifugacdo e ressupendida em 10ml de TE/acetado de litio. Dessa solugdo usou-se 250ul para
plaquear 40 placas de petri de 150mm de diametro com meio minimo seletivo. As placas foram
incubadas a 30°C por 2-4 dias.

Teste de auto-ativacdo do gene reporter por pBTM116/mini-HBx

As células transformantes L40 pBTM116/mini-HBx foram testadas quanto a sua capacidade
de ativar os genes repérteres His3 e LacZ. Colbnias crescidas em meio minimo SD-W foram
escolhidas e ressupendidas em 25ul tampao TE. Para averiguar se a construcdo LexA/HBXx seria
capaz de ativar o gene reporter His3, 2ul da solugdo contendo as células foram gotejadas em meio
minimo SD-WH (menos triptofano e histidina). 2ul das mesmas coldnias foram gotejados em meio
minimo SD-W. Ambas as placas foram incubadas a 30°C por 2-4 dias. As colbnias que
esperadamente cresceram em SD-W foram testadas em relacéo a ativacdo do gene repérter LacZ

pelo ensaio de B-galactosidase.

Teste de ativacdo do gene reporter” por pBTM116/mini-HBx com o dominio de
ativacdo Gal4

As células transformantes L40 pBTM116/mini-HBx foram co-transformadas com o vetor
pGAD vazio. Este vetor codifica 0 mesmo dominio de ativacdo Gal4 utilizado na biblioteca de
cDNA de cérebro fetal humano fornecido pela Clontech. Colénias crescidas em meio minimo SD-
WI foram escolhidas e ressupendidas em 250ul tampdo TE. Para averiguar se a construcao
LexA/HBX teria a capacidade de interagir diretamente com a proteina do dominio de ativacdo Gal4
e assim ativar os genes repdrteres, nds inoculamos varios clones em placas SD-WLH (menos
triptofano, leucina e histidina) e SD-WL (menos triptofano e leucina) , e ambas as placas foram
incubadas a 30°C por 2-4dias. As coldnias que esperadamente cresceram em SD-WL foram

testadas em relacdo a ativacdo do gene reporter LacZ pelo ensaio de 3-galactosidase.
Extracéo dos plasmideos de levedura

Clones transformados de L40 foram incubados em 10ml de meio minimo seletivo a 30°C por

16 horas. 6ml do inéculo foram centrifugados por 30s/12000rpm/ta e ressuspendidos com 50 pl de
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tampdo TE, adicionou-se 20ul de liticase (1mg/ml), os microtubos foram vigorosamente
homogeneizados por agitacdo em vortex por 1min/ta seguido por 10 ciclos de choque térmico em
nitrogénio liquido, o volume foi completado para 200ul com tampdo TE para depois acrescentar
200ul de fenol:cloroférmio:alcool isoamilico (25:24:1); a mistura foi agitada novamente em vortex
por 1min/ta e centrifugada por 5min/14000rpm/ta. Ao sobrenadante foram acrescentados 600ul de
etanol (100%) resfriado a —20°C e 50pl de cloreto de litio (8M). As amostras foram incubadas por
15min/-20°C e centrifugadas por 5min/14000rpm/ta, o sobrenadante foi descartado e 500ul de
alcool (70%) foram adicionados, depois de agitadas, centrifugadas e o sobrenadante descartado, o
DNA precipitado foi seco por 1h/37°C. Os plasmideos foram ressuspendidos em 20ul de agua e

10ul foram utilizados para a transformacao de bactérias.

Ativacao da transcricdo baseada no sistema de mono hibrido em levedura.

O sistema de mono hibrido é baseado na descoberta de que muitos ativadores da transcri¢éo
em eucariotos sdo compostos de dominios funcionais fisicamente independentes, o dominio da
ativacdo (AD) da transcricdo e o dominio de ligacdo (BD) ao DNA. Esta caracteristica permite
construir varias fusdes de genes que, quando expressos como proteinas de fusdo em leveduras,
podem simultaneamente ligar-se a uma sequéncia de DNA alvo e ativar a transcricdo de um gene
repérter. Este sistema fornece uma ferramenta util para realizar ensaios geneéticos in vivo com a
intencdo de isolar novos genes codificantes de proteinas que se ligam a uma seqliéncia de DNA
alvo. Basicamente, a técnica consiste em inserir no genoma da levedura um cassete contendo uma
sequéncia de DNA alvo posicionado a upstream de um promotor minimo da levedura, o gene
repérter LacZ e um marcador de selecdo. A levedura transgénica € utilizada para a transformacéo
com uma biblioteca de interesse, onde os genes estdo fundidos com o domino de ativacdo da
transcricdo (AD) Gal4. Somente os clones que codificam proteinas hibridas que interagirem com o
DNA alvo serdo selecionados. N@s utilizamos o sistema de mono hibrido com o propésito de
investigar se a proteina E4F seria capaz de reconhecer o enhancer Il do HBV. Como controle
usamos o promotor E4 do adenovirus, uma sequéncia ja descrita na literatura, que é reconhecida
pela proteina humana. As transformacdes das leveduras e constru¢fes dos plasmideos foram
realizados conforme protocolo fornecido pela Clontech (MATCHMAKER One-Hybrid System -
User Manual).
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Ensaios com ONPG (o-nitrophenyl-#-D-galactopyraniside)

O ensaio com ONPG é usado para detectar a presenca da B-galactosidase, uma enzima
descoberta em leveduras que utiliza lactose como fonte de carbono. A utilizacdo da lactose
depende da presenca de 2 enzimas: B-galactosidase permease, que catalisa o transporte da lactose
para dentro da célula, e a B-galactosidase que cliva a lactose em galactose e glicose. A -
galactosidase ndo € especifica somente para lactose, mas pode agir também em simples
galactosideos como 0 ONPG (o-nitrophenyl-4-D-galactopyranose). A hidrélise do ONPG, pela B-
galactosidase, resulta na liberacdo da galactose e do o-nitrofenol, um componente cromogénico
amarelo cujo pico de absorcdo de luz é em 420nm. O gene LacZ, que codifica a B-galactosidase,
quando ligado a certos promotores é empregado como repdrter em ensaios de cunho quantitativo e
qualitativo que almejam estudar a interacdo proteina-proteina ou a ativacdo da transcricdo sob

condicdes experimentais.

Expressao das proteinas recombinantes

As bactérias competentes E. coli (BL21) foram transformadas com os vetores de expressdo
contendo o cDNA de interesse. As celulas foram pré-inoculadas em meio LB contendo antibidtico
especifico (ampicilina ou canamicina) na concentracdo de 50 ug/ml, e incubadas por
18h/200rpm/37°C. Apbs diluicdo 1:100 da pré-cultura em meio fresco LB+antibidtico, as bactérias
foram incubadas sob as mesmas condicdes até atingirem a fase logaritmica (ODggo ~ 0,8).

A expressao das proteinas recombinantes foi induzida com a adi¢do de IPTG na concentragdo
final de 1 mM. Apobs incubacdo por 3h/37°C ou 6h/25 °C, as bactérias foram coletadas por
centrifugacdo por 20min/4000rpm/4°C. Aliquotas de 1ml da cultura ndo-induzida e induzida com
IPTG foram retiradas para posterior analise da inducdo das proteinas recombinantes através de géis
de SDS-PAGE.

Purificacdo de proteinas
Foram utilizados dois sistemas de purificacdo de proteina. Cada qual possui caracteristicas
especificas que foram exploradas em nossos estudos.

Cromatografia de afinidade IMAC (Immobilized Metal Affinity Chromatography).

Protocolos detalhados sdo descritos no manual de instrucdo que acompanha o produto

(QlAexpress Ni-NTA Protein Purification System — The Qiaexpressionis). Os seguintes tampdes
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foram utilizados na purificacdo em condi¢des ndo desnaturantes: tampdo PBS pH 7,4 para a
manutencdo das condicdes fisioldgicas; tampdo BS para a retirada de proteina que se ligam
inespecificamente a coluna; tampéao CS para a eluicdo da proteina de interesse. As solugbes foram
desgaseificadas em bomba de vacuo por um intervalo de 15 minutos. Concomitantemente foi
aplicado 1ml de resina Ni-NTA em uma coluna BioLogic LP (Low Pressure) — BioRad, e apds o
empacotamento da resina, a coluna foi equilibrada com 20ml de tampé&o PBS pH 7,4. Em seguida a
fracdo sollvel do lisado foi aplicada a coluna. A coluna foi lavada com 20ml do tampédo BS. As
proteinas recombinantes foram eluidas da coluna em 15 fracdes de 1ml com o tampé&o de CS.

Para proceder a purificacdo da proteina em situacdes em que esta se encontrava como corpos
de inclusdo (insolaveis), utilizamos solucdes desnaturantes contendo uréia 8M. As solucgdes
aplicadas para este processo devem possuir pHs diferenciados, pH 8.0 para que ocorra a ligacdo da
proteina com a coluna, pH 6,3 para a remocao de compostos ligados inespecificamente e pH 4,5
para a recuperacao da proteina interesse.

As solugbes foram desgaseificadas em bomba de vacuo por um intervalo de 15 minutos. A
fracdo insolavel do lisado foi solubilizada com 20ml do tampéo Al e centrifugada novamente por
20min/14000rpm/20°C, o sobrenadante foi entdo filtrado a 0,22nm e, em seguida, o solubilizado
foi aplicado em uma coluna (BioLogic LP) contendo 1ml de resina Ni-NTA previamente
equilibrada com 20ml do tampao Al. A coluna foi entdo lavada com 20ml do tampédo Bl e, na
sequéncia, as proteinas recombinantes foram recuperadas da coluna em 15 fracGes de 1ml com o
tampdo de ClI.

Cromatografia de afinidade por GST (glutathione-S-transferase).

Nesta purificacdo utilizou-se a fracéo soltvel do lisado e os tampdes utilizados na purificacdo
das proteinas em fusdo com GST foram: tampao PBS pH 7,4 e tampao de eluicdo BG. As solugdes
foram desgaseificadas em bomba de vacuo por um intervalo de 15 minutos. 1ml de resina
comercial Glutatione-sepharose 4B foi empacotada em uma coluna BioLogic LP e, apds o
empacotamento da resina, a coluna foi equilibrada com 20ml tamp&o PBS. Em seguida, a fracéo
solavel do lisado foi aplicada a coluna e, em seguida, lavada com 20ml do tampéo PBS. A proteina

em fusdo com GST foi eluida em 15 fracdes de 1ml do tampéo BG.
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Marcacao de sondas radioativas

Os oligonucleotideos de RNA (tabela 1) foram marcados radioativamente nas suas
extremidades 5° com [y-**P] dATP (Amersham Pharmacia Biotech) pela acdo da T4
polinucleotideo kinase, de acordo com a metodologia descrita em Sambrook e em Ausubel
(Ausubel, F.M. et al, 1995; Sambrook, J. et al, 1989). Para um volume final de reacdo de 50 pl,
adicionou-se 10 pl de [y-*P] dATP (cerca de 5 pCi), 1 pl de oligonucleotideo de RNA na
concentracéo de 30 pmol/ul, 1 pl de dATP ndo marcado na concentracdo final de 48,5 pmol/ul, 1
il (20 unidades) de T4 polinucleotideo kinase (Amersham Pharmacia Biotech), 5 pl de tampéo
OPA e 32 ul de agua tratada com DEPC. A reacédo foi incubada a 37 °C por 1 hora quando foi
interrompida pela adicdo de 2,5 pl de uma solugdo de EDTA 500 mM pH 8 (25 mM na reacdo).

Os oligonucleotideos de RNA marcados radioativamente foram purificados numa coluna de
gel filtracdo (colunas NAP-5, Amersham Pharmacia Biotech), de acordo com instrugdes do
fornecedor, e aliquotas de 120 fmol de sondas marcadas foram utilizadas nas reacGes de interacao
com as proteinas recombinantes em fusdo com a cauda de poli-histidina ou em fusdo com a

proteina GST.

Ensaios de retardamento de migracao eletroforética gel (EMSA)

As proteinas HBx em fusdo com GST foram utilizadas na analise das interacGes entre 0s
oligonucleotideos de RNA (tabela 1), marcados com o radioisétopo [y-**P] dATP, através de
EMSA. Os oligonucleotideos de RNA e as proteinas foram incubadas em gelo por 30 minutos no
tampdo de ligagdo EMSA, com um volume final de 25 pl.

Apos a incubagdo em gelo, os complexos RNA-proteina foram imediatamente fracionados
em um gel ndo-desnaturante a 6% (40:1 de acrilamida: bisacrilamida) como descrito em Wilson e
Brewer (Wilson, G.M. e Brewer, G., 1999). As eletroforeses foram corridas a 200 V por cerca de 3
a 4 horas em tamp&o de corrida TBE. Os géis foram secos por aquecimento a 65 °C por 1 hora e 30
minutos, e submetidos a auto-radiografia a =80 °C por um periodo minimo de 12 horas, utilizando
o filme X-OMAT (Kodak, Rochester, NY).

UV-Cross linking RNA-proteina

A abordagem de indizir a formacdo de ligacbes covalentes (Cross-Linking) entre proteinas e

acidos nucléicos pode fornecer valiosas informacdes estruturais sobre a superficie de contato entre
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estas duas moléculas. Apesar da existéncia de catalizadores quimicos para a realizacdo do “cross-
linking”, os métodos que envolvem a fotoestimulacdo sdo os preferidos quando se estuda a
interacdo proteina-acidos nucléicos, pois esta técnica possui a vantagem de provocar minimas
perturbagdes no sistema que se esta estudando (Meisenheimer K.M. e Koch T.H., 1997)

As proteinas foram incubadas com os oligonucleotideos de RNA marcados com o
radioisotopo [y-**P] dATP no tampdo de Cross-Linking, em um volume final de 25 pl. Apés
incubacdo a temperatura ambiente por 30 minutos, os tubos de reacdo com a tampa aberta foram
expostos a luz ultravioleta (254 nm) por cinco minutos, numa distancia de 100 mm, utilizando o
aparelho UV Stratalinker 2400 (Stratagene).

Os complexos RNA-proteina foram fracionados em gel de poliacrilamida a 12,5% sob
condi¢bes desnaturantes, na presenca de 5% de B-mercaptoetanol, e visualizados apds uma
exposicdo de 2-18 horas em placa BAS-IP MS2325 (Fujifilm), utilizando o aparelho
Phosporimager scan Bio-Imaging Analyzer BAS-180011 (Fujifilm).

Western blot

As amostras de proteina foram separadas em géis de poliacrilamida a 10% ou a 12,5%. Ap6s
a eletroforese, o gel a ser transferido foi incubado na solugio Anodo Il por cinco minutos. A
membrana de PVDF (difluoreto de polivinila) Immobilon™-P (Millipore) foi pré-incubada em
metanol e lavada com agua MilliQ antes do uso.

Utilizou-se o sistema Semi-Dry Blotting System (W.E.P. Company) para a transferéncia das
proteinas contidas no gel para a membrana de PVDF. Em contato com o anodo do aparelho de
transferéncia, foram colocados dois papéis (Whatman 3MM) embebidos na solugdo Anodo I, e
sobre estes um papel embebido na solucdo Anodo II. Seguindo a montagem do “sanduiche”,
colocou-se a membrana (pré incubada em metanol e lavada com agua MilliQ), o gel de
poliacrilamida a ser transferido e trés papéis embebidos no tampédo Cétodo, que foram colocados
em contato com o polo negativo do aparelho de transferéncia. O tempo de transferéncia variou
entre 1 hora e 1 hora e 30 minutos, a 50 mA por membrana.

Apos a transferéncia, o “sanduiche” foi desmontado e a membrana foi bloqueada com a
solucdo de bloqueio e incubada a temperatura ambiente por 3 horas ou a 4 °C por 18 horas. Depois

da incubacdo em BSA, a membrana foi lavada trés vezes com TBS 1X, antes da sua incubacéo, a
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temperatura ambiente, com os anticorpos priméarios anti-GST ou anti-penta His (diluidos 1:3000
em TBS 1X) ou com o anti-soro anti-X (diluido 1:100 em TBS 1X).

Apbs duas horas de incubacdo, a membrana foi lavada trés vezes com TBS 1X, e incubada
por 2 horas com o anticorpo secundario anti-mouse-lgG (para o0s anticorpos primarios anti-GST ou
anti-penta His) ou com o anticorpo secundéario anti-rabbit-IgG (para o anti-soro anti-X), diluidos
1:5000 em tampao TBS 1X.

Apbs a incubacdo com o anticorpo secundario, a membrana foi lavada trés vezes com TBS
1X, antes da revelacdo utilizando o Western Blotting Luminol Reagent (Santa Cruz
Biotechnology), de acordo com as especificagdes do fabricante. A exposicdo da membrana ao
filme X-OMAT (Kodak) foi feita por intervalos de tempo de 30 segundos a 2 minutos, e depois 0s

filmes foram revelados.

Absorbancia no UV-Visivel

A concentracdo das proteinas de fusdo dialisadas contra diferentes tampdes foi determinada
através da medida de absorbancia das mesmas a 280 nm (Edelhock, H., 1967). Desta forma, as
proteinas foram previamente desnaturadas em solucdo de fosfato de sodio 15 mM pH 6,5 e
guanidina-HCI 7,5 M. Os espectros de absorbancia foram obtidos em um espectrofotdmetro
JASCO V-530 UV/VIS (JASCO), com varredura de comprimento de onda de 350-190 nm,
utilizando-se uma cubeta de quartzo de 10 mm de caminho 6tico.

Os espectros de absorbancia das proteinas de fusdo foram corrigidos com a subtracdo do

espectro de absorbancia do tampdo correspondente (“branco”). A partir dos valores dos

coeficientes de extin¢do molar (€) obtidos através do programa ProtParam (http://ca.expasy.org) e
dos valores de absorbancia a 280 nm, determinou-se as concentracdes molares das proteinas de
fusdo através da formula :
Axgpp=eXbxc

onde Azgo € a absorbancia medida a 280 nm, € é o coeficiente de extingdo molar em 280 nm
(M*ecm™), b é o caminho 6tico em centimetros (cm) e ¢ é a concentracdo molar da amostra de
proteina (M). As amostras de proteina foram centrifugadas a 2000 x g antes de serem utilizadas
nos ensaios espectroscopicos de dicroismo circular, fluorescéncia e de ressonancia magnética

nuclear.
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Fluorescéncia

Os estudos de emissdo intrinseca de fluorescéncia foram realizados no espectrometro de
luminescéncia AMINCO-Bowman Series 2, utilizando-se uma cubeta de quartzo de 10 mm de
caminho 6tico. A temperatura das amostras foi estabilizada a 25 °C ou a 37 °C através de um banho
termostatizado com agua circulante.

O comprimento de onda da excitacdo foi de 295 nm para as proteinas de fusdo dialisadas
contra diferentes tampdes, e 0s espectros de emissdo foram coletados entre 300 e 430 nm, com
velocidade de varredura de 1 nm/segundo e tempo de resposta automatico. Os espectros de
emissdo de fluorescéncia das amostras de proteina foram corrigidos com a subtracdo dos espectros
de emisséo dos tampdes utilizados (“branco”) e graficados utilizando-se o programa ORIGIN 6.1.

Os valores de Amsx de emissdo foram obtidos dos espectros de emissdo de fluorescéncia.

Dicroismo circular (CD)

Os experimentos de dicroismo circular foram realizados no espectropolarimetro JASCO J-
810 (JASCO), com a temperatura controlada através de um sistema interno de controle de
temperatura (Peltier type control system PFD 425S, JASCO). Os espectros de dicroismo circular
no UV distante (260-190 nm) foram adquiridos utilizando-se uma cubeta de quartzo de 1 mm de
caminho ético, com velocidade de varredura de 50 nm/minuto, tempo de resposta de 8 segundos e
resolucédo de 0,5 nm. O espectro final foi obtido pela acumulacéo de 4 varreduras e corrigido com a
subtracdo do espectro de dicroismo circular do tampé&o correspondente.

Os dados gerados com a subtracdo dos espectros foram convertidos em elipticidade molar
residual [6], que € dada pela equacéo :

[6]=6/10xIxcxn

onde 0 é a elipticidade observada (degrees), | € o caminho Gtico em centimetros (cm), c é a
concentracdo molar (M) e n é o numero de amino4cidos da proteina. Os dados convertidos foram
graficados utilizando-se o programa ORIGIN 6.1.

As proteinas de fusdo purificadas sob condicdes desnaturantes (uréia 8 M) foram renaturadas
através de dialises diretas ou seqlienciais contra diferentes tampdes (agua ou PGDE), e utilizadas
nos experimentos de dicroismo circular. Para determinar a porcentagem de estrutura secundaria

para cada uma das trés proteinas de fusdo, utilizou-se o programa CDNN deconvolution
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(http://bioinformatik.biochemtech.uni-halle.de/cdnn/), e uma base de dados contendo 33 espectros

de CD de diferentes proteinas.

Ressonancia Magnética Nuclear (RMN)

Para a proteina recombinante 6xHis-mini-HBx(-Cys) em &gua (pH 6,0), foi adquirido
espectro de RMN *H monodimensionais no espectrometro Varian Inova 500 (campo magnético de
11,7 Telsa) operando a freqiiéncia de 'H de 499,730 MHz. Cerca de 500 pl da proteina 6xHis-
mini-HBx(-Cys) em solugéo aquosa (pH 6,0), na concentracdo de ~400 uM, foi acrescida de 25 pl
de D,0O (para uma concentracao final de ~5%). A supressdo da agua foi feita pelas técnicas de pré-
saturacdo, e os dados coletados foram processados utilizando-se o software SpinWorks 2.0 beta.

Os espectros das proteinas foram adquiridos em colaboracdo com a Dra Patricia Ribeiro de
Moura e a Dra. Thelma de Aguiar Pertinhez, do grupo de Ressonancia Magnética Nuclear (RMN)
do CEBIME/LNLS.
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Abstract

The hepatitis B virus protein HBx has been implicated in the development of liver cancer. It has been shown that
the HBx protein is able to bind to single-stranded DNA in a specific manner. This DNA binding activity might be
relevant for HBx oncogene character. To study the HBx interaction with nucleic acids in more detail we expressed
full-length HBx as well as several N- and C-terminally truncated HBx proteins as 6xHis and GST-fusions in E. coli.
Using a gel shift assay, we were able to demonstrate that all of the truncated HBx proteins have the ability to bind
to an AU-rich RNA. The affinity of GST-HBx # 3 (residues 80—142) was an order of magnitude higher than that
of GST-HBx # 2 (residues 5-79), indicating that a high affinity RNA binding site is located in HBx C-terminal half.
AUFT1 is the protein ligand that binds to AU-rich RNA regions present in certain proto-oncogene mRNAs and causes
their rapid degradation. By a competitive binding experiment of AUF1 and HBx to the AU-rich RNA oligonucle-
otide, we show that HBx is able to displace AUF1 from its binding site on the RNA oligonucleotide. This new aspect
of HBx function is discussed in the context of cellular transformation. © 2001 Elsevier Science B.V. All rights
reserved.

Keywords: Viral hepatitis; Hepatocellular carcinoma; Viral transactivator; Oncogene; mRNA stability

1. Introduction 1996). Worldwide over 250 million people are
persistently infected with HBV. The prevalence of
HBV-antigen is lowest (0.1-1%) in countries with
the highest standards of living such as countries in
Europe or the USA. Very high rates (5-20%)
have been reported for China, Africa, the Middle
East and South America including some parts of

Viral hepatitis, especially that caused by infec-
tion with hepatitis B virus (HBV), is a major
worldwide public health problem (Hollinger,
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lular carcinoma, HCC) (Redeker, 1975;
Robinson, 1994). The great majority of people
that die from HCC have been infected with HBV
in the past. HCC constitutes 90% of the primary
malignant tumors of the liver and it is estimated
that each year worldwide more than 500 000 peo-
ple die from liver cancer (Hollinger, 1996).

HBV is a DNA virus with a small circular
DNA genome of 3.2 kb length. It is phylogeneti-
cally related to the retroviruses in that it uses its
own reverse transcriptase for DNA replication
and belongs to the family of hepadnaviruses (for
hepatotrophic DNA viruses) (Ganem, 1996). The
HBV genome has at least four open reading
frames (ORF) which are named S, C, P, and X.
The C region encodes a protein of the HBV virus
nucleoprotein, while the ORFs pre-S and S en-
code the viral surface glycoprotein and the P gene
the viral reverse transcriptase. The ORF X en-
codes for the regulatory protein HBx which can
enhance the expression of heterologous and ho-
mologous genes in trans in transient cell culture
assays (Ganem, 1996; Hollinger, 1996). The HBx
protein consists of 154 amino acids, possesses a
molecular weight of ~ 17 kDa and is translated in
the course of the viral infection. HBx seems to
have a central role in HBV mediated HCC (Lo et
al., 1988; Hohne et al., 1990) since mice transgenic
for HBx show an high susceptibility for the devel-
opment of liver tumors: 75% of the HBx trans-
genic animals develop HCC (Kim et al., 1991). On
the cellular and molecular levels, several functions
have been attributed to the HBx protein, by dif-
ferent researchers. Some studies suggest that HBx
might be involved in the induction of apoptosis
(Chirillo et al., 1997; Su and Schneider, 1997).
The most generally recognized function of HBx
however is its ability to transactivate the tran-
scription of a variety of cellular and viral pro-
moters (Twu et al., 1990; Yen, 1996). Although
HBx does not bind to double-stranded DNA di-
rectly it could be demonstrated that it binds in
vitro to different transcription factors (Haviv et
al., 1995; Maguire et al., 1991). It has recently
been reported that HBx can interact with single-
stranded DNA (ssDNA) in a sequence indepen-
dent fashion (Qadri et al., 1996). Since the HBV
DNA in the HBV virion consistently is partially

single-stranded, HBx might also in vivo bind to
the viral ssDNA and function in the replication of
the virus DNA like it was reported for several
other viral ssDNA binding proteins (Challberg
and Kelly, 1989; Hang et al., 1995). It was also
shown that HBx activates the reverse transcrip-
tion of the viral pregenomic mRNA into genomic
DNA (Klein et al., 1999). These studies showed
that HBx can interact with ssDNA and suggested
that this interaction might be of biological impor-
tance for HBx functions in the context of the
HBV’s life cycle. Since HBx can bind to ssDNA
(Qadri et al. 1996), we speculated that it might
also be able to interact with RNA. We further
reasoned that if HBx can interact with RNA it
might be able to compete with cellular mRNA
binding factors like AUF1 (Zhang et al., 1993).
To test these hypotheses we expressed full-length
HBx protein as well as of N- and C-terminally
truncated HBx mutants in E. coli. As the RNA
test oligonucleotide we chose the AU-rich se-
quence to which AUF1 binds and which repre-
sents the putative destabilizing element found in
the 3'-region of rapidly degraded mRNAs like
those of certain proto-oncogenes and cytokines
(Jones and Cole, 1987). In this paper we show
that HBx binds to this AU-rich RNA oligonucle-
otide in an inhibitable manner, characterize HBx
RNA binding domains and demonstrate that HBx
can displace the cellular AU-rich mRNA binding
factor AUF1 from the RNA oligonucleotide. The
possibility that HBx displacement of cellular fac-
tors from proto-oncogene mRNAs in vivo might
contribute to HBx oncogene character is
discussed.

2. Materials and methods

2.1. Construction of recombinant HBx-psW 202
plasmids

DNA fragments encoding the full length or N-
or C-terminally truncated HBx protein were am-
plified by PCR methodology and directionally
cloned into the bacterial expression vector
psW202 (W. Wels, Freiburg, Germany) (Klimka
et al., 1996; Wels et al., 1995) via HindlIII (sense
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oligonucleotides) and Xbal (anti-sense oligonucle-
otides) restriction sites. The vector psW202 has
HindIIl and Xbal restriction sites, which allow
the directional insertion of a DNA sequence to be
expressed under the control of a tac-promotor.
An omp A signal peptide encoding sequence and
a six-histidine tag encoding sequence are located
upstream of the insertion site. While the omp A
signal sequence directs the recombinant fusion
protein to the periplasmatic space of E. coli the
6xHis tag which will be located N-terminal of the
recombinant protein partner allows the purifica-
tion of the recombinant fusion protein via Ni-
affinity chromatography. In all HBx construction
sequences encoding a flexible linker region (GS-
GSG) and an enteropeptidase cleavage site
(DDDDK) have been introduced via the sense
oligonucleotide sequences. For the different HBx
constructions the following oligonucleotides were
used: HBx (1-154): sense 1 [SGCA CTG AAG
CTT GGT TCT GGT TCT GGT GAC GAC
GAT GAC AAG ATG GCT GCT AGG TTG
TGC TGC 3] and anti-sense 1 [SA GTC TCT
AGA TTA TTA GGC AGA GGT GAA AAA
GTT GCA TGG 3]; HBx (1-142): sense 1 and
anti-sense 2 [ TG GAA TTC TCT AGA TTA
TTA GAC CAA TTT ATG CCT ACA GCC 37;
HBx (1-77): sense 1 and anti-sense 3 [S" TG GAA
TTC TCT AGA TTA TTA GCG ACG TGC
AGA GGT GAA GCG 37; HBx (48—154): sense
2 [ GCA CTG AAG CTT GGT TCT GGT
TCT GGT GAC GAC GAT GAC AAG GAC
CAC GGG GCG CAC CTC TCT 3] and anti-
sense 1; HBx (79-154): sense 3 [ GCA CTG
AAG CTT GGT TCT GGT TCT GGT GAC
GAC GAT GAC AAG GAG ACC ACC GTG
AAC GCC CAC 3] and anti-sense 1; HBx (48—
142): sense 2 and anti-sense 2; HBx (79-142):
sense 3 and anti-sense 2 (Fig. 4). Amino acid
numbering refers to the 154 amino acid long
full-length HBx protein of the ayw subtype (HBV
genotype D, Gene bank accession no.: J02203)
(Galibert et al., 1979). For the PCR amplification
30 cycles consisting of the following steps were
used: 95°C (50 s), 50°C (1 min), 72°C (3 min, last
cycle 8 min). HBx-DNA containing pCMV-Ad
plasmid, kindly provided by Dr. R. Schneider,
New York (New York University), served as the

template DNA in the PCR reaction. Amplified
PCR products were then digested with HindlIIl
and Xbal and ligated into vector psW202. DH5a
E. coli cells were transformed with the recombi-
nant vectors. Recombinant plasmid DNA isolated
from the DH5a cells was subsequently trans-
formed in E. coli BL-21 cells, for the expression of
the HBx proteins.

2.2. Construction of recombinant
HBx-pGEX-2TK plasmids

To express selected HBx proteins as fusion
proteins with the Glutathione S-transferase
(GST) their DNAs were inserted into the bacterial
expression vector pGEX-2TK (Amersham Phar-
macia). Using the full-length HBx DNA inserted
into pCMV-Ad as a template we amplified the
three HBx constructs with the following primer
combinations: GST-HBx-complete (5-154): X-
GST-sense [GC GGA TCC TTG AGC TGC
CAA CTG GAT CCT GCG CGQG] and X-GST-
anti-sense [GC GAA TTC TTA GGC AGA GGT
GAA AAA GTT GCJ; GST-X #2 (5-78): X-
GST-sense and anti-sense 3; GST-X #3 (80—
142): X-GST-sense 2 [GC GGA TCC GAG ACC
GTG AAC GCC CA(], and anti-sense 2 (Fig. 5).
An internal BamHI restriction site was deleted by
introducing a silent mutation via the oligonucle-
otide X-GST-sense. To keep this oligonucleotide
at a reasonable size the first nucleotides encoding
the first four amino acids were spared. The PCR
products were digested with EcoRI and BamHI
and inserted into the vector pGEX-2TK in frame
with GST.

2.3. Expression of HBx proteins

E. coli strain BL-21, transformed with the HBx
DNA containing psW202 or pGEX-2TK vectors,
was grown in LB medium containing ampicillin
(50 pg/ml) to an OD¢,, = 0.7, followed by addi-
tion of isopropylthio-B-D-galactoside (IPTG) to a
final concentration of 1 mM and induced for the
indicated times at 37°C. Cells were harvested by
centrifugation and lysed by the addition of
lysozyme (1 mg/ml), incubation for 20 min at
room temperature (RT) and three subsequent
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freeze-thaw cycles. Genomic DNA was digested
by addition of DNAse (1 pg/ml) and incubation
for 20 min at 37°C. The bacterial lysate was
separated in soluble and insoluble fractions by
centrifugation at 13 000 x g for 15 min at 4°C.
After dissolving the protein samples from both
fractions in reducing SDS-gel loading buffer for 2
min at 95°C the presence of recombinant protein
was analyzed in a 12% SDS-PAGE gel, stained
with Coomassie blue.

2.4. Purification of HBx-6His fusion proteins

A bacterial pellet derived from a 1 | culture
induced as described above was lysed by addition
of 1 mg/ml lysozyme and three cycles of passage
through the French press. After centrifugation,
the pellet containing the HBx inclusion bodies
was solubilized in 20 ml of a solution of 6 M
guanidinium-HCI, 100 mM NaH,PO,, 10 mM
Tris—HCI, pH 8. The resulting solution was ap-
plied to a Ni-NTA column (Qiagen). The subse-
quent washing and elution steps were all carried
out with buffer A (8 M urea, 100 mM NaH,PO,,
10 mM Tris—HCIl) but at different pHs. The
column was washed first with buffer A, pH 8 and
then with buffer A, pH 6.3. Bound protein was
eluted with a linear pH gradient between 6.3 and
4.5 in buffer A. The column eluate was collected
in 2-ml fractions and 10 pl aliquots were analyzed
by SDS-PAGE. Peak fractions were pooled and
dialyzed against renaturing buffer 1 (50 mM
Pipes, pH 6, 0.5 mM PMSF) at RT with several
changes of the buffer. Dialyzed protein was
cleared by centrifugation at 2000 x g and used
for the Electrophoretic mobility shift assays
(EMSA).

2.5. Digestion with enteropeptidase

The full-length recombinant HBx-6xHis fusion
protein from the peak fraction of the chromatog-
raphy (in buffer A) was diluted with water to a
final concentration of 3 M urea. Cleavage with
enteropeptidase (Roche) was performed at a mo-
lar ratio of HBx-fusion to enteropeptidase of ~
100:1 for the indicated periods of times at RT.
Cleavage was analyzed by SDS-PAGE.

2.6. Purification of HBx-GST fusion proteins

The HBx-GST fusion proteins were prepared
from the soluble protein fraction of the bacterial
cell lysate. After cell disruption the bacterial
lysate was centrifuged (13 000 x g, 15 min, 4°C)
and the supernatant was applied to a Glutathione
Sepharose® 4B column (0.5 ml/min) that had been
equilibrated with PBS. The column was washed
with PBS and the bound GST-HBx fusion protein
was eluted with 10 mM glutathione in 50 mM
Tris—HCI, pH 8.0. Collected fractions were ana-
lyzed by SDS-PAGE in a 10% acrylamide gel.
Concentrations of the recombinant proteins were
determined by comparison of the Coomassie-
staining of their bands to that of proteins of
known concentration that were run in the same
SDS-PAGE gel.

2.7. Electrophoretic mobility shift assay

An AU-rich RNA oligonucleotide (38-mer:
GUGAUUAUUUAUUAUUUAUUUAUUAU-
UUAUUUAUUUAG) was labeled with [y-
32P]dATP in the presence of T4 polynucleotide
kinase. The radiolabeled probe was purified on a
gel filtration column, and aliquots of 240 pg ( ~
10 000 cpm) were used in the binding reactions
with GST, or the HBx-6xHis or HBx-GST fusion
proteins. The radiolabeled probe and the proteins
were incubated in a final reaction volume of 25 pl,
containing 50 mM potassium acetate, 5 mM Tris
(pH 7.5), 5 mM magnesium acetate, 4% glycerol,
10 pg/ml BSA, at 4°C for 30 min. The RNA-
protein complexes were run out on a non-denatu-
rating 6% polyacrylamid gel in 0.5 x TBE buffer
at RT. Dried gels were exposed to X-ray films at
— 80°C with an intensifying screen. For the com-
petition EMSAs, the same amount of radioactive
labeled RNA oligonucleotide as in the EMSA
experiments above was used and different compet-
ing concentrations of homologous (AU-rich RNA
oligonucleotide) or heterologous single-stranded
DNA oligonucleotides (DNA oligo 1, GCA CTG
AAG CTT GGT TCT GGT TCT GGT GAC
GAC GAT GAC AAG ATG GCT GCT AGG
TTG TGC TGC; DNA oligo 2, GCA CTG AAG
CTT GGT TCT GGT TCT GGT GAC GAC
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GAT GAC AAG ATG GCT GCT AGG TTG
TGC TGC; oligo dT DNA, d[T],5) were used at the
molar excess indicated in the figure legends.
Proteins were used at the concentration indicated
in the figure legends. The recombinant purified
6His-AUF1 protein was a kind gift of Mrs. Karen
C.M. de Moraes (CBME/LNLS, Campinas).

3. Results

3.1. Cloning and expression of full-length HBx
fusion protein

In order to obtain sufficient quantities of recom-
binant HBx protein for functional and structural
studies, we have used and developed an efficient
expression system in E. coli. The full-length HBx
protein was expressed in E. coli cells transformed
with the plasmid psW202 that had the HBx gene
of the ayw subtype (Lo et al., 1988) inserted in
frame into its cloning site. This way the HBx
protein was expressed as a fusion protein which
contained N-terminal of the amino acids 1-154 of
the HBx protein an omp-A signal peptide of 30
amino acids (MKKTA IAIAV ALAGF ATVAQ

A

Soluble fraction
05 1 2 3

R |

hours hours |
induction  induction

ADYKD DDDKL), a 6xHis tag and immediately
before the first methionine of HBx an enteropepti-
dase cleavage site (DDDDK). The expression of
this HBx-6xHis fusion protein resulted in a protein
of ~21 kDa that was exclusively found in the
insoluble inclusion body fraction of the bacterial
cell lysate (Fig. 1B). The production of the recom-
binant fusion protein was monitored with a time
course experiment for the induction with IPTG.
Although expression was already strong only after
30 min, it peaked at ~4 h of induction. At none
of the time points the HBx fusion could be detected
in the soluble fraction (Fig. 1A). Induction of the
expression at lower temperatures (27 and 23°C) did
not result in a detectable expression of the fusion
protein in the soluble fraction (data not shown).

The fact that the recombinant HBx protein was
exclusively found in the form of inclusion bodies
might be based on the lack of chaperones that could
be required for the proper folding or might be due
to the formation of abnormal inter- or intramolec-
ular disulfide bonds (Yasukawa et al., 1995).
Therefore, we assumed that a simultaneous overex-
pression of either chaperones or bacterial thiore-
doxin might result in the production of a more
soluble protein. We co-transformed the recombi-
nant psW202-HBx containing E. coli BL21

B

Insoluble fraction

0 05 1 2 3 4 M
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Fig. 1. Expression of the HBx-6xHis fusion protein. Time course of induction of the HBx protein expression in E. coli. Ten milliliters
of bacterial culture in logarithmic growth phase were or were not induced for the times indicated at the top of the figure. Cells were
harvested and lysed and the lysate was separated in soluble (A) and insoluble protein fraction (B) by centrifugation. Samples were
dissolved in SDS-gel loading buffer and analyzed by SDS-PAGE. The molecular weights of the standard proteins are indicated and

the HBx-fusion protein is marked with an arrow.
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strain with plasmid pT-groE, encoding the chap-
erones GroEL and GroES, or pT-Trx containing
the gene for thioredoxin (Yasukawa et al., 1995).
After the co-induction of the HBx and either the
chaperones or thioredoxin we found expression of
both chaperon chains or the thioredoxin in the
soluble fraction but still no expression of any
soluble HBx protein (data not shown). Again, the
expressed HBx was exclusively found in the insol-
uble lysate fraction, indicating that the lack of
either chaperones or thioredoxin is not the cause
for the accumulation of HBx in the inclusion
bodies.

3.2. Purification of the HBx fusion proteins by
Ni-NTA chromatography

Since the full-length HBx-6xHis fusion protein
was only found in the inclusion bodies we solubi-
lized them with 6 M guanidinium-HCI to purify
the protein under denaturing conditions on a
Ni-NTA column (Porath et al., 1975; Ljungquist
et al., 1989). The column was washed and ecluted
in buffers containing 8§ M urea and the collected
fractions were analyzed by SDS-gel electrophore-
sis. The recombinant HBx-6xHis fusion protein
elutes as a relatively broad peak (Fig. 2A). The
analysis of the peak fractions by SDS-PAGE
demonstrates the presence of two distinct protein
species ~21 and ~20 kDa (Fig. 2B) that most
likely represent the fusion protein with and with-
out its N-terminal omp-A signal sequence. The
fact that the majority of the protein is of the
higher molecular weight, indicates that the cleav-
age of the leader sequence after translocation to
the periplasmic space of E. coli is incomplete and
that the majority of the recombinant protein ( ~
90%) resides uncleaved (~21 kDa) in the cyto-
plasma of the bacteria. With the described
expression and purification scheme we were able
to obtain ~ 10 mg of purified HBx-6xHis fusion
protein from 1 1 of bacterial culture.

3.3. Digestion of the HBx fusion protein with
enteropeptidase

Some of the downstream applications might
require the removal of the N-terminal fusion part-

ner consisting mainly of the omp-A signal se-
quence and the 6xHis tag/enteropeptidase
domain. To demonstrate that the enteropeptidase
cleavage site we introduced between HBx and the
N-terminal fusion part is functionally active, we
performed a test digestion with enteropeptidase in
the presence of 3M urea (Fig. 3). The time course
of the digestion demonstrates the disappearance
of the ~ 21/~ 20 kDa fusion protein bands and
the appearance of a cleavage intermediate ( ~ 18.5
kDa) and cleavage end products (~ 16.5 kDa;
< 5 kDa). The accumulation of free HBx protein
is maximal after 4 h. Afterwards a gradual unspe-
cific degradation of the HBx protein by the en-
teropeptidase seems to occur. The incompleteness
of the digestion and the presence of small molecu-
lar weight cleavage products require additional
chromatographic steps in order to obtain pure
free HBx protein.

3.4. Cloning and expression of N- and C-terminal
HBx deletion mutants

For the functional dissection of different do-
mains in the HBx protein and to test if it is
possible to improve HBx poor solubility by cut-
ting of hydrophobic parts that might not be nec-
essary for its function, we constructed DNA
truncation mutants that lack different parts en-
coding for the N- and C-terminal regions of HBx
(Fig. 4A). All of the constructions were inserted
into the same expression vector psW202 that was
used for the expression of the full-length HBx-
6xHis fusion. The HBx constructs #4, 5, and 6
could be expressed at levels comparable with the
full-length HBx, whereas the HBx construct # 3
showed only weak expression under comparable
conditions and the construct # 2 did not express
at all (Fig. 4B and data not shown). The con-
structs # 2 and # 3 were the two smallest con-
structs and their low or missing expression might
be due to their small molecular weight. The degra-
dation or lack of expression of small proteins is
frequently reported in E. coli. Because these two
constructs # 2 and # 3 are especially important
since they represent the most drastic truncations
and span the N- and C-terminal extremes of the
HBx protein, we decided to express them and the
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Fig. 2. Ni**-affinity chromatography of the recombinant HBx-6xHis fusion protein and analysis of the protein fractions by
SDS-PAGE. Purification of the recombinant HBx-fusion protein from the insoluble fraction of E. coli by Ni-NTA affinity
chromatography. One liter of bacterial culture was induced with 1 mM IPTG for 3 h at 25°C. Harvested cells were lysed and
HBx-inclusion bodies were solubilized in 6 M guanidinium—HCI solution. The solubilisate was applied to a Ni-NTA superflow
column which had been equilibrated with buffer A (8§ M urea, 100 mM NaH,PO,, 10 mM Tris, pH 8.0). The column was
subsequently washed with buffer B (like buffer A but pH 6.3) and proteins were eluted in one step with buffer C (like buffer A but
pH 4.5). (A) Elution profile of proteins and their fractioning in 2 ml fractions. (B) Aliquots of 10 ul of each of the fractions of (A)

were analyzed by SDS-PAGE.

full-length HBx also as GST-fusion proteins (Fig.
S5A). All of the constructs were inserted into the
commercial GST-fusion expression vector pGEX-
2TK. The expression level of the three GST-HBx
fusion constructs in E. coli was high, although
GST-HBx #2 and # 3 were predominantly and
GST-HBx-complete was exclusively found in the
insoluble inclusion body fraction of the bacterial

lysate (data not shown). Starting with 500 ml of
bacterial culture induced with 1 mM IPTG for 4 h
we were, however, able to purify > 1 mg of each
of the GST-HBx #2 and # 3 fusion proteins
from the soluble fraction of the cell lysate (Fig.
5B). Together with GST-HBx # 2 and # 3 fusion
proteins we co-purified small amounts of free
GST (~ 26 kDa) that must be either a product of
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proteolytic cleavage or of a prematurely termi-
nated transcript (Fig. 5B). It was not possible to
purify GST-HBx-complete from the soluble frac-
tion of the bacterial lysate. These experiments
showed that the co-expression of the highly solu-
ble GST in the form of a fusion partner was able
to improve HBx poor solubility.

3.5. Mapping of the HBx RNA binding site by
electrophoretic mobility shift assay

We decided to employ HBx ability to bind to
single-stranded DNA in vitro as described by
Qadri and coworkers (Qadri et al., 1996) as a
marker for one potential biological activity of
HBx. The binding of HBx to single-stranded nu-
cleic acids can be reproducibly tested by an
EMSA. Instead of ssDNA we used a radioactively
labeled RNA oligonucleotide as the probe in the
EMSA and showed that HBx protein binds also
to RNA (Fig. 6A). Not only the full-length HBx-
6xHis fusion protein but also all of the other five
HBx deletion constructs were able to bind to the
RNA oligonucleotide and caused its retardation

Hours
digestion _ 0

—

05 1.5

; =
Fusion HBx i

Free HBx —=>

2

in the non-denaturing gel. The complex formed
between the AU-rich RNA oligonucleotide and
the HBx-6xHis fusion proteins showed a greater
shift than the complex formed between the RNA-
oligonucleotide and the GST-HBx fusion
proteins. The fact that both the GST-HBx # 2
and # 3 proteins bound to the RNA oligonucle-
otide indicated that the HBx protein might have
two independent RNA binding sites which are
located in its N-terminal (residues 5-78) and C-
terminal (80-142) protein domains. Although
four times more GST-HBx #2 protein was
loaded on the gel, the observed band was signifi-
cantly weaker than that observed with the GST-
HBx # 3 protein (Fig. 6a). This result suggested
that the relative affinity of these two constructs
might be different. Therefore, we compared the
relative affinity of the GST-HBx constructs # 2
and #3 in a separate experiment (Fig. 6b,c).
Both proteins were gradually diluted and tested
for their binding of the radioactively labeled RNA
oligonucleotide. Whereas GST-HBx # 2 upon di-
lution rapidly lost its ability to bind to the
RNAoligonucleotide the GST-HBx # 3 showed a

-26.6

-20.0

-14.3

kDa

Fig. 3. Enteropeptidase digestion of the HBx-6xHis fusionprotein. Digestion of the HBx-fusion protein with bovine enteropeptidase.
Recombinant HBx protein, purified under denaturing condition (in the presence of 8 M urea) by Ni-NTA metal affinity
chromatography was digested with bovine enteropeptidase in the presence of 3 M urea for the times indicated at the top. The
non-digested control and the digestion products were separated by SDS-PAGE. The molecular weights of the standard proteins are
marked on the right side and the HBx-fusion protein and the free HBx are indicated with arrows on the left side.
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Fig. 4. Expression of the HBx-6xHis deletion constructs. (A)
Schematic representation of the five HBx-6xHis deletion con-
structs. The DNA fragments encoding the depicted regions
were amplified by PCR and cloned into the vector psW202.
HBx constructs were expressed as 6xHis fusion proteins. The
numbers indicate the residues of the 154 amino acid long HBx
protein that are included in each deletion. (B) SDS-gel elec-
trophoresis of the expressed and purified constructs. The con-
structs have been prepared and purified under denaturing
conditions as described for the full-length HBx-6xHis fusion.
Subsequently the peak fractions were pooled and an aliquot
was run out on a SDS gel (12% acrylamide). The molecular
weight of the marker proteins (M) are indicated and the
according bands marked with arrows.

shift even at the highest dilutions tested. A faint
shifted band could be observed for the GST-HBx
#2 down to an amount of 1.5 pug. An equally

intense band could be observed for GST-HBx # 3
even at an amount of only 0.1 pg. These results
indicate that the affinity of GST-HBx #3 for
RNA is at least an order of magnitude higher than
that of GST-HBx # 2. Another interesting obser-
vation was that the GST-HBx # 3 protein causes
the shift of two distinct species of bands (Fig. 6c).
The second more retarded band was only observed
with GST-HBx #3 and not with GST-

A
GST 5 HBx 154
GST-HBX-complete | I_
5 78
GST-HBx#2 | iH
80 142
GST-HBx #3
B

60 —»

45 —»

29 —»

kDa

1 2 3

Fig. 5. Expression of the GST-HBx #2 and GST-HBx #3
deletion constructs. (A) Representation of the three different
GST-HBx fusion constructs. (B) SDS-gel electrophoresis of the
expressed and purified constructs. Bacteria were transformed
with plasmids containing GST, GST-HBx #2 or #3 DNA
constructs. Cells were induced for the expression of the GST
fusion proteins, bacteria were lysed and the lysate was cen-
trifuged at 13 000 x g. The supernatant with the soluble
proteins was applied to a glutathione sepharose column.
Bound GST-HBx fusion proteins were eluted with glutahione.
Peak fractions were pooled and analyzed by SDS-gel elec-
trophoresis (10% acrlyamide gel). The molecular weights of the
marker proteins (M) are indicated with arrows.

31



68 E. Rui et al. /Virus Research 74 (2001) 59-73

x%'b @
9, *’b [aH &

¥ % Q
:g,ﬁ- g%;'*‘l\:z%,'i‘ *b- (o) %b ,Od\:
FEFETFFD

A e\\@"}é&\

<
< RNA-HBX

-« free probe
1 23 45 6 7 8 910

GST-HBx #2

A
B F o6 4 03 25 2 17515 12 11 1 &

< RNA-HBx

-« free probe
1 2 3 4 5 6 7 8 9 10 1112
GST-HBx #3
C §§'ﬁ 3 15 1 07505 03 0250701 pg
< RNA-HBx
- RNA-HBX

<« free probe

1 23 4 5 6 7 8 9 1011 12

Fig. 6. EMSA of HBx-AU-rich RNA oligonucleotide interac-
tions. (A) Analysis of the binding of the different GST-HBx
fusion and HBx-6His fusion constructs to the AU-rich RNA
oligonucleotide (240 pg per lane, all experiments). Lane 1, free
oligo; lane 2, GST-HBx #2 (4 pg); lane 3, GST-HBx # 3 (1
ng); lane 4, GST-HBx #2 (2 pg) and #3 (0.5 pg); lane 5,
HBx-6xHis #4 (1 pg); lane 6 HBx-6xHis # 5 (1 pg); lane 7,
HBx-6xHis # 6 (1 pg); lane 8, HBx-6xHis-complete (1 pg);
lane 9, GST (1 pg); lane 10, free oligo. (B) Binding of
GST-HBx #2 to the AU-rich RNA oligonucleotide. Lanes
1-12, radioactively labeled AU-rich RNA oligo; Proteins: lane
1, nil; lane 2-11 decreasing amounts of purified GST-HBx
# 2 protein as indicated on the top; lane 12, GST (2 pg). (C)
Binding of GST-HBx # 3 to the AU-rich RNA oligonucle-
otide. Lanes 1-12, radioactively labeled AU-rich RNA oligo;
Proteins: lane 1, nil; lane 2, GST (2 pg), lanes 3—12, decreasing
amounts of purified GST-HBx # 3 protein as indicated on the
top.

HBx # 2 and might result from the formation of
a GST-HBx #3 dimer on the AU-rich RNA
oligonucleotide.

3.6. Competition experiments with unlabelled
nucleic acids

Our finding that HBx binds an AU-rich RNA
oligonucleotide prompted us to compare HBx
binding to different single-stranded DNA sub-
strates (Qadri et al., 1996). We tested the specific-
ity of GST-HBx construct #3 to either the
AU-rich RNA oligonucleotide or different unla-
belled single-stranded DNA oligonucleotides by a
competitive EMSA test (Fig. 7). This test revealed
that a 10-fold molar excess of the unlabelled
AU-rich RNA oligonucleotide competitor already
completely abolished HBx binding to the radioac-
tively labeled AU-rich RNA oligonucleotide. All
three tested single-stranded DNA oligonucleotides
(DNA oligo 1, DNA oligo 2 and oligo d[T];s
DNA), however, showed no inhibition of HBx
binding to the AU-rich RNA oligonucleotide
when added in 10-fold or even 100-fold molar
excess. These data indicate that GST-HBx #3
has a higher specificity for the AU-rich RNA
oligonucleotide than for the two single-stranded
DNA oligonucleotides of arbitrary sequence
(DNA oligos 1 and 2, see Section 2 for sequences)
or for the oligo d[T],s homopolymer.

3.7. Competitive binding experiments of
GST-HBx # 3 and AUF1I proteins to the
AU-rich RNA oligonucleotide

The natural ligand of the AU-rich RNA
oligonucleotide we used in our HBx-RNA binding
studies is the protein AUF1 (Zhang et al., 1993).
It had been shown that AUF1 binds specifically
to the AU-rich domains present in the 3’-untrans-
lated regions of many mRNAs with high turnover
rates like those encoding certain proto-oncogene
products (c-myc, c-fos) (Jones and Cole, 1987;
Cleveland and Yen, 1989) and is involved in the
rapid degradation of these mRNA species
(Brewer, 1991). Since GST-HBx # 3 bound with
high specificity to the AU-rich RNA oligo that
represents a natural substrate for the protein
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AUF1 we were interested if the HBx protein
would be able to displace AUF1 from its binding
site on its RNA substrate. Descending amounts of
AUF1 protein were incubated with the radioac-
tively labeled AU-rich oligonucleotide in the pres-
ence of a constant amount of GST-HBx #3
protein (Fig. 8). When AUF1 protein alone is
incubated with the AU-rich RNA oligonucleotide
four distinct shifted bands could be observed
(bands A-D, Fig. 8.). At very high amounts of
added AUF1 protein (6—1.5 pg) these bands per-
sist even in the presence of GST-HBx # 3 (800
ng) protein. In the presence of equal or higher
amounts of the GST-HBx # 3 protein, however,
the appearance of the typical two HBx # 3—RNA

Protein: Nil  GST

bands (RNA-HBx 1 and 2, Fig. 8.) can be ob-
served whereas the AUF1-RNA bands disappear
in the order C/B— A —» D. These results indicate
that AUF1 and HBx # 3 might occupy the same
or overlapping binding sites on the AU-rich RNA
oligonucleotide and that the HBx protein when
present at equal or higher concentrations than
AUFI1 is able to displace AUF1 from its RNA
binding site. The observation of an additional
transient band neither observed with AUF1 nor
with GST-HBx # 3 alone seems to support this
hypothesis (trimeric complex; Fig. 8). This band
might represent some intermediate trimeric com-
plex of the AU-rich RNA, AUF1 and GST-HBx
# 3.
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Fig. 7. EMSA of HBx # 3—AU-RNA oligonucleotide interactions in the presence of oligonucleotide competitors. Analysis of the
binding of GST-HBx # 3 to the RNA oligonucleotide in the presence of 10 x or 100 x molar excess of unlabelled RNA or DNA
oligonucleotides. Lanes 1-11, radioactively labeled AU-rich RNA oligonucleotide (240 pg per lane). Proteins: lane 1, nil; lane 2,
GST (1 pg); lanes 3—11 GST-HBx # 3 (1 pg). Competitors oligonucleotides: Lanes 1-3, no competitor; lane 4, 10 x molar excess
of AU-rich RNA oligonucleotide; lane 5, 100 x AU-rich RNA oligo; lane 6, 10 x DNA oligo 1; lane 7, 100 x DNA oligo I; lane
8, 10 x DNA oligo 2; lane 9, 100 x DNA oligo 2; lane 10, 10 x oligo d(T),s DNA; lane 11, 100 x oligo d(T),s DNA.
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Fig. 8. Competitive binding of GST-HBx # 3 and 6His-AUF1 fusion proteins to the AU-RNA oligonucleotide as analyzed by
EMSA. Analysis of the binding of decreasing amounts of 6His-AUF1 protein to the AU-rich RNA oligonucleotide in the presence
of GST-HBx # 3 protein (800 ng per lane). Lanes 1-15, radioactively labeled AU-rich RNA oligo (240 pg per lane); Proteins: lane
1, nil; lane 2, GST (1 pg); lanes 4—15, GST-HBx # 3 (800 ng per lane); lane 3, 6His-AUF1 protein (6 pg); lanes 5—15, decreasing

amounts of purified 6His-AUF1 protein as indicated on the top.

4. Discussion

Although a subject of intense research the func-
tion of the HBV protein HBx is still very contro-
versial (Yen, 1996). A structural analysis of the
HBx protein by crystallographic or NMR tech-
niques would be of great value for the better
understanding of its functions. Here, we present
data that show the expression of HBx in E. coli
and its purification in mg amounts as full length
protein as well as in truncated form.

We found that the HBx protein is expressed in
an insoluble form in E. coli like it was described
previously by others (Jameel et al., 1990; Gupta et
al., 1995; Qadri et al., 1996; Marczinovits et al.,
1997). To obtain larger amounts of soluble HBx
we tried several different approaches. The first
was to co-express the HBx protein with either the
chaperones GroEL and GroES or with the bacte-
rial thioredoxin. (Yasukawa et al., 1995). The

presence of these chaperones in increased concen-
tration did however not result in any soluble HBx
production. This might indicate that these specific
chaperones are not involved in the folding path-
way of the HBx protein. Likewise neither the
co-expression of Trx also resulted in any de-
tectable expression of soluble HBx, again indicat-
ing that additional factors are involved that
contribute to the low solubility of the HBx
protein.

The second approach to purify soluble HBx
from E. coli was based on the presence of an
N-terminal omp A signal sequence that directs the
HBx protein to the bacterial periplasmatic space,
an oxidizing environment that might help in the
correct formation of disulfide bonds. The properly
processed HBx fusion protein without the omp A
signal sequence ( ~ 20 kDa band), however, made
up only ~ 10% of the total purified HBx fusion
protein. Because our attempts to isolate soluble
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HBx from the periplasmatic space (Koshland and
Botstein, 1980) were unsuccessful (data not
shown), we concluded that the HBx protein might
also form inclusion bodies in the periplasmatic
space.

The third approach to obtain soluble HBx
protein expressed in E. coli was the systematic
truncation of the N- and C-terminal regions of
the protein. This approach was used with good
success for other proteins expressed in E. coli or
other expression systems. Two examples are the
gpl120 protein of HIV (Kwong et al., 1998) and
the HIV integrase (Dyda et al., 1994). In both
proteins both N- and C-terminal regions as well
as internal extensive loop regions in the case of
the gp120 were removed, since it had been shown
in functional studies that these regions are not
necessary. After these drastic modifications, both
proteins were obtained in a more soluble form.
Subsequently they could be crystallized and their
structures were solved by X-ray crystallography
(Dyda et al., 1994; Kwong et al., 1998). Using the
expression vector psW202, we constructed five N-
and C-terminal deletion mutants for the expres-
sion of truncated HBx-6xHis fusion proteins and
two deletion mutants as well as full-length HBx
for the expression as GST fusion proteins (Figs. 4
and 5). To assess the potential biological activity
of both the full-length HBx-6xHis and the differ-
ent deletion constructs, we next established a sim-
ple in vitro test system. It had been reported
previously that HBx can bind to single-stranded
DNA (ssDNA) (Qadri et al., 1996). We were
interested to test if HBx can also bind to RNA
and used an AU-rich RNA oligonucleotide as the
test substrate in the EMSA.

We found that all of our HBx fusion constructs
bound to the AU-rich RNA oligonucleotide,
whereas the negative control GST was not able to
cause the retardation of the oligonucleotide probe
in the gel. Since the constructs GST-HBx # 2 and
# 3 represent the N- and C-terminal halves of the
HBx protein but both bound to the RNA
oligonucleotide, we were interested to test their
relative affinity to the RNA. According to Carey
(Carey, 1991) the binding affinity can be esti-
mated from the protein concentration required to
bind half of the nucleic acid in the EMSA. From

the data shown in Fig. 6 and other similar experi-
ments (data not shown), we estimated that the
relative affinity of GST-HBx # 3 to the RNA is
~ 10 times higher than that of GST-HBx # 2
(Fig. 6). This demonstrates that a domain with
high affinity for RNA must be located in the
region between residues 80—142 of HBx. These
data seem to correlate with some other data from
the literature that also functionally dissect the
N-terminal and C-terminal halves of the HBx
molecule (Kumar et al., 1996; Gottlob et al., 1998;
Kwee et al., 1992). Interestingly HBx transactivat-
ing capacity is also attributed to the C-terminal
half of the molecule (Kumar et al., 1996; Wentz et
al., 2000).

Next we tested if the binding specificity of HBx
to our RNA oligonucleotide probe differs of that
observed for HBx binding to single-stranded
DNA (Qadri et al., 1996). We started to address
this question by testing the GST-HBx # 3 con-
struct in a competition EMSA experiment where
we added competing non-labeled oligonucleotides
(Fig. 7). Different concentrations of homologous
and heterologous single-stranded nucleic acids
were used to try to inhibit the interaction. A 10 x
molar excess of the unlabelled AU-rich oligonu-
cleotide already showed complete inhibition of the
binding whereas even a 100 x molar excess of
none of the three tested DNA oligonucleotides
showed inhibition of the binding (Fig. 7). These
results indicate that the GST-HBx # 3 protein
might have a higher specificity for the AU-rich
RNA than for single-stranded DNA substrates.

It is tempting to speculate for a possible physio-
logic meaning of this affine binding to the AU-
rich RNA substrate in the light of HBx role as an
oncogene product. We chose the sequence of the
RNA-oligonucleotide because it encodes the so-
called AU-rich motif which is frequently found in
the 3’-end of several rapidly degraded mRNAs
like those of certain proto-oncogenes and cytoki-
nes (Jones and Cole, 1987; Cleveland and Yen,
1989). Since the HBx protein is expressed in the
cytoplasma of the host liver cell, it is possible that
HBx also binds in vivo in the liver cell to mRNA
substrates that contain AU-rich motifs. The bind-
ing of HBx might compete with the binding of
factors like the protein AUF1 which is bound to
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the AU-rich motif in vivo and is involved in the
rapid degradation of the mRNAs of certain
proto-oncogenes like c-myc or c-fos (Brewer,
1991; Zhang et al., 1993). Such a displacement of
AUF1 by HBx might cause the stabilization of
AU-rich proto-oncogene mRNAs and thereby
contribute to the transforming phenotype (Lee et
al., 1988). The efficiency of this displacement in
vivo depends on several unknown parameters like
the steady-state concentrations of the proteins
(AUF1, HBx) and mRNAs involved. Although
the expression level of the HBx in vivo might be
low, the contribution to the transformation of the
liver cell via the described mechanism can be
significant because the development of HCC from
a chronic HBV infection is a very slow process
and can take several years if not decades. It is
therefore quite possible that the constant presence
of the HBx protein in the chronically infected
liver cells leads to the enduring stabilization of
proto-oncogene mRNAs with AU-rich regions
and thereby contributes to the malignant transfor-
mation of the liver cells. In future in vivo experi-
ments we want to over express HBx in human cell
lines to address HBx role in this possible mecha-
nism of cellular transformation.
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Abstract

The hepatitis B virus (HBV) protein HBx has been implicated to induce liver cancer in transgenic mice and transactivates a variety of
viral and cellular promoters. The 17 kDa protein HBx consists of 154 amino acids, contains 10 cysteine residues and is translated during
the viral infection. It has been shown previously that the HBx protein is able to bind to singlestranded DNA and RNA. This nucleic acid
binding activity might be relevant for HBx oncogenic character. Furthermore, HBx has been reported to interact with a series of cellular
proteins, especially with transcription factors, including the tumor suppressor protein p53. To evaluate the importance of the cysteine residues
in HBx for its interaction with RNA and p53 we expressed full-length HBx-wt as well as several truncated mini-HBx(18—142) proteins with
multiple cysteine to serine point mutations as 6xHis fusion proteirssicherichia coli Using UV cross-linking assays we demonstrate
that all truncated mini-HBXx proteins with cysteine/serine point mutations maintained the ability to bind to an AU-38 RNA oligonucleotide.
Furthermore, we performed in vitro binding assays of selected HBx mutants with GST-p53, circular dichroism spectroscopic analysis of the
mutant HBx protein secondary structure and a p53 based transcription activation assay in yeast cells. In summary, our data suggest that the
cysteine residues in the HBx protein are of minor importance for its interaction with both RNA and the p53 protein.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Viral hepatitis; Hepatocellular carcinoma; Viral transactivator; Oncogene

1. Introduction more than 1 million people die from HCC. HBV is the small-
est known DNA virus and it has a strict tissue tropism to
Infection with hepatitis B virus (HBV) has been associ- the liver, causing acute or chronic hepatitis, leading to necro-
ated with development of liver cancer (HCC), one of the most sis followed by multiple nodular hyperplasia and cirrhosis
prevalent malignant diseases worldwidéo{linger, 1996. (Ganem, 1996 Although the induction of regenerative hy-
Of the 2 hillion people who have been infected with HBV, perplasia might be involved in the initiation of HCC, HBV
more than 400 million are chronic carriers of HBV and these may have a more direct role. The HBV genome is composed
people have a 100-fold increased risk of developing HCC of a partially double stranded DNA of 3.2 kb that contains
than non-carriers. It is estimated that each year worldwide at least four open reading frames (ORF) which are named
S, C, P, and X. The ORF X encodes a 17 kDa (154 amino
acids) protein termed HBX, which is translated during viral
infection. In animal models it has been suggested that HBx is
fax: +55 19 3287 7110. . i N . )
E-mail addressjkobarg@Inls.br (J. Kobarg). essential for the V|ral_repl|c_at|pn in vivZéulim et al., 1994_1,
1 Contributed equally to this work. Chen et al., 1993 Aside this finding the HBx has been im-
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0168-1702/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
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plicated in the development of HCC in transgenic migir( coli. We addressed the importance of Cysteines in the HBx
et al., 199). Due to its both cytoplasmatic and nuclear lo- protein for its binding to an AU-rich RNA oligonucleotide,
calization, HBx stimulates signal transduction pathways in for its interaction with the p53 protein and p53-dependent
the cytoplasm as well as interacts directly with transcription transactivation of a reporter gene. Using an UV cross-linking
factors in the nucleudHenkler et al., 2001l Morever, it has assay, we were able to demonstrate that all mini-HBx pro-
been shown that HBXx is a potent transactivator of several vi- tein cysteine/serine point mutants have the ability to bind to
ral and cellular promoterslivu et al., 1990; Yen, 19961t the AU-rich oligonucleotide (AU-38). The mini-HBx protein
has recently been reported that HBx can interact with sin- without any cysteine 6xHis-mini-HBx(-Cys) was also able
glestranded DNA (ssDNA) in a sequence independent butto interact with p53 protein in vitro just as full-length 6xHis-
base specific fashiorQadri et al., 1995 although it does  HBx with 10 Cys or 6xHis-mini-HBx with 5 Cys residues.
not bind to dsDNA. Since HBx can bind to ssDNA&dri CD spectroscopy studies demonstrated that the mini-HBx
et al., 1996, we speculated that it might also be able to inter- proteins with and without the Cysteines have almost identi-
act with RNA. Our previous studie®(i et al., 200) have cal secondary structure compositions thereby indicating that
shown that HBx can displace the human protein AUF1 from the Cysteines might not be relevant for HBx structure. Taken
its binding site on the RNA oligonucleotide in a competitive together, these results suggest that the Cys residues in the
binding experiment of AUF1 and HBx to an AU-rich oligonu-  HBXx protein are not important for its interaction with RNA
cleotide (AU-38). The displacement of cellular factors from nor with the p53 tumor suppressor protein.
proto-oncogene mRNAS in vivo by HBx might contribute to
its oncogenic character.

Onthe other hand HBx has not only been shown to interact 2. Materials and methods
with singlestranded DNA and RNA but with several different
cellular proteinsiurakami, 199%. The interacting proteins
include proteins from different functional groups, such as:
gene specific transcription factors, including among others
p53 (Feitelson et al., 1993, 199 HZIP family proteins such
as ATF Barnabas et al., 199and NF-kB @Assogba et al.,
2002, general transcription factors such as TBRafg
etal., 1998 and TFIIB (in et al., 1997; Haviv et al., 1998
DNA repair proteins such as UVDDBSftterlin et al., 1997;
Wentz et al., 2000 proteasome subunits XAPCFigcher
et al., 1995Huang et al., 1996 and finally several proteins
that are not yet fully characterized functionally such as XAP2
(Kuzhanaivelu et al., 1996 XIP (Melegari et al., 1998 to
mention only two of them.

P53 is an important regulatory protein involved in safe-
guarding the genomic integritizéne, 1992, sensing of DNA

2.1. Construction of plasmids and yeast strains

The full-lenght HBx DNA (subtypeayw) (Galibert et al.,
1979; Lo et al., 198Binserted into pCMV-Ad (kindly pro-
vided by Dr. R. Schneider, New York) was used as a tem-
plate DNA in the PCR reactions, in order to amplify the full-
length HBx gene (510 bp) and a truncated miBx gene
(372 bp). The full-lengtiHBx gene was directionally cloned
into the bacterial expression vector pET28a+ (Novagen) via
Ndd (sense oligonucleotide: AC GAA TTC CAT ATGCT
GCTAGG TTG TGC TGC C) anXhd (anti-sense oligonu-
cleotide: GTT CTC GAGITA GGC AGA GGT GAA AAA
G) restriction sites, while the truncateaini-HBx gene was
cloned into pET28a+ vidNdd (sense oligonucleotide: G
GAA TTC CAT ATG CGT CCC GTC GGC GCT GAA
damagel(ee et al., 199h monitoring of the G1 checkpoint  TC) andBanHI (anti-sense oligonucleotide: CG GGA TCC
ofthe cell cycle Kastan et al., 199and activation ofthecel- TTAGAC CAATTT ATG CCT ACA GCC) restriction sites.
lular apoptosis program to kill cells with damaged genomes pET28a+ encodes upstream of the insertion site a histidine
(Shaw et al., 1992 The inactivation of p53 function through  tag (6xHis), which allows the purification of the recombinant
mutations or by interaction with viral proteins is a common fusion proteins via Ni-affinity chromatography. The recom-
event in human carcinogenesis and the majority of human binant plasmids HBx-pET28a+ and the mini-HBx-pET28a+

cancers show mutations in thpb3 gene Hollstein et al.,
1991). Thep53gene is in fact inactivated in 30-55% of hep-
atocellular carcinomassphn et al., 2000 P53 is a cellular

were transformed irE. coli BL-21 cells, for the expres-
sion of the 6xHis-HBx and the different 6xHis-mini-HBx
proteins. The HBx(1-154), mini-HBx(18-142) and mini-

protein target for a series of viral onco-proteins, that are in- HBx(18—-142)-Cys (not coding any Cysteines) were ampli-
volved in neoplastic transformation and include the SV40 fied by PCR and subcloned in frame with the lexA DNA
T antigen, E1A and B of the adenovirus, E6 and E7 of the binding domain in the yeast expression vector pBTM116 via

HPV virus Wang and Harris, 199@&nd HBx of the hepatitis

B virus (Elmore et al., 1997; Feitelson et al., 1993; Takada

et al., 199%. The direct interaction of HBx with p53 can in-

EcadRl andBanHI restriction sites.
A pGEX plasmid containing the full-length human p53in
frame with GST was kindly provided by Dr. Gianni Del Sal

terfere with p53 sequence specific DNA binding and gene (Laboratorio Nazionale CIB, Trieste, Italy). The gene coding

transactivation.

In this study, we expressed the full-length 6xHis-HBx pro-
tein and truncated 6xHis-mini-HBXx proteins containing sin-
gle or multiple cysteine to serine substitution&scherichia

human p53(1-393) protein was amplified from this vector
with specific primers and inserted in frame with the Gal4 ac-
tivation domain, vidEcoRl andBanH] sites, into the cloning

site of the yeast expression vector pGAD424 (Clontech). The
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correctness of all vector constructs was confirmed by DNA changes of the buffer. Dialyzed protein was cleared by cen-
sequencing. trifugation at 14,000« g and used for the UV cross-linking
and in vitro p53 binding assays.
2.2. Site-directed mutagenesis
2.5. Circular dichroism analysis
The 14 mini-HBXx cysteine to serine point mutants were
constructed through PCR methodology according to the  The espectroscopic CD analysis of the HBx proteins was
QuickChang&Msite-Directed Mutagenesist (Stratagene). performed on a JASCO J-810 spectropolarimeter, coupled to

All mutants were confirmed by DNA sequencing. a Peltier PFD 425S system for stable temperature a€20
The far UV-CD spectra (260-190 nm) were collected us-

2.3. Expression of proteins and purification of the ing a quartz cuvet with an optical path of 1 mm. The final

p53-GST fusion protein spectra were obtained from at least four independent scans

and by subtraction of the solvent spectrum. The obtained

E. colistrain BL-21 was transformed with the either HBx, data were converted into values of residual molar eliptic-
or mutant mini-HBx DNA containing pET28a+ vector, with ity 6, and processed by the progradDNN deconvolution
human p53 containing pGEX-2TK or empty pGEX-2TKvec- (http://bioinformatik.biochemtech.uni-halle.de/cdnta/ ob-
tor. Cells were grown in LB medium containing kanamycin tain the predicted relative percentage of secondary structure
(PET) or ampicillin (pGEX) to an Oy = 0.7, followed by elements for each of the analyzed HBx proteins at the differ-
addition of isopropylthig3-p-galactoside (IPTG) to a final  ent buffer conditions.
concentration of 1 mM and induced for 3h at°&7. Cells
were harvested by centrifugation and HBx proteins were pu- 2.6. UV cross-linking assay of HBx with RNA
rified from inclusion bodies as described further. oligonucleotides

GST and GST-p53 were expressed in a similar fashion
but purified from the soluble protein fraction of the bacte- The purified 6xHis-HBx and 6xHis-mini-HBx pro-
rial lysate using glutathione-sepharose 4B (Amersham) asteins were incubated with an AU-richy[32P]-RNA 38-
described previously for other GST fusion proteikk(aes mer oligonucleotide (GUGAUUAUUUAUUAUUUAUU-

etal., 2003. UAU UAUUUAUUUAUUUAG) (Rui et al., 2001 in a final
volume of 25ul containing 20 mM Hepes, 10 mM Mggl

2.4. Purification of 6xHis-HBXx fusion proteins from 60 mM KCI and 10% glycerol. After incubation on ice for

inclusion bodies 30 min, the opened reaction tubes were exposed to the ul-

traviolet light (254 nm) for 5min in a distance of 100 mm

A bacterial pellet derived from a 11 culture was resus- (UV Stratalinker 2400). The complexes were resolved by
pended in lysis buffer (50 mM Tris—HCI pH 8, 5mM EDTA, SDS-PAGE under denaturing conditions and visualized af-
5mM DTT, 1 mM PMSF) containing lysozyme (1 mg/ml). ter a 2-6 h exposition on a BAS-IP MS 2325 (Fuijifilm) by
After incubation on ice for 30 min, cells were lysed by three phosphorimager scan (Bio-Imaging Analyzer BAS-1800ll;
subsequent freeze—thaw cycles. Genomic DNA was digestedruijifilm).
by addition of DNAse (J.g/ml) and incubation for 20 min
at 37°C. After incubation, the samples were sonicated and 2.7. Co-precipitation assay of GST-p53 with HBx
the pellet was separated by centrifugation at 18,609for
15minat4C. The pelletwas ressuspended inwashing buffer ~ We used the expressed and purified proteins GST, GST-
(50 mM Tris—HCl pH 8, 5mM EDTA, 5mM DTT, 3Murea, p53 and HBXx in its various mutant forms to perform pull
1% Triton X-100) and then centrifuged at 950@ for 15 min down assays in vitro. First, we immobilized GST-p53 pro-
at 4°C for three times or until the supernatant was clear. The tein or GST control protein on glutathione beads. The cou-
pellet containing the HBx inclusion bodies was solubilized in pled beads were than incubated with wt-HBx(1-154), mini-
20 ml of 50 mM Tris—HCI, (pH 8), 8 M urea and the solution HBx(18-142) or mini-HBx(-Cys) Kig. 1). After incuba-
was cleared by centrifugation at 14,0809 for 20 min at tion and extensive washings with PGDE buffer (25 mM
4°C. The resulting solution was filtered and applied to a Ni- Pipes, pH 6, 50 mM KCI, 80 mM NaCl, 1 mM EDTA, 7 mM
NTA column (QIAgen). The subsequent washing and elution 2-mercaptoethanol, 0.1% Triton X-100, 5% glycerol) the
steps were all carried out with buffer A (8 M urea, 100mM beads were collected and bound protein was analyzed by
NaH,POy, 10 mM Tris—HCI) but at different pHs. The col- SDS—-PAGE.
umn was washed first with buffer A, pH 8 and than with buffer
A, pH 6.3. Bound protein was eluted with a linear pH gradient 2.8. Yeast one-hybrid system based p53 transcriptional
between 6.3 and 4.5 in buffer A. The column eluate was col- activation assay
lected in 2 ml fractions and 10 aliquots were analyzed by
SDS—-PAGE. Peak fractions were pooled and dialyzed against  The vector p53blue (Clontech) was generated by insert-
renaturing buffer (10 mM Pipes, pH 7) atf@ with several ing three tandem copies of the consensus p53 binding site
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C6C7_C17_C26 C61 C69 ClIS  C137C143C148

mexw' AL 11 [ 1 | LI T s«
18 142
mini-HBx L1 I 1 | []
x-C268 L] 1 | []
x-C61S [ | L1 | [
x-C69S [ | | | ]
x-C1158 [ | | | I []
x-C26/61S [T 1 1 I |
x-C26/1158 [ 1 I ]
x-C26/137S L] | | | 1
x-C61/115S L1 1 I 1
x-c26/61/137s L] I | | 1
x-C26/69/137s L | I 1
x-C26/115/1378 L 1 I 1
x-C26/61/115/1375 || L1 I 1
mini-HBx(-Cys) LI [ 1 I 1

Fig. 1. Schematic representation of the different HBx protein variants indicating the introduced cysteine/serine mutations. The mini-HBgeysteoint

mutants were generated through site directed mutagenesis methodology and confirmed by sequencing analysis. The DNA fragments were clociedliadto the ba
expression vector pET28a+ and the HBx constructs were expressed as 6xHis fusion proteins. The numbers indicate the amino acid residues present in t
truncated HBX proteins. The cysteine residues are indicated in the HBx constructs and marked as full boxes while the serine residues are mpithkedas empt

via EcRV andSal sites into the vector pLacZi (Clontech). 1mM MgSQ) by freeze-thawing. Twenty-five millimolar
This vector was linearized with Apal and transformed into 2-mercaptoethanol and 10 mM ONPG (each dissolved in Z-
yeast strain W303 (important features of its genotyguks2- buffer) were added to each reaction. After 1 h atBCthe
1/ade2-1; ura3-1/ura3-1; his3-11,15/his311,15; trp1-1/trp1- reaction was stopped by adding 0.3 volumes of 1 MOI&s,
1;leu2-3,112/leu2-3,1)2or integration into its genome and  After mixing and centrifugation the OD of the supernatants
generation of the yeast reporter strain W303-p53blue which was measured at 420 nm using a spectrophotometer. All ex-
was used for the one-hybrid transcriptional activation assay periments were done in triplicate and the average value was
described further. Next, W303-p53blue cells were or were plotted as arbitrary units.

not transformed with pGAD424 or pGAD424-p53(1-393)

plasmids. In a second step these transformands were co-

transfected with empty pBTM116, or pBTM116 encoding 3. Results

for lexA in fusion with: HBx(1-154), mini-HBx(18-142) or

mini-HBXx(-Cys). 3.1. Cloning and expression of HBx fusion proteins
The degree of activation of the p53 promotor lacZ reporter
construct was then assessed by an ON&Gitfophenyl 8- The full-length 6xHis-HBXx protein (wt) and the mini-HBx

p-galactopyranoside) liquid assay (Clontech). Briefly, equal cysteine/serine point mutantgi¢. 1) were expressed iE.
quantities of yeast cells were centrifuged and disrupted in coli cells transformed with the plasmid pET28a+ that had the
Z-buffer (60 mM NaHPQy4, 40 mM NaHPQ4, 10 mM KCl, HBxgene of th@ywsubtype inserted in frame into its cloning
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Fig. 2. SDS—PAGE analysis of mini-HBx cysteine/serine point mutants under reducing (A) and non-reducing (B) conditions. One liter of baotenahsult
induced with 1 mM IPTG for 3 h at 37C. Harvested cells were lysed and HBx-inclusion bodies were solubilized in 8 M urea solution after previous purification.
The solubilisate was applied to a Ni-NTA superflow column wich had been equilibrated with buffer A (8 M urea, 100 mA®atH0 mM Tris—HCI, pH 8).

The column was subsequently washed with buffer B (like buffer A, but pH 6.3) and proteins were eluted in one step with buffer C (like buffer A but pH 4.5).
Aliquots of purified proteins were dissolved in SDS loading buffer containing 5% of 2-mercaptoethanol (A) or not (B). The 15% SDS—-PAGE was stained with
Coomassie blue. Approximatelypl of proteins were loaded in each lane. The molecular weights of the marker proteins (M) are indicated on the left side.
The HBXx protein point mutants are indicated on the top.

site. The expression of 6xHis-HBx and the 6xHis-mini-HBx ing conditions on a Ni-NTA columriLfungquist et al., 1989;
fusion proteins resulted in proteins of 18 ard5 kDa that Porath etal., 1975; Rui et al., 200The column was washed
were exclusively found in the insoluble inclusion body frac- and eluted in buffers containing 8 M urea and the collected

tion of the bacterial cell lysate. fractions were analyzed by SDS gel electrophoresis. The re-
combinant 6xHis-HBx fusion proteins were dialyzed against
3.2. Site-directed mutagenesis 10mM Pipes (pH 7) and used in the UV cross-linking and in

) ] . vitro p53 binding assays.

Ouraimwasto address the importance of Cysteinesforthe 5| gxHis-mini-HBx cysteine/serine point mutants were
biological activity of HBx protein and we decided to produce analyzed by SDS—PAGE under reducifigg( 2A) and non-
several point mutants of mini-HBx applying a site-directed reducing Fig. 2B) conditions, in order to addresss if di- or
mutagenesis methodology. Another group had shown before,timerization of the mini-HBx proteins would occur. Un-
that a truncated HBx protein, spanning amino acids 58-140 ge non-reducing conditions, it can be observed that the x-
maintained its full trans-activation func.tiom(lamar et al., C26/61/115/137S point mutant is mostly found as a dimer
199§. In order to remove some Cysteines and hydropho- ypjje the mutant mini-HBx(-Cys) (x-C26/61/69/115/137S)
bic amino acids from the N- and C-terminal regions of HBX i completely monomeric due to the lack of all five cysteine
we produced a 6xHis-mini-HBx(18-142) proteinkn coli. residues. The vast majority of point mutants was found in
Next, we produced mutant 6xHis-mini-HBXx(-Cys) proteins, 5 di- and oligomeric forms due to the formation of inter-
where the remaining five Cysteines were substituted by seriney,olecular disulphide bonds. Under reducing conditions, all
residues individually or in different combinations, applying  jnter-molecular disulphide bonds were reduced so that all the
a site-directed mutagenesis methodoldgig(1). Ithasbeen gy i mini-HBx point mutants have the same electrophoretic
shown previously that a Na, K-ATPase had its 23 Cysteines yqpilities and migrate as monomefid. 2).
changed to serine residues and this mutant protein had kept
its full functional and structural integrityHu et al., 200). ) ) ] ) )

All generated mini-HBx cysteine/serine point mutants have 3-4- Circular dichroism spectroscopic analysis of

124 amino acids (residues 18-142) and lack 6-10 Cysteined1BX-Wt, mini-HBx and mini-HBx(-Cys) proteins

in comparison to the full-length HBx-wt protein that contains
10 cysteine residue$ig. 1). All mutations were confirmed
by DNA sequencing.

Next, we wanted to address if the presence or absence
of cysteine residues in the protein HBx influences its sec-
ondary structure content measured by far UV circular dichro-
ism spectroscopy. We tested the different 6xHis-HBXx protein
variants using two different buffer conditions against which
the samples had been repeatedly dialyzed: pure waitpr3)

Since the full-length 6xHis-HBx and the 6xHis-mini-HBx and PGDE buffer (25 mM Pipes, pH 6, 50 mM KCI, 80 mM
fusion proteins were found in the inclusion bodies we solubi- NaCl, 1 mM EDTA, 7 mM 2-mercaptoethanol, 0.1% Triton
lized them with 8 M urea to purify the protein under denatur- X-100, 5% glycerol) Table 1.

3.3. Purification of the 6xHis-HBx fusion proteins by
Ni-NTA chromatography
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Fig. 3. Circular dichroism analysis of three HBXx proteins. Far-UV CD spectra & 20 the purified 6xHis-HBx (solid line), 6xHis-mini-HBx (dashed line),
and 6xHis-mini-HBx(-Cys) (dotted line) in pure water at pH 6. The protein concentration wigkfér each sample. Spectra were background corrected and
the observed optical activity was expressed as the mean residue molar ellipligitw[(deg x cm? x dmol1).

It is remarkable that the values of the secondary structure Cys residues, 6xHis-mini-HBx fivc and 6xHis-mini-HBx(-
contents of the three different tested HBx protein variants in Cys) no cysteine residue.
the same buffer condition are very simildiaple 1, Fig. 3).
The values are very similar between 6xHis-HBx compared 3.5. HBx and mini-HBXx lacking one to all Cysteines
to 6xHis-mini-HBX, suggesting that their secondary structure interact with AU-RNA oligonucleotides
contents are almost identical. 6xHis-mini-HBx(-Cys), which
lacks all Cysteines, also shows comparable values for the We decided to employ the HBx ability to bind to sin-
different secondary structure elements. It is noteworthy that glestranded DNA in vitro as described by Qadri and co-
there was relatively little variation in the content of secondary workers Qadri et al., 199Bas an assay for one potential bio-
structure comparing the three different protein versions of the logical activity of HBx. The binding of HBx to singlestranded
HBx when tested in the same bufféraple ). 6xHis-HBX, nucleic acids can be tested by an electrophoretic mobility
6xHis-mini-HBx and 6xHis-mini-HBx(-Cys) had for exam-  shift assay (EMSA) in which a radioactively labeled RNA
ple very close values ¢-sheet content in buffer PGDE (42, oligonucleotide 38-mer was useRi et al., 200} instead
42.6 and 43.7%, respectively). Comparing water and PGDE of the ssDNA probes described Radri et al. (1996)Here,
buffer, 6xHis-HBx for example showed a rather large de- we used an UV cross-linking assay instead of a conventional
crease of it sheet content from 45.9 to 42% respectively. EMSA assay, since it is more sensitive. We foukdy( 4),
In consequence of this, 6xHis-HBx random coil content in- that not only the full-length 6xHis-HBx fusion protein but
creases from 23.3% in water to 29.5% in PGDE. In sum- also all 6xHis-mini-HBx cysteine/serine point mutants pro-
mary, these data suggest that the buffer conditions have aeins were able to bind to the RNA oligonucleotide (AU-38)
larger influence on the random coil content of the different and caused its retardation in the denaturing gel. Along with
HBXx protein variants than the presence or absence of cysteinghe 38-mer AU-rich oligonucleotide we also tested an AU-
residues in the different protein variants, since HBx has ten rich 21-mer oligonucleotide (data not shown) and found that

Table 1
Assessment of the relative secondary structure content of the complete and mutant 6xHis-HBx protein variants in different buffers as measured by CLC
spectroscopy analysis (see Sectidior details and-ig. 3)

Secondary structure element 6xHis-HBx 6xHis-mini-HBx 6xHis-mini-HBx(-Cys)
Water PGDE Water PGDE Water PGDE
a-Helix 14.2 129 13.9 135 14.4 14.1
B-Sheet 45.9 42 45.6 42.6 42.3 43.7
B-Turn 16.6 15.6 16.4 15.9 16.4 16.4
Random coil 23.3 29.5 24.1 28 26.9 25.8

a8 PGDE buffer: 25 mM Pipes, pH 6, 50 mM KCI, 80 mM NaCl, 1 mM EDTA, 7 mM 2-mercaptoethanol, 0.1% Triton X-100, 5% glycerol.
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Fig. 4. The cysteine residues of the HBx protein are not important for its interaction with an AU-rich RNA oligonucleotide (AU-38). UV cross-fisfting a

with the HBx proteins and AU-38 mer oligonucleotide. After incubation on ice for 30 min, the protein—oligonucleotide complexes were exposéatadtet ul

light (254 nm) and resolved by SDS—PAGE under denaturing conditions. The 12.5% SDS gel was visualized by phosphorimager scan. Lanes 1-&[, radioactiv
labeled AU-rich RNA oligonucleotide AU-38 (120 fmol per lane). Proteins: lane 1, nil; lane 2, GST (0.76 nmol); lane 3, 6xHis-HBx-wt (0.35 nmaly:1dnes
6xHis-mini-HBx with the indicated point mutations (0.36 nmol per lane). The complexes of RNA and protein and the free probe are indicated odéhe left si

mini-HBx(-Cys) binds to these oligonucleotides just like scription activity of p53 regulated promoter8hn et al.,
mini-HBx and HBx-wt. In summary, these results indicate 2002, probably by stabilizing the p53-multimerization upon
that the lack of the Cysteine in the 6xHis-mini-HBx point binding. Such a stabilization had been described for HBx

mutants do not alter its interaction with RNA. upon binding to other transcription factorSchneider and
Schepartz, 2001 We wanted to test if HBx in its mutated

3.6. Mini-HBXx(-Cys) interacts with p53 protein as HBx forms is still capable of transactivating a p53 promotor in the

or mini-HBX presence of human p53. Therefore, we established a yeast

one-hybrid system based transcription activation system. The
strain W303 was transfected with a plasmid containing the
LacZgene (encodin@-galactosidase) under control of a p53
promotor region. Next, additional transfections of the yeast
expression plasmids (pGAD424) encoding human p53 in fu-
sion with the Gal4 activation domain on the one hand and of a
second yeast expression plasmid (pBTM116) encoding full-
length or the mutant mini-HBx proteins fused to the lexA
DNA binding domain were performed. The co-transfected
yeast clones were than tested for the activation ofptb@
reporter gene encoding-galactosidase (ONPG enzymatic
assay of th@-galactosidase activity). As expected, the pres-
ence of only the p53 encoding plasmid caused a relatively
strong activation of the reporter gerkéd. 6, column 2) butre-
mained on the same level when an empty pBTM116 had been
co-transfected into the cells (column 3). The co-transfection
of a pBTM116 plasmid containing the cDNA coding for full-
length HBx-wt or the two mutant HBx proteins (mini-HBx
or mini-HBXx-Cys), all caused an equally high increase in the
level of B-galactosidase expression in these cells. Full-length
It has been previously described that HBx binds to p53 HBXx caused an increase of the transcriptional activation by
(Feitelson et al., 1993and is capable to increase the tran- factor 1.69, mini-HBx by factor 1.68 and mini-HBx(-Cys) by

45

HBx has not only been shown to interact with sin-
glestranded DNA and RNA but also with many different cel-
lular proteins. The large group of HBx interacting proteins
contains members of diverse functional groups of proteins
(Murakami, 1999, especially transcription factors, includ-
ing p53. Based on the functional importance of p53 and its
well documented interaction with HB¥kgitelson etal., 1993;
Elmore et al., 199)7 we decided to test our mutant HBx pro-
teins ability to interact with human p53 protein in vitro. We
found that 6xHis-mini-HBx(-Cys) is as capable of interacting
with GST-p53 as is full-length 6xHis-HBx-wt and the 6xHis-
mini-HBX (Fig. 5. This interaction is specific for p53 since
the control glutathione sepharose beads containing only un-
fused GST control protein did not bind any of the HBx-wt or
mutant proteins.

3.7. HBx, mini-HBx and mini-HBXx(-Cys) increase the
p53 dependert-galactosidase reporter gene activity in
a yeast one-hybrid transcription activation assay
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Fig. 5. HBx, mini-HBx and mini-HBx(-Cys) interact with human protein GST-p53. In vitro pull down assay with recombinant purified proteins. Briefly,
glutathione sepharose beads were coupled with GST control protein or GST-p53 (denominated p53 above the figure) fusion protein. Next the loaded beac
were incubated with wild type 6xHis-HBx, 6xHis-mini-HBx or 6xHis-mini-HBx(-Cys) proteins as indicated above the figure. After washing the bteind pro

were analyzed by SDS—PAGE. Input control lanes indicate the positions of the corresponding protein bands, which are pointed out on the lefigine.of the

factor 1.87. This strongly suggestthat the mini-HBx aswellas 4. Discussion
mini-HBXx(-Cys), where all five Cys had been replaced by Ser,
Here, we wanted to test if the HBx cysteine residues are

are fully capable to cause the increase of the p53 transcrip-
tional activity. This increase of the transcriptional activation relevant to the structural and functional aspects of the HBx

by p53 is however not mediated by the lexA protein fusion protein. It has been previously shown for other proteins, that
partin the expressed constructs, since the expression of lexAreplacement of Cys residues to Ser residues in intracellu-

alone did not cause a significant increase in the transactiva-ar proteins might still preserve the proteins functions. In
tion of the reporter gene (1.1-fold increase onkyiy 6). the extreme and remarkable case of the Na, K-ATPase all

1 2 3 4 5 6
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Fig. 6. HBx, mini-HBx and mini-HBx(-Cys) increase the p53 dependieghlactosidase reporter gene activity in an yeast one-hybrid based transcription
activation assay. W303-p53 blue yeast cells were transformed with no vector (column 1) or with pGAD424-p53 vector encoding full-length human p53 in
fusion with the Gal4-activation domain (columns 2—6). These same strains were or were not (columns 1 and 2) co-transformed with: pPBTM116 ir@ntpr conta

no insert DNA (column 3), pBTM116-HBx(1-154) (column 4), pPBTM116-mini-HBx(18-142) (column 5), and pBTM116-mini-HBx(-Cys) (column 6). Freshly
grown co-transformed colonies were then grown in liquid culture. After adjusting equal cell numbers the cells were pelleted, lysed and tlasceiigs
submitted to a quantitative-galactosidase assay based on the OPNG reaction (see Seétiodetails). Each point represents the average value of three

independent experiments in arbitrary units.
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23 Cysteines of the protein sequence have been changed tteins that include both transcriptional activatdvugakami,
serine residues and the resulting mutant protein had kept its1999 as well as many signaling proteingen, 1996, be-
functional and structural integrityHu et al., 200D. We set cause itis able to adapt different conformations upon binding
out to construct by site-directed mutagenesis 14 6xHis-mini- to its target molecule. Further functional interaction studies
HBx proteins containing one to five cysteine-to-serine point of the mutated cysteine-free HBx with other important cellu-
mutations. We found that all of our mini-HBx point mutant lar protein partners are required in order to confirm whether
proteins can bind to the AU-rich oligonucleotide (AU-38). our findings hold true for other interacting proteins, too. In
Furthermore, we tested the capacity of selected mutants tothe moment we are trying to express and purify mini-HBx(-
interact in vitro with the human p53 tumor suppressor pro- Cys) in large scale for possible structural studies including
tein (Feitelson et al., 1993and to influence its transcription  crystallization trials and nuclear magnetic resonance spec-
activation function Takada et al., 1995; Ahn et al., 2002  troscopy analysis. Such studies had been impossible in the
We observed that the three proteins HBx-wt, mini-HBx with past due to the fact that bacterially derived HBx protein has
and mini-HBx without Cys residues all bound in a specific the strong tendency to form inter-molecular disulfide bridges
way in vitro to p53 and that all three proteins showed also and aggregate, therefore preventing any detailed structural
a significant stimulating effect on p53 transcriptional activa- characterization. However, structural data on the HBx pro-
tion. In summary, these data suggests that the Cys residuesein would be of great value in order to understand how this
of HBx are of minor importance for its activity RNA and intriguing viral protein achieves to adapt to so many differ-
p53 binding and for its enhancement of p53 transcription ent cellular protein targets and thereby mediate its manifold
activation. cellular functions.
In the literature the outcome of the interference of HBx

with p53 is still a matter of debate since both inhibitory ef-
fects of HBx on p53 functionWang et al., 1994as well as Acknowledgements
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Abstract

Chronic infection of the hepatitis B virus (HBV) is one of the causes leading to liver cancer. The 3.2 kb genome of HBV encodes four
proteins: core antigen, surface antigen, a DNA polymerase and the X protein (HBx). The biological functions of HBx are not fully understood.
It has been shown that HBx is a potent trans-activator, which activates transcription of many cellular and viral promoters indirectly via
protein-protein interactions. These transactivating activities of HBx may contribute to the development of hepatocellular carcinoma. In this
paper a truncated mini-HBx(-Cys) (18—142) protein, where the cysteines had been either deleted or substituted by serines, was constructed by
site-directed mutagenesis and overexpressed as a 6xHis fusion prdisichierichia coli The 6xHis-mini-HBx(-Cys) protein was isolated
from inclusion bodies, purified by Ni-affinity chromatography under denaturing conditions and refolded by sequential dialysis. The structure
of the 6xHis-mini-HBXx(-Cys) protein was analyzed by circular dichroism, fluorescence and one-dimensional NMR spectroscopic assays. The
data presented here suggest that HBx is unstructured but has a propensity to gain secondary structure under specific experimental conditions
Its conformational flexibility might partially explain its functional complexity, namely its capacity to interact with a wide array of signaling
proteins, transcriptional regulators and nucleic acids.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Viral hepatitis; Hepatitis B virus X protein; Viral transactivator; Onco-protein; Circular dichroism; Fluorescence

1. Introduction translation products through the use of varying in frame initi-
ation codons. These translation products include three surface
Hepatocellular carcinoma (HCC) is one of the major ma- antigens (HBsAQ): the envelope glycoproteins preS1, preS2,
lignant diseases in the world, ranking fifth as the most com- and S; core (C) and e antigens (HBcAg and HBeAg); viral
mon cancer, and it is believed that chronic hepatitis B virus polymerase (P); and the X protein (HBX)q et al., 1988;
(HBV) infection is a major global cause of HC@rputhnot Caselmann, 1996
and Kew, 2001; Waris and Siddiqui, 2003 he 3.2 kb HBV Both the X gene and its product are well conserved among
partially double-stranded DNA genome is the smallestamong mammalian hepadnaviruseKidd-Ljunggren et al., 1995;
mammalian viruses and predominantly infects human hepa-Hildt et al., 1996; Murakami, 1999HBXx is a small, 17 kDa
tocytes in the liver $eeger and Mason, 2000’ he compact  protein and produces antibodies in sera of infected humans
HBV genome includes four ORFs that encode at least sevenand naturally infected animals. Although the specific func-
tion of HBx in natural infection remains elusive, its presence
mponding author. Tel.: +55 19 3512 1125; fax: +55 19 3512 1006. Is ”?Ce.ssary.d”r.mg."ir‘."" replication and forthe eStab"Shment
E-mail addressjkobarg@Inis.br (J. Kobarg). ofviralinfectioninvivo in animalsChen etal., 1993; Zoulim
1 They contributed equally to this work. et al., 1994. HBx has been shown to activate the transcrip-

0166-0934/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.jviromet.2005.01.022
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tion of a variety of viral and host cellular genégdgselmann, from inclusion bodies were optimized, yielding 6xHis-mini-
1996; Murakami, 200\ This indiscriminate or ‘promiscu-  HBXx(-Cys) proteinin a high degree of purity. Far-UV CD and
ous’ trans-activation activity appears to be via an indirect pro- fluorescence spectroscopy were used to determine the overall
cess, since HBx does not have any classical double-strandedecondary and tertiary structure of the refolded protein, and
DNA-binding domain. It appears rather to act indirectly on the percentage of secondary structure was calculated using
transcription and signaling, through protein—protein interac- the CDNN deconvolutiorprogram. A one-dimensionaH

tions Maguire et al., 19911 NMR spectrumwas taken and collected data are in agreement

Due to its both nuclear and cytoplasmatic localization, with previous CD and fluorescence spectroscopy assays.
HBx can interact with transcription factors, stimulating the
transcriptional machinery in the nucleus as well as interfer-
ing with signal transduction pathways in the cytoplasma of 2. Materials and methods
the cell Murakami, 1999; Henkler et al., 20p1t has been
reported that HBx activates host genes such as the proto-2.1. Plasmid construction by site-directed mutagenesis
oncogenes cayc(Balsano et al., 1991 c-fos (Avantaggiati
et al., 1993 and cjun (Twu et al., 1993 and interacts with The truncated mini-HBx gene (372 bp), coding for amino
cellular proteins like TBP (TATA-binding protein)Qadri acids 18-142 of the HBx protein, was amplified by PCR using
et al., 1995; Wang et al., 1993and the cAMP-responsive  the full-lenght HBx DNA (subtypayw) inserted into pCMV-
element binding protein (CREB)(lliams and Andrisani, Ad (kindly provided by Dr. R. Schneider, New York) as a
1995. HBx also activates transcription factors such as ATF-2 template DNA. The mini-HBx gene was directionally cloned
and NF«B (Maguire etal., 1991; Twu et al., 198%s well as into the bacterial expression vector pET28a+ (Novagen) via
the Ras-Raf-Mitogen-activated protein (MAP) kinase signal- Ndd andBanH]I restriction sites. The recombinant plasmid
ing cascadeRenn and Schneider, 1994nd the JAK/STAT pET28a+/mini-HBx(18-142) was used as atemplate DNA in
signal transduction pathwaylsde and Yun, 1998; Arbuthnot  the following PCR reactions in order to generate a complete
et al., 2000. Besides, HBx has also been reported to interact cysteine/serine point mutant using ti@ickChang& Site-
both in vivo and in vitro with the tumour suppressor pro- Directed Mutagenesikit (Stratagene). The cysteine/serine
tein p53 Feitelson et al., 1993; Wang et al., 1994; Truant point mutations were confirmed by DNA sequencing. The
et al., 1995; Elmore et al., 199 &vhat implicates an impor-  recombinant plasmid pET28a+/mini-HBx(-Cys) contains a
tant role of the HBx protein in the regulation of cell cycle 6-histidine tag (6xHis) encoding sequence that allows the
control Benn and Schneider, 199and programmed cell  purification of the recombinant fusion protein via Ni-affinity
death Wang et al., 1995; Chirillo et al., 1997; Arbuthnot chromatography.
et al., 2000.

Lastly, HBx may be responsible for hepatocarcinogene- 2.2. Expression and purification of 6xHis-mini-
sis by modulating DNA repair in the host cefrputhnot et HBx(-Cys) fusion protein from inclusion bodies
al., 2000, due to its interaction with tumour suppressor pro-
tein p53, thus affecting the p53-mediated repair pathway, and E. coli strain BL-21, transformed with the mini-HBx
UVDDB (UV-damaged DNA-binding proteinBecker et al., (-Cys) DNA containing pET28a + vector, was grown in LB
1998; Groisman et al., 1999These results are consistent medium containing kanamycin (@/ml) to an OQgp=0.7.
with a model in which HBx acts as a cofactor in hepatocar- The culture was subsequently induced at@#or 4 h with
cinogenesis by preventing the cell from repairing damaged 1 mM IPTG (isopropylthioB-p-galactoside). Cells were har-
DNA, thus leading to an accumulation of DNA mutations vested by centrifugation and the bacterial pellet was resus-
and, eventually, canceB(tel et al., 1996; Capovilla et al., pended in lysis buffer (50 mM Tris—HCI pH 8, 5mM EDTA,
1997; Anthony, 2001L 5mM DTT, 1mM PMSF) containing lysozyme (1 mg/ml).

Previous studies had also shown that the HBx protein is After incubation on ice for 30 min, cells were lysed by three
able to bind to single stranded DN®A&dri et al., 199band subsequent freeze-thaw cycles. Genomic DNA was digested
an AU-rich RNA oligonucleotide in a gel shift assayui et by addition of DNAse (j.g/ml), and after incubation for
al., 200). This nucleic acid binding activity might be relevant 20 min at37C, the samples were sonicated and the pelletwas
for HBx oncogenic character. It has been previously shown separated by centrifugation (18.68@ for 15 min at £C).
that HBx is able to displace the AUF1 protein fromits binding The pellet was ressuspended in the washing buffer (50 mM
site on the RNA oligonucleotide, which could cause the sta- Tris—HCIl pH 8, 5mM EDTA, 5mM DTT, 3M Urea, 1% Tri-
bilization of AU-rich proto-oncogenes mRNAs and thereby ton X-100) and then centrifuged at 9.50@ for 15 min at
contribute to the transforming phenotygey| et al., 200 4°C for three times or until the supernatant was clear.

A truncated protein mini-HBx(18-142) (-Cys), where The pellet containing the 6xHis-mini-HBx(-Cys) inclu-
the remaining five cysteines have been replaced by serinesion bodies was solubilized in 50 mM Tris—HCI (pH 8),
residues, was generated by applying a site-directed muta-8 M urea and the solution was cleared by centrifugation at
genesis methodology. ExpressiorEscherichia colBL-21 13.700x g for 20min at 4C. The resulting solution was
cells and protein purification by Ni-affinity chromatography filtered and applied to a Ni-NTA column (QIAgen). The sub-
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sequent washing and elution steps were all carried out with phosphorimager scan (Bio-Imaging Analyzer BAS-1800ll;
buffer A (8 M Urea, 100 mM NabPQy, 10 mM Tris—HCI) Fujifilm).

but at different pHs. The column was washed first with buffer

A, pH 8 and than with buffer A, pH 6.3. Bound protein was 2.6. CD spectroscopy

eluted with a linear pH gradient between 6.3 and 4.5 in buffer

A. The column eluate was collected in 2ml fractions and  Circular dichroism (CD) experiments were performed at
10pl aliquots were analyzed by SDS-PAGE. The proteins the indicated temperatures on a JASCO J-810 spectropo-
6xHis-HBx(1-154) and 6xHis-mini-HBx(18-142) were ex- larimeter coupled to @eltier PFD-425S system for tem-

pressed and purified according to the same protocol. perature control. Measurements in the far-ultraviolet region
(190-260 nm) were carried out with a 1 mm path length
2.3. Refolding of purified protein quartz cell (Hellma). The protein concentration was 5g:l/b

in aqueous solution at pH 6. Four scans were averaged

The denatured purified protein in eluted fractions was re- for each sample and the contribution of the buffer was
folded by dialysis at 4C in 10 mM Pipes (pH7) with several ~ a@lways subtracted. The observed optical activity was ex-
changes of buffer. After this, the protein was again dialyzed Pressed as the mean residue molar ellipticifyikw (degree
against pure water. Dialyzed protein was cleared by centrifu- cF dmol™*). The secondary structure of the recombinant
gation at 2000« g and used in all spectroscopic assays. Pro- 6xHis-mini-HBx(-Cys) protein was predicted GDNN de-
tein concentration was measured by determining the absorp-convolutionsoftware fttp://bioinformatik.biochemtech. uni-
tion in a 1 cm path length cell using a JASCO UV/\Vis spec- halle.de/cdnf).
trophotometer. For 6xHis-mini-HBx(-Cys) protein, a molar
extinction coefficient at 280 nm of 6970M x cm~1 was
used.

2.7. Fluorescence spectroscopy

The intrinsic fluorescence emission spectra were mea-
sured by AMINCO-BOWMAN (Series 2) luminescence
spectrometer, using a 10 mm path length quartz cell (Hellma).
The excitation wavelength was set at 295 nm, and the emis-
sion spectra were collected over a range of 310-430 nm, and
recorded at 25C or at 37°C. The protein concentration was
2uM in aqueous solution at pH6. NaCl was added to a final
concentration of 100 mM, and Gdn-HCI to 6 M. Spectra were
background corrected and values\gfx were obtained from
the emission spectra.

2.4. Western blotting

Proteins were separated by SDS-PAGE using a 12.5%
acrylamide gel and then transferred to the PVDF membrane
(Immobilorf™-P, Millipore) using aSemi-Dry Blotting Sys-
tem(W.E.P. Company). The membrane blocked in 5% BSA
in TBS (20 mM Tris—HCI, 150 mM NacCl, 0.1% Tween-20,
pH 7.2) was probed with primary antibody (anti-4xHis at
1:3000) or antiserum anti-HBx (at 1:100). The produced an-
tiserum is a polyclonal rabbit anti-6xHis-HBx(1-154) anti-
body that has been generated by six immunizations of rab-

bits with 1 mg of recombinant 6xHis-HBx(1-154) protein. The one dimensiondiH NMR experiment was carried
Secondary antibodies (anti-mouse antibody and anti-rabbity t 5 a Varian INOVA 500AS spectrometer operating at
antibody) conjugated with HRP were used at a dilution of 499 730 MHz forlH frequency, at a temperature of 5.
1:5000, and immunoreactive proteins were detected usingThg proton chemical shifts were referenced to the water signal
theWestern Blotting Luminol Reagef8anta Cruz Biotech- 51 \as set at 4.8 ppm. Water suppression was achieved by
nology). low power continuous wave irradiation during the relaxation
delay or using the WET pulse technique. An NMR sample
of ~400uM of 6xHis-mini-HBx(-Cys) in aqueous solution
containing 5% RO at pH 6 was used in the one-dimensional
1H NMR assay.

2.8. NMR spectroscopy

2.5. UV cross-linking assay of HBx with an AU-rich
RNA oligonucleotide

The purified 6xHis-HBx(1-154), 6xHis-mini-HBx(18—
142) and 6xHis-mini-HBx(-Cys) proteins were incu-
bated with a radiolabeled AU-rich y[32P]-RNA 38- 3. Results
mer oligonucleotide (GUGAUUAUUUAUUAUUUAUU-
UAUUAUUUAUUUAUUUAG) (Rui et al., 200} in a final 3.1. Cloning and expression of 6xHis-mini-HBx(-Cys)
volume of 25ul containing 20 mM Hepes, 10 mM Mggil fusion protein
60 mM KCI and 10% glycerol. After incubation on ice for
30min, the opened reaction tubes were exposed to the ul- The 17 kDa protein HBx consists of 154 amino acids, con-
traviolet light (254 nm) for 5min in a distance of 100mm tains 10 cysteine residues and is translated during the vi-
(UV Stratalinker 2400). The complexes were resolved by ral infection. The HBx protein has been involved in several
SDS-PAGE under denaturing conditions and visualized af- important steps on the HCC development due to its ability
ter a 2—6 h exposition on a BAS-IP MS 2325 (Fujifilm) by to induce liver cancer in transgenic mid€ifh et al., 1991;
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Koike, 2002 and to transactivate a variety of viral and cellular
promoters Twu et al., 1990; Yen, 1996; Caselmann, 1296

E. Rui et al. / Journal of Virological Methods 126 (2005) 65-74

protein p53 and also to RNAMoura et al., 200p Further-
more, they showed that the circular dichroism spectra of the

HBx has also been reported to stimulate the transcription ma-wt HBx and mini-HBx(18-142) are practically identical, sug-

chinery in the nucleus by indirect activation of transcription

gesting that both proteins have similar conformatiovisijra

factors and cell signaling pathways, deregulating the cell cy- et al., 200%. Finally, when the mini-HBx(18-142) protein

cle checkpoints that might lead to an uncontrolled cellular
proliferation Benn and Schneider, 1995; Kim et al., 1998
Nevertheless, the exact function of HBx is still unknown and
its structural determination would be of great value in the
study of HCC development mediated by HBx.

However, the detailed study of HBx functions has been
complicated due to the difficulty in HBx isolation from HBV-

was used as a bait protein in a yeast two-hybrid screen, it was
like wt HBx capable to interact with both new as well as previ-
ouslyidentified proteins (Rui et al., unpublished observation),
including RXR (Retinoid X receptor) and UVDDB (UV-
damaged DNA-binding proteinkéng et al., 2000; Sitterlin

et al., 1997. However, it was observed that the remaining
five cysteine residues in this protein tend to result in the for-

infected liver tissues and from transfected cell lines becausemation of incorrect intermolecular disulfide bridges, leading
of its low expression level and its short half-lifidi{dt et al., to the aggregation of the mini-HBx(18-142) protein in vitro.
1996; Urban et al., 1997Besides, it has been shown pre- Therefore, it was decided to produce the mutant 6xHis-mini-
viously that HBx protein is predominantly expressed in the HBx(-Cys) protein, where the remaining five cysteines were
insoluble inclusion body fraction of the bacterial cell lysate substituted by serine residues, by applying a site-directed mu-
(Jameel et al., 1990; Marczinovits et al., 1997; Rui et al., tagenesis methodology. It has been shown previously that a
200)). It also tends to form intracellular aggregates when ex- Na, K-ATPase had its 23 cysteines changed to serine residues
pressed in insect cells using a baculovirus expression systenmand this mutant protein had kept its full functional and struc-

(Urban et al., 199) Of the 14 liters of HBx transformeH.
coli induction, only 0.05% of the recombinant HBx protein
produced was isolated from the soluble fractidinu@nt et
al., 19995. In order to improve HBXx poor solubility several

tural integrity Hu et al., 200].

The full length HBx genegyw subtype) was used as a
DNA template in PCR reactions in order to generate a trun-
cated mini-HBx(-Cys) gene. The mini-HBx(-Cys) gene has

investigators have tested a series of induction and expressiorl24 amino acids (residues 18-142) and lacks all 10 cys-

conditions inE. coli, including the co-expression of thiore-
doxin or the chaperones GroEL and GroRsi(et al., 200},

but none of this has shown any improvement on HBx solu-
bility (Hildt et al., 1996. The reducing environment inside

teine residuesHig. 1). The cysteine/serine point mutations
(Cys26Ser, Cysb61Ser, Cys69Ser, Cys115Ser and Cys137Ser)
were confirmed by DNA sequencing. Both amino acid se-
quences of the full length HBx (1-154) and the truncated

theE. coliand the lacking of specific chaperones, present in mini-HBx(-Cys) contain a tryptophan residue that can be

eukaryotic cells, that could be involved in the correct fold-
ing and formation of disulphide bonds, might contribute to
the accumulation of the HBx protein in the inclusion body
fraction of the bacterial cells.

Another group had shown before that atruncated HBx pro-
tein, spanning amino acids 58-140 maintained its full trans-

activation function Kumar et al., 1998 In order to remove

used as an intrinsic probe in fluorescence emission experi-
ments.

3.2. Purification of the 6xHis-mini-HBx(-Cys) fusion
protein by Ni-NTA chromatography

An induced protein band of-15kDa was observed in

some cysteines and hydrophobic amino acids from the N- andSDS-PAGE Fig. 2A, lane 2) when pET28a/mini-HBXx(-Cys)

C-terminal regions of HBx a 6xHis-mini-HBx(18—142) pro-
tein was produced i&. coli. Moura and co-workers demon-

transformed BL-21 cells were induced with 1 mM IPTG. Af-
ter lysing the cells, the 6xHis-mini-HBx(-Cys) protein re-

strated in a recent study, that the mini-HBx(18-142) protein mained in the insoluble fraction. The pellet containing inclu-

retains its functional activity to bind to both the interacting

1 10 20

sion bodies was purified first in order to eliminate cell debris

30 40 50

HBx(1-154aa)
Mini-HBx(-Cys)

60 70

| + + + + -
HAARLCCOLDPARYYLCLRPYGAE RPFSGSLGTLSSPSPSAYPTDHG
RPYGARE

RPFSGSLGTLSSPSPSAYPTDHG
80 90 100

HBx(1-154aa)

Mini-HBx(-Cys) ~ AHLSLRGLP

110

AFSSAG
120

AHLSLRGLP v AFSSAGPCALRF TSFIRRI’II:ITTVNHHRNLI;'K‘-'LHKRTLGL
LRFTSARRHETTYNAHRHLPKYLHKRTLGL

130 140 150 154

HBx(1-154aa)
Mini-HBx(-Cys) ~ SAMSTTDLERYFK

§

+ + +-—=|
SANSTTDLEAYFKDCLFKOHEELGEEIRLKYFYLGGCRHKLYCAPAPCNFFTSA
FKDHEELGEETRLKYFYLGGSRHKLY
i

Fig. 1. Amino acid sequence alignment of full-length HBx(1-154) and mini-HBx(-Cys) proteins. All five remaining cysteine residues were mutated to se
residues and are indicated by boxes. An arrow indicates the tryptophan residue present in both amino acid sequences.
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(A) (B)
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SDS-PAGE : ' Protein: Nil GST HBx Mini-HBx Mini-HBx
Mini-HBx(-Cys) Anti- (-Cys)
i N P His HBx RNA probe: AU-38
= - —
-
RNA-HBx
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- y

1 2 3 -+ 5

Fig. 2. SDS-PAGE, Western blot and test of biological activity of the expression and purification of 6xHis-mini-HBx(-Cys) from inclusion bodiage(A)

1, cell lysate of transformed BL21 cells before induction; lane 2, lysate of transformed cells after 4 h IPTG inductio@;adtBeé 3, purified protein after
preparation of inclusion bodies and affinity purification using a Ni-NTA column under denaturing conditions (8 M urea); lane 4, immunoblot of miafied p
developed with an anti-His monoclonal antibody; lane 5, immunoblot of purified protein using a rabbit antiserum against 6xHis-HBx(1-154) lpgotein. T
recombinant protein has a molecular weightdf5.6 kDa and it is exclusively found in the insoluble inclusion body fraction of the bacterial cell lysate. (B)

UV cross-linking assay with the three different HBx proteins and an AU-rich 38-mer RNA oligonucleotide. After incubation on ice for 30 min, the protei
oligonucleotide complexes were exposed to the ultraviolet light (254 nm) and resolved by SDS-PAGE under denaturing conditions. The 12.5% SDS gel was
visualized by phosphorimager scan. All lanes: radioactively labeled AU-rich RNA oligonucleotide AU-38 (120 fmol per lane). Lane Nil: no pnet&igTa

GST control protein; lane HBx: 6xHis-HBx(1-154); lane Mini-HBx: 6xHis-mini-HBx(18-142); lane Mini-HBx(-Cys): 6xHis-mini-HBx(-Cys) (0.36afmol

protein per lane). The complex of HBx and RNA and the free probe are indicated on the left side of the panel.

and other impurities. After extensive washing, the inclusion
bodies were disrupted with 8 M urea for protein solubiliza-
tion. The protein was purified via Ni-affinity chromatography
under denaturing conditiongjungquist et al., 1989; Rui et
al., 2002, yielding protein at high concentratiofif. 2A,
lane 3). The identity of the protein band was confirmed by
immunoblotting with anti-HisFig. 2A, lane 4) and anti-HBx
rabbit antiserumKig. 2A, lane 5). To remove the urea, the
protein was dialyzed against 10 mM Pipes at pH 7 and fol-

6xHis-HBx(1-154) fusion protein but also the 6xHis-mini-
HBx(18-142) and 6xHis-mini-HBx(-Cys) mutant proteins
were able to bind to the RNA oligonucleotide (AU-38) and
caused its retardation in the denaturing dget)( 2B). These
results indicate that the lack of the cysteines in the 6xHis-
mini-HBx(-Cys) mutant does not alter its activity to interact
with RNA. This result is further corroborated by recent stud-
ies from our laboratory, which show that the mutant protein
mini-HBx(-Cys) like wild type HBX, retains its full capacity

lowed by another dialysis against pure water at pH 6. The to interact with the human tumor suppressor protein p53 in
concentration of the recombinant purified 6xHis-mini-HBx vitro and in vivo Moura et al., 200p
(-Cys) protein in aqueous solution was determined and the

puriﬁed protein was used in the SpECtI’OSCOpiC assays (CD,34 CD Spectra and Secondary structure ana|ysis of

fluorescence, NMR) and in the UV cross-linking assay.

3.3. The mutated protein 6xHis-mini-HBx(-Cys)
interacts with RNA

The HBx ability to bind to single-stranded DNA in vitro
was employed as described by Qadri and co-workgesi(i
etal., 1996in an assay for one potential biological activity of
HBx. The binding of HBx to single-stranded nucleic acids can
be tested by an EMSA (Electrophoretic Mobility Shift Assay)
inwhich aradioactively labeled RNA oligonucleotide 38-mer
was usedRui et al., 200 instead of the ssDNA probes de-
scribed byQadri et al. (1996)Here, a UV cross-linking assay

6xHis-mini-HBXx(-Cys) protein

The overall conformation of the 6xHis-mini-HBx(-Cys)
protein was measured by far-UV CD analydisg, 3). The
CD spectra of the protein at different temperatures are de-
picted in theFig. 3A. At4 °C the far-UV CD spectrum shows
a minimum at~200 nm and a shoulder at 225-230 nm, in-
dicative of a high content of non-ordered secondary structure.
Raising the temperature, the minimum shifts02 nm and
the shoulder acquires a different shape. The assignment of the
secondary structure elements according to the CDNN soft-
ware indicates that there is an increase infihgheet (3.3%)
and alpha helical (1.3%) contents upon raising the tempera-

instead of a conventional EMSA assay was used, since it isture, while the non-ordered secondary structure reduces from

more sensitive. It was found, that not only the full length

39.4%to 37%. After cooling down the protein t6@, the per-
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Fig. 3. Circular dichroism analysis of the 6xHis-mini-HBx(-Cys) protein. (A) Far-UV CD spectra of the purified 6xHis-mini-HBx(-Cys) protein wgpere

at pH 6. The protein concentration was |l (0.24 mg/ml) and the temperature was raised fron€40 60°C. Spectra were collected at five different
temperatures: 4C (open circles), 20C (closed circles), 30C (open triangles), 40C (closed triangles), and 8C (open squares). (B) Far-UV CD spectra
at 25°C of the purified of 6xHis-mini-HBx(-Cys) protein in pure water at pH 6 with or without TFE. The protein concentrationpddg&08 mg/ml) in

the different experimental conditions: pure water (closed circles), 0.5% TFE/water (open circles), 1% TFE/water (open triangles), and 2% (DpEfwate
diamonds). Spectra were background corrected and the observed optical activity was expressed as the mean residue molat ghipticiey dmol1).

centage of secondary structure elements of the 6xHis-mini- are indicative of a gain in alpha-helical content. The assign-
HBx(-Cys) protein at 4C according to the CDNN software  ment of the secondary structure elements by CDNN software
returned to be identical to that of the protein, which had not shows that the alpha-helical content increases from 6.7% to
been heated to 6. This shows that the conformational 8.5% upon TFE addition. Nevertheless, the extended struc-
changes observed are fully reversible and could indicate thatture (3-sheet) reduces by 4%, and the non-ordered structure
the protein 6xHis-mini-HBx(-Cys) is relatively stable to heat changes from 35.6% to 36.3% of its contribution to the sec-
denaturation. ondary structure of the 6xHis-mini-HBx(-Cys) protein.

The far-UV CD spectra of the protein 6xHis-mini-HBx
(-Cys) upon NacCl addition show that the shape of six spectra3.5. Fluorescence spectra of refolded protein
is very similar (data not shown). However, the assignment
of the secondary structure elemerifalfle ) shows that the Fluorescence emission spectra provide useful information
extended structure3¢sheet) contents have a higher contri- about the protein tertiary structure organization. The recom-
bution in the sample containing 100 MM NaCl (40.6%) than binant 6xHis-mini-HBx(-Cys) protein has one tryptophan
in the sample without NaCl (36.4%). Moreover, the alpha- residue and one tyrosine residugig. 1). Upon excitation
helical content increases 1.2% upon 100 mM NaCl addition, at 295 nm, only the tryptophan residue is excitated and the
changing from 7.8% to 9% of its contribution to the secondary fluorescence emission spectra are depictédgn4. The flu-
structure. However, there is still a great contribution of the orescence data were collected at two different temperatures.
non-ordered structure, accounting for 32.9% ofthe secondary ~ At 25°C (Fig. 4A), the protein exhibits a maximum cen-
structure in the protein sample containing 100mM NaCl.  tered at 342nm in agueous solution, but after the addition

On the other hand, the shape of CD spectra changedof 100 mM NaCl the maximum is shifted to 336 nm, indi-
slightly upon TFE additionKig. 3B). The ellipticity values cating that there is less exposition of the tryptophan residue
at 200 nm~8.000" cm? dmol~? for 6xHis-mini-HBx (-Cys) to the solvent. Raising the temperature to’@7(Fig. 4B),
in pure water and-13.000 cnm? dmol~1 in 0.5% TFE/water, the maximum of the intrinsic fluorescence emission does not

Table 1
Assessment of the relative secondary structural elements of the 6xHis-mini-HBx(-Cys) protein upon increasing NaCl addition as calculateghéoma CD s
(see Section for details)

Addition to water at pH 6 a-Helix (%) B-Sheet (%) B-Turn (%) Random coil (%)
None 7.8 36.4 23.6 355

10mM NacCl 8 37.7 22.8 35.2

25mM NacCl 8.1 37.8 223 35

50 mM NaCl 8.4 35.6 233 35.5

75mM NaCl 8.2 37.1 22.6 35.4

100 mM NaCl 9 40.6 215 32.9
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Fig. 4. Fluorescence emission spectra of purified 6xHis-mini-HBx(-Cys) protein°&@ 2&) and 37°C (B). The protein concentration wag.®1 (0.03 mg/ml)
in the following different experimental conditions: pure water (closed circles), 100 mM NaCl (closed triangles), 6 M Gdn-HCI (open circles)navid 100
NaCl +6 M Gdn-HCI (open triangles). The excitation wavelength was 295 nm and spectra were background corrected.

change (343 nm in pure water), but in the 200 mM NacCl so- that showed an increasing structural gain upon NaCl addition
lution there is again a ‘blue shift’ to 338 nm of the trypto- (Table ).

phan fluorescence emission due to its localization within the

protein ‘hydrophobic core’. Besides, under denaturing con- 3.6. NMR analysis

ditions (6 M Gdn-HCI), the maximum of fluorescence emis-

sion is shifted to 348 nm (pure water) or 349 nm (100 mM The one-dimensionaH NMR spectrumFig. 5) indicates
NacCl), indicating that the tryptophan residue is now more that the recombinant 6xHis-mini-HBx(-Cys) protein is only
exposed to the solvent as a free tryptophan in aqueous sojpartially structured in agueous solution at pH 6. The absence
lution. These data are in agreement with the CD spectra of proton signals under 0 ppm, as well as signal dispersion be-

I ! I ! I ! [ ! I ! I ! I ! I ! I ! I ! I
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm

Fig. 5. One-dimensionaH NMR spectrum of 6xHis-mini-HBx(-Cys) protein. The NMR sample containd®0uwM protein in 95% H0/5% D,0 at pH 6.
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tween 7.0 ppm and 8.5 ppm are indicative of an unstructuredtion program. In both cases, there was an alpha-helical gain
polypeptide. This result is in agreement with previous spec- in the secondary structure elements of the 6xHis-mini-HBx
troscopic assays, including far-Uv CBif. 3, Table 1 and (-Cys) protein, with a reduction of the non-ordered structure.
fluorescence emission spectfag. 4). Interestingly, thereis  In addition to that, the intrinsic emission fluorescence spec-
a proton signal duplicated around 10 ppm that is assigned totra showed that upon NaCl addition there was less exposition
the indolic NH which belongs to the tryptophan residue, lead- of the tryptophan residue to the solvent, suggesting that the
ing us to speculate that there may be two different kinds of 6xHis-mini-HBx(-Cys) protein can change its overall con-
protein structure populations. However, it was not possible to formation under specific experimental conditions.
assign the chemical shifts for the 6xHis-mini-HBx(-Cys) pro- In agreement with our finding that HBx changes its struc-
tein in a two-dimensionalH-TOCSY experiment (data not  tural features under specific experimental conditions, it has
shown) due to a too crowded fingerprint region (NidjH been shown previously that several proteins involved in reg-
In short, the NMR data confirmed that the 6xHis-mini-HBx ulatory functions are completely or partly unstructured in
(-Cys) protein is rather unstructured in aqueous solution at solution, and they become structured only upon binding to
pH 6. their target moleculelyson and Wright, 2002For instance,

the binding of the zinc finger domain of the nuclear receptor

RXR to DNAresultsin an induced folding of the dimerization
4. Discussion region, which is dynamically disordered in the free protein

(Holmbeck et al., 1998 Moreover, upon binding to the cel-

Hepatitis B virus infection is one of the major causes of lular oncoprotein MDM2, the transactivation domain of p53
hepatocellular carcinoma and the X protein has been sus-tumor suppressor protein undergoes a coil-to-helix folding
pected to be one of the oncogenic viral proteins of HBV transition Kussie et al., 1996 In short, the intrinsic lack of
(Anthony, 2001; Murakami, 2001 Several studies have structure may confer to HBx functional complexity, includ-
demonstrated that HBx is a ‘promiscuous’ multifunctional ing the ability to bind to several different targets in different
viral regulator that affects viral replication and viral prolif- conformations, and the fine control over binding affinity.
eration, directly or indirectlyHildt et al., 199§. HBx pro- Not surprisingly, the HBx protein does not contain any
tein is further known to modulate transcription and interferes significant structural motifs nor sequence homologies with
with diverse signaling pathways, thereby contributing either other known transactivating factors, which could indicate a
to carcinogenesis or causing apopto¥ert(, 1996; Chirillo et possible mechanism of transcriptional activation mediated by
al., 1997; Madden and Slagle, 200This modulation seems  HBX. Besides, it has been shown that HBx stimulates the tran-
to occur mainly through protein-protein interactions because scriptional machinery in the nucleus through protein-protein
HBx does not possess any classical nucleic acid bindinginteractions with several transcription factors, and interacts
domains. Previous studies however demonstrated, that HBxwith cellular components of signal transduction pathways in
binds to single stranded DNA and RNA in a specific fashion, the cytoplasmNlurakami, 199%. Given this highly “promis-
although it cannot bind to double stranded DNBa(dri et cuous” behavior, it is tempting to speculate that the intrin-
al., 1996; Rui et al., 2001 The exact function and structural sically unstructured HBx protein may become folded upon
features of HBx remain unclear. binding to its target molecules.

A truncated mini-HBx(18-142) protein that had its cys- It is known that HBx protein is essential in the early
teines mutated to serine residues was generated and exstages of the HBV infection, as well as for the establishment
pressed, utilizing a site directed mutagenesis methodology.of the viral infection in vivo, and its continuous expression
The 6xHis-mini-HBx(-Cys) protein was highly expressed in might be responsible for the cellular transformation leading
theE. coliinsoluble fraction, and after its purification under to cirrhosis and HCC developmerrputhnot et al., 2000;
denaturing conditions, was refolded by sequential dialysis Murakami, 200). Besides, it is very difficult to detect HBx
and used in spectroscopic assays. It was shown that the 6xHisprotein in the HBV infected liver due to very low amounts
mini-HBXx(-Cys) protein was able to interact with an AU-rich  of the protein in the hepatocytedipan et al., 199/ As in
RNA oligonucleotide Fig. 2B) and with the human tumor  the case for many signaling and transcriptional processes, the
suppressor protein p58lpura et al., 200p confirming that low cellular concentration of a regulatory protein and its tar-
the 6xHis-mini-HBXx(-Cys) protein like the wild-type protein  get might affect their efficient binding if the protein has a re-
possesses biological activity after its renaturation upon re- stricted conformational flexibility. On the other hand, despite
folding. its low concentration in the cell, the unfolded polypeptide

CD spectroscopic experiments showed that the 6xHis- can bind weakly to its target molecule, and could in a sec-
mini-HBXx(-Cys) protein is rather unstructured in agueous so- ond step fold as it “reels” onto its target, according to the “fly
lution but has a propensity to gain secondary structure uponcasting” mechanism proposed by Shoemaker and co-workers
NaCl or TFE addition. 6xHis-mini-HBx(-Cys) protein main-  (Shoemaker et al., 20D0In this context, the inherent flex-
tained its secondary structure up to“&d) but upon NacCl ibility of the HBx protein could allow changes in the local
or TFE addition there were structural changes in the CD and global structure in response to different molecular tar-
spectra that could be followed using the CDNN deconvolu- gets, and might explain the interaction of HBx with multiple
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cellular partners. The coupled folding and binding processesBenn, J., Schneider, R.J., 1995. Hepatitis B virus HBx protein deregu-

might play an important role in the function of many proteins,
as well as in the transactivating activity mediated by HBx
onco-protein.

In summary, our circular dichroism and fluorescence ex-

lates cell cycle checkpoint controls. Proc. Natl. Acad. Sci. U.S.A. 92,
11215-11219.

Butel, J.S., Lee, T-H., Slagle, B.L., 1996. Is the DNA repair system

involved in hepatitis-B-virus-mediated hepatocellular carcinogenesis?
Trends Microbiol. 4, 119-124.

periments showed that the 6xHis-mini-HBx(-Cys) protein is Capovilla, A., Carmona, S., Arbuthnot, P., 1997. Hepatitis B virus X-

rather unstructured in aqueous solution. Its thermal stability

might be related to its conformational flexibility, which could
be an important key to understand the HBx protein. More-
over, its adaptability might allow HBXx to interact with such

protein binds damaged DNA and sensitizes liver cells to ultraviolet
irradiation. Biochem. Biophys. Res. Commun. 232, 255-260.

Caselmann, W.H., 1996. Transctivation of cellular genes by hepatitis B

virus proteins: a possible mechanism of hepatocarcinogenesis. Adv.
Virus Res. 47, 253-302.

an enormously wide array of cellular proteins and thereby in- Chen, H.S., Kaneko, R., Girones, R.W., Anderson, W.E., Hornbuckle,

terfere simultaneously in diverse cellular processes ranging

from transcriptional regulation, apoptosis and DNA repair to
signaling mechanisms in general.

Acknowledgements

We thank Dr. R.J. Schneider (NYU, New York) for the
HBx gene containing vector pPCMV-Ad. This work is sup-
ported by the Fund@o de Amparca Pesquisa do Estado
Sao Paulo (FAPESP, Grant 98/05891-9 to J.K.; fellowships
01/00554-9 to P.R.M., 01/6552-8 to E.R. and 03/12272-3
to K.A.G.; the SMOLBNet and CEPID projects), the Lab-
orabrio Nacional de Luz ®icrotron (LNLS) and the Con-
selho Nacional de Desenvolvimento Ciiab e Tecnabgico
(CNPq). We are grateful to Drs. Thelma A. Pertinhez and
Alberto Spisni as well as to Aline L. Oliveira and Rita C.R.
Figueireido from the NMR group at the LNLS for help with
NMR data collection and interpretation. We also like to thank
Dr. Carlos H.l. Ramos and Luciana R. Camillo at the LNLS
for support with DNA sequencing, and Maria Eugenia R.
Camargo for technical assistance.

References

Anthony, P.P., 2001. Hepatocellular carcinoma: an overview. Histopathol-
ogy 39, 109-118.

Arbuthnot, P., Capovilla, A., Kew, M., 2000. Putative role of hepatitis B
virus X protein in hepatocarcinogenesis: effects on apoptosis, DNA
repair, mitogen-activated protein kinase and JAK/STAT pathways. J.
Gastroenterol. Hepatol. 15, 357-368.

Arbuthnot, P., Kew, M., 2001. Hepatitis B virus and hepatocellular car-
cinoma. Int. J. Exp. Pathol. 82, 77-100.

Avantaggiati, M.L., Natoli, G., Balsano, C., Chirillo, P., Artini, M., De
Marzio, E., Collepardo, D., Levrero, M., 1993. The hepatitis B virus
(HBV) pX transactivates the-fos promoter through multiple cis-
acting elements. Oncogene 8, 1567-1574.

Balsano, C., Avantaggiati, M.L., Natoli, G., De Marzio, E., Will, H.,
Perricaudet, M., Levrero, M., 1991. Full-length and truncated versions
of the hepatitis B virus (HBV) X protein (pX) transactivate the cmyc
protooncogene at the transcriptional level. Biochem. Biophys. Res.
Commun. 176, 985-992.

Becker, S.A,, Lee, T.H., Butel, J.S., Slagle, B.L., 1998. Hepatitis B virus
X protein interferes with cellular DNA repair. J. Virol. 72, 266-272.

B.C., Tennant, P.J., Cote, J.L., Gerin, R.H., Purcell, R.H., Miller,
R.H., 1993. The woodchuck hepatitis virus X gene is important for
establishment of virus infection in woodchucks. J. Virol. 67, 1218—
1226.

Chirillo, P., Pagano, S., Natoli, G., Puri, P.L., Burgio, V.L., Balsano, C.,
Levrero, M., 1997. The hepatitis B virus X gene induces p53-mediated
programmed cell death. Proc. Natl. Acad. Sci. U.S.A. 94, 8162-8167.

Dyson, H.J., Wright, P.E., 2002. Coupling of folding and binding for
unstructured proteins. Curr. Opin. Struct. Biol. 12, 54—60.

Elmore, L.W., Hancock, A.R., Chang, S.F., Wang, X.W., Chang, S., Calla-
han, C.P., Geller, D.A., Will, H., Harris, C.C., 1997. Hepatitis B virus
X protein and p53 tumor suppressor interactions in the modulation of
apoptosis. Proc. Natl. Acad. Sci. U.S.A. 94, 14707-14712.

Feitelson, M.A., Zhu, M., Duan, L.X., London, W.T., 1993. Hepatitis
B x antigen and p53 are associated in vitro and in liver tissues
from patients with primary hepatocellular carcinoma. Oncogene 8,
1109-1117.

Groisman, 1.J., Koshy, R., Henkler, F., Groopman, J.D., Alaoui-Jamali,
M.A., 1999. Downregulation of DNA excision repair by the hepatitis
B virus-x protein occurs in p53-proficient and p53-deficient cells.
Carcinogenesis 20, 479-483.

Henkler, F., Hoare, J., Waseem, N., Goldin, R.D., McGarvey, M.J., Koshy,
R., King, I.A., 2001. Intracellular localization of the hepatitis B virus
HBx protein. J. Gen. Virol. 82, 871-882.

Hildt, E., Hofschneider, P.H., Urban, S., 1996. The role of hepatitis B
virus (HBV) in the development of hepatocellular carcinoma. Semin.
Virol. 7, 333-347.

Holmbeck, S.M., Dyson, H.J., Wright, P.E., 1998. DNA-induced confor-
mational changes are the basis for cooperative dimerization by the
DNA binding domain of the retinoid X receptor. J. Mol. Biol. 284,
533-539.

Hu, Y.K., Eisses, J.F., Kaplan, J.H., 2000. Expression of an active Na K-
ATPase with an alphasubunit lacking all twenty-three native cysteine
residues. J. Biol. Chem. 275, 30734-30739.

Jameel, S., Siddiqui, A., Maguire, H.F., Rao, K.V., 1990. Hepatitis B virus
X protein produced irEscherichia coliis biologically functional. J.
Virol. 64, 3963-3966.

Kidd-Ljunggren, K., Oberg, M., Kidd, A.H., 1995. The hepatitis B virus
X gene: analysis of functional domain variation and gene phylogeny
using multiple sequences. J. Gen. Virol. 76, 2119-2130.

Kim, C.M., Koike, K., Saito, |., Miyamura, T., Jay, G., 1991. HBx gene
of hepatitis B virus induces liver cancer in transgenic mice. Nature
351, 317-320.

Kim, H., Lee, H., Yun, Y., 1998. X-gene product of hepatitis B virus
induces apoptosis in liver cells. J. Biol. Chem. 273, 381-385.

Koike, K., 2002. Hepatocarcinogenesis in hepatitis viral infection: lessons
from transgenic mouse studies. J. Gastroenterol. 37, 55-64.

Kong, H.J., Hong, S.H., Lee, M.Y., Kim, H.D., Lee, J.W., Cheong, J.H.,
2000. Direct binding of hepatitis Birus X protein and retinoic X re-
ceptor contributes to phosphoenol-pyrovate carboxykinase gene trans-
activation. FEBS Lett. 483, 114-118.

Benn, J., Schneider, R.J., 1994. Hepatitis B virus HBx protein activates Kumar, V., Jayasuryan, N., Kumar, R., 1996. A truncated mutant (residues

Ras—GTP complex formation and establishes a Ras, Raf MAP kinase

signaling cascade. Proc. Natl. Acad. Sci. U.S.A. 91, 10350-10354.

58-140) of the hepatitis B virus X protein retains transactivation func-
tion. Proc. Natl. Acad. Sci. U.S.A. 93, 5647-5652.

59



74

Kussie, P.H., Gorina, S., Marechal, V., Elenbaas, B., Moreau, J., Levine,

A.J., Pavletich, N.P., 1996. Structure of the MDM2 oncoprotein bound

to the p53 tumor suppressor transactivation domain. Science 274,

948-953.

Lee, Y.H., Yun, Y., 1998. HBx protein of hepatitis B virus activates Jak1-
STAT signaling. J. Biol. Chem. 273, 25510-25515.

Ljungquist, C., Breitholtz, A., Brink-Nilsson, H., Moks, T., Uhlen, M.,
Nilsson, B., 1989. Immobilization and affinity purification of recom-
binant proteins using histidine peptide fusions. Eur. J. Biochem. 186,
563-569.

Lo, S.J., Chien, M.L., Lee, Y.H., 1988. Characteristics of the X gene of
hepatitis B virus. Virology 167, 289-292.

Madden, C.R., Slagle, B.L., 2001. Stimulation of cellular proliferation by
hepatitis B virus X protein. Dis. Markers 17, 153-157.

Maguire, H.F., Hoeffler, J.P., Siddiqui, A., 1991. HBV X protein alters
the DNA binding specificity of CREB and ATF-2 by protein-protein
interactions. Science 252, 842-844.

Marczinovits, I., Somogyi, C., Patthy, A., Nemeth, P., Molnar, J., 1997.
An alternative purification protocol for producing hepatitis B virus X
antigen on a preparative scale Escherichia coli J. Biotechnol. 56,
81-88.

Moura, P.R., Rui, E., Gomves, K.A., Kobarg, J., 2005. The cysteine
residues of the hepatitis B virus onco-protein HBx are not required
for its interaction with RNA or with human. Virus Res. 108, 121-131.

Murakami, S., 1999. Hepatitis B virus X protein: structure, function and
biology. Intervirology 42, 81-99.

Murakami, S., 2001. Hepatitis B virus X protein: a multifunctional viral
regulator. J. Gastroenterol. 36, 651-660.

Qadri, 1., Maguire, H.F., Siddiqui, A., 1995. Hepatitis B virus transacti-
vator protein X interacts with the TATA-binding protein. Proc. Natl.
Acad. Sci. U.S.A. 92, 1003-1007.

Qadri, |., Ferrari, M.E., Siddiqui, A., 1996. The hepatitis B virus trans-
activator protein, HBX, interacts with single-stranded DNA (ssDNA).
Biochemical characterizations of the HBx-ssDNA interactions. J. Biol.
Chem. 271, 15443-15450.

E. Rui et al. / Journal of Virological Methods 126 (2005) 65—74

virus X protein is conserved among mammalian hepadnaviruses and
restricted to transactivation-proficient X-insertion mutants. J. Virol.
71, 6194-6199.

Truant, R., Antunovic, J., Greenblatt, J., Prives, C., Cromlish, J.A., 1995.
Direct interaction of the hepatitis B virus HBx protein with p53 leads
to inhibition by HBx of p53 response element-directed transactivation.
J. Virol. 69, 1851-1859.

Twu, J.S., Chu, K., Robinson, W.S., 1989. Hepatitis B virus X gene
activates kappa B-like enhancer sequences in the long terminal repeat
of human immunodeficiency virus 1. Proc. Natl. Acad. Sci. U.S.A.
86, 5168-5172.

Twu, J.S., Wu, J.Y., Robinson, W.S., 1990. Transcriptional activation of
the human immunodeficiency virus type 1 long terminal repeat by
hepatitis B virus X-protein requires de novo protein synthesis. Virol-
ogy 177, 406-410.

Twu, J.S., Lai, M.Y., Chen, D.S., Robinson, W.S., 1993. Activation of
protooncogene-jun by the X protein of hepatitis B virus. Virology
192, 346-350.

Urban, S., Hildt, E., Eckerskorn, C., Sirma, H., Kekule, A., Hofschneider,
P.H., 1997. Isolation and molecular characterization of hepatitis B
virus X-protein from a baculovirus expression system. Hepatology
26, 1045-1053.

Wang, X.W., Forrester, K., Yeh, H., Feitelson, M.A., Gu, J.R., Harris,
C.C., 1994. Hepatitis B virus X protein inhibits p53 sequence spe-
cific DNA binding, transcriptional activity, and association with tran-
scription factor ERCC3. Proc. Natl. Acad. Sci. U.S.A. 91, 2230
2234,

Wang, X.W., Gibson, M.K., Vermeulen, W., Yeh, H., Forrester, K.,
Sturzbecher, H.W., Hoeijmakers, J.H., Harris, C.C., 1995. Abrogation
of p53-induced apoptosis by the hepatitis B virus X gene. Cancer
Res. 55, 6012-6016.

Wang, H.D., Trivedi, A., Johnson, D.L., 1997. Hepatitis B virus X pro-
tein induces RNA polymerase lll-dependent gene transcription and
increases cellular TATA-binding protein by activating the Ras signal-
ing pathway. Mol. Cell Biol. 17, 6838—6846.

Rui, E., Moura, P.R., Kobarg, J., 2001. Expression of deletion mutants Waris, G., Siddiqui, A., 2003. Regulatory mechanisms of viral hepatitis

of the hepatitis B virus protein HBXx ifE. coli and characterization
of their RNA binding activities. Virus Res. 74, 59-73.

Seeger, V., Mason, W.S., 2000. Hepatitis B virus biology. Microbiol. Mol.
Biol. Rev. 64, 51-68.

B and C. J. Biosci. 28, 311-321.

Williams, J.S., Andrisani, O.M., 1995. The hepatitis B virus X protein
targets the basic region-leucine zipper domain of CREB. Proc. Natl.
Acad. Sci. U.S.A. 92, 3819-3823.

Shoemaker, B.A., Portman, J.J., Wolynes, P.G., 2000. Speeding molecularYen, T.S.B., 1996. Regulation of hepatitis B virus gene expression. Semin.

recognition by using the folding funnel: the fly-casting mechanism.
Proc. Natl. Acad. Sci. U.S.A. 97, 8868-8873.

Sitterlin, D., Lee, T.H., Prigent, S., Tiollais, P., Butel, J., Transy, C., 1997.
Interaction of the UV-Damaged DNA-binding protein with hepatitis B

Virol. 4, 33-42.

Zoulim, F., Saputelli, J., Seeger, C., 1994. Woodchuck hepatitis B virus
X gene is important for viral infection in vivo. J. Virol. 68, 2026—
2030.

60



Artigo IV

Interaction of the hepatitis B virus protein HBx with the human
transcription regulatory protein p120E4F in vitro

Edmilson Rui, Patricia Ribeiro de Moura, Kaliandra de Almeida
Goncalves, Robert J. Rooney e Jorg Kobarg

Virus Research (2005) (in press)

61



3

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

DTD 5

Available online at www.sciencedirect.com

SCIENCECJ-/DlﬁECT° Virus
Research

www.elsevier.com/locate/virusres

. -
ELSEVIER Virus Research xxx (2005) XXX—XXX

Interaction of the hepatitis B virus protein HBx with the human
transcription regulatory protein p120E4F in vitro

Edmilson Ruf?, Paticia R. Mour&P, Kaliandra A. Gonalves?,
Robert J. Roone¥; Jorg Kobarg*P-¢*

2 Centro de Biologia Molecular Estrutural, Labor@io Nacional de Luz @Bicrotron, Rua Giuseppe &imo
Scolfaro 10.000, C.P. 6192, 13084-971 Campinas, SP, Brazil
b Departamento de Bioguiica, Universidade Estadual de Campinas, Campinas, SP, Brazil
¢ Departamento de Getica e Evolgédo, Universidade Estadual de Campinas, Campinas, SP, Brazil
d Department of Molecular Genetics and Microbiology, Duke University Medical Center, Durham, NC 27710, USA

Received 5 May 2005; received in revised form 8 July 2005; accepted 11 July 2005

Abstract

Infection with the hepatitis B virus has been identified as one of the major causes of liver cancer. A large body of experimental work points
to a central role for the virally encoded protein HBXx in this form of carcinogensis. HBx is expressed in HBV-infected liver cells and interacts
with a wide range of cellular proteins, thereby interfering in cellular processes including cell signaling, cycle regulation and apoptosis. In orde
to identify possible new targets of the HBx protein, we performed a yeast two-hybrid screen using a truncated protein mini-HBx(18-142) as
the bait. In addition to known interacting partners, such as RXR and UVDDB1, we identified several new candidates including the human
transcriptional regulatory protein p120E4F, which has been implicated in the regulation of mitosis and the cell cycle. In vitro pull down
experiments confirmed the interaction and transcription activation assays in the yeast demonstrated that HBx protein was able to repress
GAL4AD-p120E4F-dependent activation of a reporter gene under the control of E4F binding sites found in the adenovirus E4 promoter and
the HBV enhancer Il region. We also showed that the cysteine residues in HBx are necessary for its interaction with UVDDB1 but not for
the interaction with RXR or p120E4F. The possible functional relevance of the interaction between HBx and E4F proteins is discussed in the
contexts of cellular transformation and host-virus co-evolution.
© 2005 Published by Elsevier B.V.

1. Introduction to develop liver cance(im et al., 1991; Yu et al., 1999 =
Other studies with HBx transgenic mice on the other hand

Viral hepatitis is an important global public health prob- have not confirmed an elevated risk for liver cantegetal.,
lem, particularly in developing countries. According to the 1990; Reifenberg et al., 1998uggesting that the manifesta-x
World Health Organization (WHO), approximately two bil- tion of the disease could depend on the locus of genomic in-
lion people worldwide have had contact with the hepatitis sertion, the configuration of the HBx gene construction usegl
B virus (HBV) and of those approximately 325 million are in the different studies or other yet uncharacterized factors.
chronically infected. About 50% of chronically infected HBV  Not withstanding the unresolved question of the role of HBxs
patients develop liver cirrhosis or hepatocellular carcinoma, in oncogenesis, the majority of studies on HBx function sugs
and some experimental evidence points to the viral protein gest that its pleiotropic functions and capacity to contribute
HBx as a causative agent for the cellular transformation, sinceto tumor growth are due to its ability to interact with a di-s
some strains of HBx transgenic mice have a strong tendencyverse array of biological macromolecules including single
stranded DNA Qadri et al., 1996a RNA (Rui et al., 200} s

* Corresponding author. Tel.: +55 19 3512 1125; fax: +55 19 3512 1006. @nd a broad assortment of cellular proteins. The latter include
E-mail addressjkobarg@Inls.br (J. Kobarg). the transcription factors RXmRKfng etal., 200D TBP (Wang =

0168-1702/$ — see front matter © 2005 Published by Elsevier B.V.
doi:10.1016/j.virusres.2005.07.003
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et al., 1998, RPB5 Cheong et al., 1995TFIIB (Haviv et the expression of @-galactosidase gene under the control afs
al., 1999, C/EBR3 (Choi et al., 1998 ATF-2 (Schneider the E4 adenovirus promoter and that HBXx inhibits this actir
and Schepartz, 200and CREB Barnabas and Andrisani, vation to a significant degree. Furthermore, using the same

2000, the DNA repair proteins UVDDB1Hontron et al., assay system, we also found that E4F can bind to a DNA
2002, ERCC2 Qadri et al., 1996pand ERCC3\\Vang et sequence found in the enhancer region Il of the genome:af
al., 1994, the tumor suppressor protein pS3hung et al., HBV. Finally, we mapped the protein regions responsible for
2003 and several other proteins of diverse functions includ- the interaction between E4F and HBx. The possible fungs
ing HSP60 Tanaka et al., 20Q4and HIF-Ix (Moon et al., tional implications of this new HBx protein interaction withus
2004). Other studies showed that HBx interacts strongly with E4F in the context of viral infection and hepatocellular cat
the bZIP elements present in some of the transcription factorscinogenesis are discussed. 118

mentioned above (C/EBF ATF-2 and CREB), all of which
have important functions in hepatocyte physiology.

In utilizing yeast two-hybrid experiments to discover new 2. Results 119
interacting partners of HBX, we identified the pl20E4F
transcription factor. p120E4F and its mouse orthologue 2.1. Yeast two-hybrid screen to identify HBx interacting 12
phiAP3 are members of the GLI-Kruppel family of proteins, proteins 121
which are characterized by conserved zinc finger and linker
(HTGEKPY/FXC) motifs Fognani, 1993; Fernandes and We screened a human fetal brain cDNA library to iden::
Rooney, 199Y, and the genes encoding these proteins (E4F1) tify new HBx-interacting proteins and thereby get new inws
are expressed at low levels in a wide variety of human and sights in its putative cellular functions. We used a truncated
murine tissuesRooney et al., 1999aPrevious analyses of HBXx protein as a “bait”, which spans the amino acid residues
the E4F protein showed that it exists in two cellular forms, the 18-142 and appears to be fully functional in all biologirs
predominant full length 120 kDa protein (p120E4F) and aless cal assays thus far, as shown by us and othRts ét al., 1
abundant 50 kDa N-terminal proteolytic fragment (p50E4F) 2005; Moura et al., 2005; Kumar et al., 1998his truncated 12
(Fernandes and Rooney, 1997; Raychaudhuri et al., 1987 form eliminates the first 17 and last 12 amino acids of HBxz
1989. Both forms contain a zinc finger region that is re- which are rather hydrophobic and contain non-conserved Gys
sponsible for binding to the major regulatory element [AT- residues, to improve its solubility and to reduce artifactuat
GACGTAAC] inthe adenovirus E4 promotdférnandes and  effects in the interaction screening. The mini-HBXx bait cons:
Rooney, 1997; Rooney et al., 199&nd both are regulated  struct did not show auto-activation in the yeast two-hybrids
by the adenovirus E1A oncoprotein. However, the two forms system (not shown) and was therefore deemed suitable for
are functionally dissimilar: p120E4F is a repressor of the E4 the library screen. Our screen identified seven different pros
promoter and is down-regulated by E1A whereas p50E4F teins that interacted with mini-HBx(18-142)gble ). Two 13
stimulates the E4 promotor in an E1A-dependent manner of these were RXR and DDBP1, which had been previously
(Fernandes and Rooney, 1997; Raychaudhuri et al., 1987 described as cellular HBx interacting protein partn&&lg s
1989; Fernandes and Rooney, 19%®egulation of the DNA et al., 2000; Bontron et al., 20P2and thus confirmed that iz
binding activity of both proteins may involve E1A-stimulated mini-HBx(18-142) functions appropriately as a bait in this.o
phosphorylationfernandes and Rooney, 1997; Rooney etal., assay. Among the other mini-HBXx interacting proteins wete
1998h. several proteins involved in tumorigenesis or transcriptiaa

These and other recent studies have implicated p120E4F inregulation Table J) including the human transcription factoras
the control of the cell cycleHajas et al., 2001; Rooney, 2001; p120E4F, which had been implicated in cell cycle controks
Rizos et al., 2008and p50E4F in the regulation of apoptosis Although, we used a fetal human brain cDNA library in thes
(Fernandes et al., 1999). Despite of this, the exact function of screen, the observed interaction of HBx with p120E4F could
the E4F proteins remains to be elucidated. One impedimentbe biologically significant, since p120E4F is ubiquitously ex=-
has been that the E4F1 gene appears to be absolutely essepressed and found in human and murine lNRogney et al., 1.
tial for embryonic development and cell division, as E4F1- 19983. 149
deficient mouse embryos die at pre-implantation stages and
E4F1-null blastocysts show an increased incidence of apop-2.2. RXR interacts with a cysteine free mini-HBx protein iso
tosis and problems with the progression of mitosis and chro- whereas UVDDB1 does not 151
mosomal segregatior,¢ Cam et al., 2004 Interesting, a
number of GLI-Kruppel family members have been func- Prior to studying the interaction of HBx with p120E4F;s:
tionally implicated in embryonic development and neoplasia we wanted to determine if HBx interaction is distinguishables
(Ruppert et al., 1988 among its partners. In previously studies, we had generated

Here, we show that HBx can physically interact with the a cysteine free mini-HBx(18-142) protein, which we namesg
E4F proteins in vivo and in vitro. In a yeast-based transcrip- mini-HBx(-Cys) (Rui et al., 2005; Moura et al., 20P&vhere  1ss
tional activation assay, we found that a fusion protein contain- all cysteines had been either deleted or substituted to serines.
ing E4F linked to the GAL4 activation domain can activate We had demonstrated thatthe CD spectrum of the mini-HBxés
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Table 1

Human proteins that were identified to interact with mini-HBx(18—142) in the yeast two-hybrid system

Interacting Number of Interaction Coded protein residues Complete name—possible function/s Citations

protein clones previous known  (retrieved/complete sequence)

E4F1 3 No 176-784/784 Transcription factor E4F1. Involved in the controRdoney et al. (2001)
the cell cycle.

RXR 3 Yes 137-533/533 Retinoid X Receptor. Nuclear receptor. Participat&lsuja et al. (2003)
in signaling pathways.

DDBP1 2 Yes 1-1158/1158 DNA Damage-Binding Protein 1. DNA repair andstohr et al. (1998)
nucleotide excision.

MKRN1 1 No 64-482/482 Makorin ring finger protein-1. Development of theGray et al. (2000)
central nervous system.

SHFM3 1 No 465-1244/1244 Split Hand/Foot Malformation-3. Associated to thdollerat et al. (2003)
formation of feet and hands.

mtb1 1 No 446-534/534 Similar to “lethal malignant brain tumor I” of Koga et al. (1999)
Drosophila melanogasteSuppressor of brain
tumors.

pval 1 No 96-200/200 Similar to Pv-Alu Blasmodium vivaxExpressed Dhar et al. (1998)

in the erythrocytic of the parasite

Cys) protein did not differ from that of mini-HBx or wt-HBx  between amino acids 173-262 and 428-784 are importagt
and that it interacts with both RNA and human p53 in vitro for the interaction with HBx. For example, a small fragmente
similarly to wt-HBx or mini-HBx (Moura et al., 200b These containing the N-terminal cluster of three zinc-finger motifs-
results suggested that the cysteine residues of HBx are notE4F(173-262) interacts almost as strongly with HBx as does
required for the described functions. Here, we wanted to testwt p120E4F, as was also true for the fragment E4F(428-784)
whether the proteins RXR or UVDDB1 can interact not only containing all six of the zinc-finger motifs in the C-terminao
with mini-HBx but also with wt-HBx and mini-HBx(-Cys)  end. No activity was observed with either the empty veeén
(Fig. 1A). tor pGAD424 (encoding only the Gal4 activation domain) os.
We used the yeast two-hybrid assay to test direct with an unrelated protein (Gal4-AD-Fezl constru@i(pili 20
one-on-one interactions of the above mentioned protein etal., 2003, indicating that the interaction of E4F sequences:

constructs. RXR interacted with wt-HBX, even stronger with with HBx was specific. 205
mini-HBx(18-142) and still showed a significant interaction

with mini-HBx(-Cys) (Fig. 1B). This suggests that the 2.4. Confirmation and mapping of the interaction 206
cysteine residues in HBx are again not important for this between HBx and E4F in vitro 207

interaction. UVDDBL1 on the other hand showed a different

interaction pattern. Although it strongly interacted with We confirmed the interaction of HBx and p1l20E4F by
wt-HBY, it showed a slight decrease in the interaction with using purified recombinant proteins in an in vitro “pulkos
mini-HBx and a complete abrogation of the interaction with down” assay. Various fragments of p120E4#g( 3A) were 210
mini-HBXx(-Cys). This is the first demonstration that the expressed as GST fusion proteins, coupled to glutathione
cysteine residues in HBx are essential for an interaction sepharose beads and incubated with 6xHis-HBx. After the
(Fig. 1C) and indicates that HBx interacts with various beads were pelleted and washed, Western blot analysis

proteins through different amino acid residues. showed that HBx was pulled down with the following E4Fus

protein fragments: GST-E4F(1-262), GST-E4F(173—-262);
2.3. Mapping the wt-HBx binding site on the E4F GST-E4F(263-784) and GST-E4F(428-788ig( 3B). For 26
transcription factor using the yeast two-hybrid system the most part, these results confirmed that amino acids in gi-

ther the second or third zinc finger clusters participated in

Full length p120E4F (784 amino acids) contains a number the HBx interaction. Further localizing the site of interaczs

of different functional domains including three zinc finger do- tion in the third zinc finger cluster, the E4F fragment GST
mains, containing one, three and six putative zinc finger mo- E4F(263-486) that contained only the first two zinc finges
tifs, respectively, a proline-rich region and a helix-turn-helix motifs did not interact with HBXx, indicating that amino acids..
domain Fig. 2A). The intervening regions between these do- in the latter four zinc finger motifs were important. The obxs
mains are of unknown function and structure. Therefore, we served interaction of HBx with the aforementioned GST-E4+-
generated a series of truncation mutants of p120E4F that areusion proteins appeared specific since we did not obsepwe
fused to the Gal4 activation domain in the yeast two-hybrid any interaction of HBx with the control protein GST. Thezs
expression vector pPGAD424 to determine which domains are one anomaly of these results is that a fusion protein cos~
required for the interaction with HBY¥{g. 2B). All constructs taining the entire second cluster and the first two zinc fifs
containing either the second or third cluster of zinc-finger mo- ger motifs in the third cluster [GST-E4F(173—-486)] did noke
tifs showed strong activity, suggesting thatthe regions locatedinteract with HBx. However, because the smaller intrinsig
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>
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(©) HBx HBx(-Cys)

Fig. 1. HBx with and without cysteines interacts with RXR, but HBx without cysteines does not interact with UV-DDB1 protein. (A) Schematic presentati
of the three tested protein forms of HBx used in this study: wt-HBx containing 10 cysteine residues, mini-HBXx lacking residues 1-17 and 143-érg$yand th
also lacking five cysteine residues, and finally, mini-HBx(-Cys), which lacks all 10 cysteine residues. (B) Interaction of the three HBx protbi@&with
protein in the yeast twohybrid system. The transcriptional activation function, which is indicative of the interaction between the two prstekpsessed as

the B-galactosidase activity in arbitrary units. (C) Same as (B), but this time the interacting protein UV-DDB1 was tested instead of the RXR protein.

fragment GST-E4F(173-262) was able to interact, it could promoter adjacent to the promoter in pLACZi that controls.
be speculated that the interaction site is somehow buriedexpression of3-galactosidase and used this to generate:a
or interfered with by the C-terminal extension in the larger yeast reporter strain. The reporter strain was then transfected

protein. with either a control plasmid (pGAD424), a construchs

expressing wt p120E4F fused to the Gal4 activation domaia
2.5. Gal4-AD-E4F fusion proteins activate a promoter (GAL4AD-wt-E4F), or the clone we originally isolatedz
containing the adenovirus E4F binding site in yeast with mini-HBx in the two-hybrid screen (GAL4AD-E4F- 2s

173-784) Fig. 4B, 1-3). We observed no activation of theas

As a prelude to test the influence of the HBx protein on reporter gene lacZ in cells transfected with control plasmids
the function of p120E4F, we established a yeast one-hybrid strong activation in cells transfected with GalAD-wt-E4Fs:
transcriptional activation test system. As a first step, we con- and an intermediate level of activation in cells transfected
structed a reporter plasmid for p120E4F by inserting three with GalAD-E4F(173-784), corresponding to 28% of thats
tandem copies of the E4F binding site from the adenovirus E4 observed with the wt-E4F protein. This suggests that the

VIRU991079 1-12
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0,03 0,02
0 | o | =
Wi, Ley Bapy,. By Ey TR Eqpo.  Fyp
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L T ]
(B) HBx

Fig. 2. HBx interacts with E4F in the yeast two-hybrid system. (A) Schematic figure of the generated deletion mutants of the E4F protein. The interactio
the TH (yeast two-hybrid assay) and the pull down experimeigt 3 is indicated in form of a table at the right side of this figure panel. (B) Quantification
of the interaction of the different deletion constructs of the E4F protein with HBx in the yeast two-hybrid @$3akactosidase activity was expressed as
arbitrary units.

GAL4-EA4F fusion protein binds to the E4F binding site and hancer Il regionkig. 4A). Therefore, we modified the abovexs
functions as a transcriptional activator in the yeast. The re- reporter plasmid by replacing each canonical E4F binding
duced activation seen with GALAAD-E4F(173-784) may re- site with the putative site found in the HBV enhancer Hes
flect the factthat deletion of the first 84 amino acids inthe E4F region and tested the ability of GAL4AD-E4F proteins tas

sequence reduces E4F DNA binding stabilRobney et al., activate B-galactosidase expression. The enhancer Il comr
1998h. struct is not activated by empty pGAD vectdfig. 4B, =n

column 4) but is significantly activated by Gal4dAD-wt-
2.6. E4F is an activator of a reporter gene under the E4F (Fig. 4B, column 5). Interestingly, the construct iSO=z
control of the enhancer Il promoter region from the HBV lated from the two-hybrid assay [Gal4AD-E4F(173—-784)}.
genome had 5.4 times higher activity than wt-E4Fig. 4B, col- s

umn 6), perhaps suggesting that the truncated protein binds
Examination of the HBV genomic sequence shows that to the site in the enhancer Il region better than to the
a close copy of the E4F binding site is present in the en- canonical site. Regardless, these results show that E4F pro-
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BN o B ) )
SR 1,65‘&%6 S
it o @ﬁ\ Q}ﬁ\ VAL \AY input
& &

o—GST
(A)

o—HBx | ‘
(B)

Fig. 3. Purified recombinant proteins 6xHis-HBx and GST-E4F interact in vitro. (A and B) Result of the in vitro pull down assay. (A) GST-E4F fusion prote
was coupled to glutathione sepharose beads. An aliquot of the coupled beads as well as GST control protein were run out on SDS-PAGE and analyzed t
anti-GST Western blot. (B) The coupled beads were washed and incubated with purified 6xHis-HBXx protein. After three additional washes, thelreads dena
and analyzed for bound proteins in an anti-HBx Western blot. Input HBx control protein had also been run out on the SDS-PAGE previous to Western blot.
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teins can bind to the HBV enhancer Il region and trans- 3. Discussion 306
activate a reporter gene under its control, when fused to the
Gal4AD. The action of the HBV-encoded HBXx oncoprotein iso
thought to be the primary cause of hepatocellular carais
2.7. HBx interferes with promoter activation by noma arising during chronic HBV infection. Thereforesm
GAL4AD-EA4F proteins we performed a yeast two-hybrid screen, using the minio
HBx(18-142) onco-protein as bait and a human fetal brain
Finally, we tested the ability of HBx to influence trans- cDNA library as a prey, to identify potential HBx-interacting:-
activation by Gal4AD-E4F proteins and the requirement proteins. A number of new HBx partners were identifieds
for HBx cysteine residuesF{g. 5. Upon co-transfection  in addition to several previously known partners, including.
of lexA-HBx, lexA-mini-HBx and lexA-mini-HBx(-Cys) the human transcription factor p120E4F. p120E4F is ubigs
constructs into the yeast reporter strain containing the E4 uitously expressed in both humans and miRedney et al., s
reporter plasmid and a Gal4AD-wt-E4F expression vector, 19983 and thus its expression in liver suggests that its ia-
we found that all three HBx proteins had an inhibitory effect teraction with HBx could be biologically significant. Weas
on trans-activation of the reporter gene by GAL4AD-wt- performed several additional analyses that confirmed the in-
E4F, reducingB-galactosidase expression by 35-45%. By teraction between HBx and p120E4F. In addition, we alse
contrast, co-transfection of the lexA parent construct had no present evidence that the cysteine residues in HBx may e
effect. The inhibition appears to be a specific effect, since differentially required for the interaction of HBx with vari- sz
we observed a quite different effect in previous comparable ous protein partners. Using two previously identified HBxxzs
studies with HBx and the transcription factor p338dura et interacting proteins: RXRKong et al., 200pand UVDDB1 s
al., 20095. In that case, all three types of HBx protein had a (Bontron etal., 2002(Fig. 1), we found that full length HBX, 225
stimulatory effect on the transactivation activity of p53 and mini-HBx(18-142) and the mini-HBx(-Cys) mutant were altz
not an inhibitory one as observed for E4F here. Given that able to interact with RXR in the yeast two-hybrid system;.
the interaction of p120E4F with HBx in the two hybrid assay whereas the mini-HBx(-Cys) mutant was unable to interaat
(Fig. 2 did not prohibit the promoter activation by GAL4AD-  with the UVDDBL1 protein. In previous reports, we showegbs
wt-E4F, it is possible that the HBx inhibitory effect seen that the mini-HBx(-Cys) protein is able to interact with p530
here reflects an interference with DNA binding, either due and RNA and that it has the same random coil conforma:
to direct blocking of the p120E4F DNA binding domain by tional structure as full length wt-HBXx, as shown by CD speé:.
HBx or an HBx-induced conformational change in p120E4F. troscopy Moura et al., 2005; Rui et al., 20R5These data 33
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Fig. 4. GalAD-EA4F ativates the transcription of a E4 promotor- and an HBV
enhancer ll-controlle@-galactosidase reporter gene in the yeast one-hybrid
system. (A) Schematic figure of the organization of the genome of HBV
and indication of the localization of the two enhancer regions | and Il. (B)
Amplification below the panel: enhancer region Il shows a 60% sequence
identity with the minimal promotor element controlled by E4F. (C) Quan-
tiative activation of the8-galactosidase gene controlled by the E4 promotor
(left) or by the HBV enhancer Il region (right). Shown is the dependence of
the expression of thp-galactosidase on the expression, absence, presence
of the full lenght Gal4AD-E4F fusion protein or the GalAD-E4F(173-784)

fusion protein3-Galactosidade activity was expressed as arbitrary units.

collectively suggested that the cysteine residues in the HBx
protein are not required for the majority of HBx interactions
or functions tested to date. In contrast, the inability of mini-
HBx(-Cys) to interact with UVDDBL1 clearly shows that the
cysteine residues may indeed be important for some HBx
functions, dependent on the particular interacting partner, and
thus warrants further study with a greater spectrum of HBx-
interacting proteins. The fact that mini-HBx(-Cys) inhibited
GAL4ADWEAF to the same extent as wt-HBXi@. 5) points

out, however, thatthe cysteine residues may play arolein only
a limited number of HBx interactions.

p1l20E4F has been described previously as a transcrip-

tional repressor involved in the control of cell cycle progres-
sion, mitosis and cytokinesigérnandes et al., 199Bajas,
2001;Rooney, 2001; Rizos et al., 2003=Cam et al., 2004).

A truncated form of p120E4F, termed p50E4F, has also been

1999. Therefore, any potential involvement of E4F proteins:
in HBx-induced transformation warrants a more detailed ugs
derstanding of their physical interaction with HBx. We utisss
lized anin vitro pull-down assay in addition to yeast one- ang
two-hybrid systems as experimental models to evaluate the
interaction of HBx with E4F proteins and its possible influss:
ence on their function. Our results showed that HBx can indes
pendently interact with two zinc finger domains, one of whicks
functions as the DNA binding domain for both p120E4kxo
and p50E4F while the other resides solely within p120E4k
(Rooney et al., 1998bWe also found that co-expression ofe:
HBx with a fusion protein consisting of p120E4F and thes
Gal4 activation domain inhibited promoter activation by the.
E4F fusion protein in the yeast one-hybrid assay by almost
50% (Fig. 5). This suggests that HBx either binds to the DNAss
binding domain in E4F proteins or interferes with its functiogs
in an indirect way. While it is also possible that this effecks
could be due to HBx interfering with the attraction of compasso
nents of the general transcriptional machinery, the lack ota
prohibitive effect in the yeast two-hybrid assay is consistent
with an effect on promoter binding. This assay also showed
that the cysteine residues in HBx are dispensable for this -
hibitory activity. 374
The adenovirus E1A onco-protein functions analogously
to HBx in that it also influences the transcription of boths
viral and cellular genes. E1A has been shown to block the ee-
pressor function of p120E4F in vivé€érnandes and Rooney,s

(LexA-mini-HBx(-Cys))

N
~ LT
| ,ef‘fl‘_ﬂﬁx e ~
" Ga4 |
(LexA) \_E4F /
[ Vi LacZ
E4 promotor
1,20 1
100 101 E4F +
1,00 !f i)
=
=
= 0,80
= 0,65
- T
5 060 0,55 = 0,54
= £ T
f 0,60
R
0,20
0,00
) LexA HBx mini-HBx mini-HBx(-Cys)

Fig. 5. HBxwith and without cysteine residues is able to inhibit the Gal4AD-
E4F fusion protein dependent expressiogajalactosidase by 50% in the
yeast one-hybrid system. (A) Schematic figure panel showing the possi-
ble interfereance of the HBx proteins on the Gal4AD-E4F driven E4 pro-
motor activity controlling the lac-Z gene expression. (B) Quantitation of

the B-galactosidase activity (in arbitrary units). The dependance othe

galactosidase expression on the persence of Gal4AD-E4F and the three dif-

implicated in the regulation of apoptosis (Raychaudhhuri et ferent HBx protein constructs were analyzed [lexA-wt-HBx, lexA-mini-HBx

al., 1987; Fernandes et al., 199%%rnandes and Rooney,

and lexA-mini-HBx(-Cys)].
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p53
1 580
HMGA2 Pl4ARF
153 299 369 S66
pRB RASSF1A pRB

1 357 EITRT 186 84

HBx HBx

Fig. 6. Schematic representation. The protein domains of E4F with indication of the mapped protein regions shown to be involved in the inteheitteons wi
shown proteins, including HBx and the HBx interacting proteins p53 and pRB.

1999 and thereby promote the transcription of the early viral or perhaps in addition, HBx could inhibit the negative role of:
genes during adenovirus infectioRlifit and Shenk, 1989 p120EA4F in the regulation of the cell cycle. 422
Aside from its activation of early viral genes, E1A has also

been found to have an influence on the promoters controlling

a number of cellular genes, including those encoding ATF, 4. Materials and methods 423
Oct-1 and SplJones and Lee, 1991HBx has been found
to regulate the transcription of many of these same genes4.1. Construction of plasmids 424

(Choi et al., 2001; Antunovic et al., 1993; Gomez-Gonzalo
et al., 200}, supporting the hypothesis that HBx and E1A HBx pET28a: full length HBx DNA (subtypeayw) ax
target a common set of cellular components to achieve host(Galibert et al., 1997; Lo et al., 198#serted into pPCMV- 42
cell transformation. Our results suggest that the associationAd (kindly provided by Dr. R. Schneider, NYU, New York) s
with E4F proteins is one of those common events. This hy- was used as a template DNA in the PCR reactions, in ot
pothesis is further supported by experimental results showingder to amplify the full length HBx gene (510 bp). The fulkzs
that HBx can partially substitute for the transcription regula- length HBx gene was directionally cloned into the bacteriab
tory function of E1A during adenovirus infectios¢haack expression vector pET28a+ (Novagen) Wad and Xhd 4
et al., 1996. In addition, it is noteworthy that E4AF and HBx  restriction sites. The truncated “mini-HBX" gene (372 bp}-
share several interacting protein partners, including pRB andwas amplified by PCR using the full length HBx DNA asas
p53; the binding regions in p120E4F for HBx and other E4F a template DNA. The “mini-HBx” gene was directionallyaz
interacting proteins are summarizedHig. 6. Interestingly, cloned into the bacterial expression vector pET28a+ (Nas
another protein called E4-binding protein 4 (E4BP4 or NF- vagen) viaNdd and BanHlI restriction sites. The recom- s
IL3), a human bZIP transcription factor that can bind to the binant plasmid pET28a+/mini-HBx(18-142) was used as.a
adenovirus E4 promoter, has been shown to also bind to thetemplate DNA in the PCR reactions in order to generatesa
HBV enhancer Il regioni§hida et al., 200((Fig. 5A) through complete cysteine/serine point mutant [mini-HBx(18-142)s
the same element that shares 60% sequence identity with theCys] using the QuickChangeTM Site-Directed Mutagenes«o
E4F binding site. E4BP4 has been implicated in the regula- sis’ kit (Stratagene) Koura et al., 2005; Rui et al., 2005
tion of apoptosis, cell survival, inflammatory responses and The cysteine/serine point mutations were confirmed by DN&
the circadian rhythm and thus would represent another idealsequencing. The recombinant plasmids pET28a+/HBx co-
candidate for achieving cellular transformati@o(vell et al., tain a six-histidine tag (6xHis) encoding sequence that allows
1992; Cowell, 200 the purification of the recombinants fusion proteins via Ni=s
The discovery of a DNA motif in the HBV genome en- affinity chromatography. pBTM116-HBx: the HBx(1—154) s
hancer Il region that shares 60% sequence identity with the mini-HBx(18—-142) and mini-HBx(18-142)-Cys (not codings.-
minimal E4F DNA recognition site suggests additional sim- any Cysteines) were amplified by PCR and subcloned 4ia
ilarities between HBV and adenovirus. The enhancer region frame with the lexA DNA binding domain in the yeast expresss
of the HBV genome stimulates the transcription of the genes sion vector pBTM116 Bartel and Fields, 1995via ECORI o
encoding surface proteins | and 1l and the HBx protein itself andBanH]I restriction sitesloura et al., 200b 451
(Ishida et al., 200p It is possible that p120E4F, the most PGEX5x2-E4F and pGAD424-E4F: a pCITE plasmids
abundant form of E4F in the human cell, could bind to en- containing the full length human E4F had been generated
hancer region Il and repress HBV viral transcription. In this previously as describedrponey et al., 1998b The gene s
context, it is tempting to speculate that the viral protein HBX, coding human E4F(1-784) protein was amplified and uses
possibly by interacting with p120E4F, could have a coun- to create full length and truncated “E4F" genes from thiss
teracting function. HBx would decrease p120E4F repressorvector with specific primers which were inserted in frame-
activity, thereby activating HBV transcription. Alternatively, with the Gal4 activation domain gene, \idRl andXhd s

VIRU§£1079 1-12



459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

DTD 5

E. Rui et al. / Virus Research xxx (2005) XXx—XXx 9

sites, into the cloning site of the yeast expression vector Briefly, a bacterial pellet derived from a 11 culture wasu
pGADA424 (Clontech). A similar approach was used to clone re-suspended in lysis buffer (50 mM Tris—HCI pH 8, 5 mM:.
E4F fragments into the bacterial expression vector pPGEX5x2 EDTA, 5mM DTT, 1mM PMSF) containing lysozymesis
(Amersham Pharmacia Biotech) in frame with GST. The (1 mg/ml). Afterincubationonice for 30 min, cells were lyseéhs
oligonucleotides for the full length construct were: sense: by three subsequent freezethaw cycles. Genomic DNA was
GGCGGAATTECCATGGAGGGCGAGATGGCAGTGC digested by addition of DNAse (1g/ml) and incubation for s
and anti-sense: GGRAGCTCCTAGACGATGACCGTCT- 20 min at 37C. After incubation, the samples were sonicateg
GCACC. In a similar approach oligonucleotides were and the pellet was separated by centrifugation at 18600 ss
generated to amplify fragments that encode the E4F for 15min at £C. The pellet was re-suspended in washings
constructs spanning the following indicated amino acid buffer (50 MM Tris—HCIpH 8,5mM EDTA, 5mM DTT, 3 M s
sequences: E4F(173-784); EAF(263—784); E4F(428-784);Urea, 1% Triton X-100) and then centrifuged at 950§ for sz
E4F(173-486); E4F(263—-486); E4F(1-262); E4F(84—-262); 15 min at £C for three times or until the supernatant was:
E4F(173-262). These fragments were inserted in the clear. The pellet containing the HBxinclusion bodies was sak:
pGAD424 and pGEX5x2 vectors. E4 and enhancer Il ubilized in 20 ml of 50 mM Tris—HCI, (pH 8), 8 M Urea ands:«
promoters constructs in vector pLacZi: the vectors pLacZi- the solution was again centrifuged at 14,009for 20 minat sz
E4 and pLaczi-enhancer Il were generated by inserting 4°C. The resulting solution was filtered and applied to a Niz
three tandem copies of E4F recognition sites found in NTA column (QIAgen). The subsequent washing and elutiesn

the adenovirus E4 promoter (CATGACGTAAaANd HBV
enhancer Il (TGCCCAAGGTCTTACATAAGAGG) into
the yeast vector pLacZi (Clontech) \iaR| andXhd sites.

steps were all carried out with buffer A (8 M Urea, 100 mM:s
NaH;POy, 10 mM Tris—HCI) but at different pHs. The col-sz
umn was washed first with buffer A, pH 8 and than with buffes.

The oligonucleotides used to generate these constructs wereA, pH 6.3. Bound protein was eluted with a linear pH gradient

EnhllI-S: AATTCTTGCCCAAGGTCTTACATAAGAGGT-
TGCCCAAGGTCT TACATAAGAGGTTGCCCAAGGTC-
TTACATAAGAGGC; Enhll-AS: TCGAGC CTCTTA-
TGTAAGACCTTGGGCAACCTCTTATGTAAGACCTT-
GGGCAACCTCTTATGTAAGACCTTGGGCAAG; E4-S:
AATTCATGACGTAACATGACG TAACATG ACGTAAC;
E4-AS: GAGGTTACGTCATGTTACGTCATGTTACGTC-
AT. All vector constructs were confirmed by DNA sequenc-

ing.

4.2. Expression of proteins and purification of the
GST-EA4F fusion protein

Escherichia colistrain BL-21 was transformed with hu-
man E4F containing pGEX-5x2 or empty pGEX-5x2 vector.
Cells were grown in LB medium containing ampicillin to
an ODyp0=0.7, followed by addition of isopropylthi@-p-
galactoside (IPTG) to a final concentration of 1 mM and in-
duced for 3h at 37C. Cells were harvested by centrifugation

and E4F proteins were purified from the soluble protein frac-

between 6.3 and 4.5 in buffer A. The column eluate was cel:
lected in 2 ml fractions and 10l aliquots were analyzed by s
SDS-PAGE. Peak fractions were pooled and dialyzed agaigst
renaturing PGDE buffer (25 mM pipes, pH 6, 50 mM KClsss
80 mM NacCl, 1 mM EDTA, 7 mM 2-mercaptoethanol, 0.1%:s
Triton X-100, 5% glycerol) at 4C with several changes of ss7
the buffer. Dialyzed protein was cleared by centrifugation at
14,000x g and used for the in vitro E4F binding assays. s

4.4, Co-precipitation assay of GST-E4F with HBx 540

We used the expressed and purified proteins GST, GSiI-
E4F in its various deletion mutant forms and 6xHis-HBx.
protein to perform pull down assays in vitro. First, we imsss
mobilized GST-E4F protein or GST control protein onll0 sz
glutathione beads using PBS (pH 7.4) as the coupling and
washing buffer. The coupled beads were than equilibrated
with buffer PDGE (see above) and incubated with 6xHisx
HBx(1-154) for 20 min at room temperature on an end-ovess
end mixer. After three washes with 0.5 ml of PGDE buffess

tion of the bacterial lysate using glutathione-sepharose 4B the beads were collected and bound protein was analyzedby
(Amersham) as described previously for other GST fusion SDS-PAGE. 551

proteins Moraes et al., 2003

4.3. Purification of 6xHis-HBx fusion proteins from
inclusion bodies

E. colistrain BL-21 was transformed with the either HBx,
or mutant mini-HBx DNAs containing pET28a + vector.
Cells were grownin LB medium containing kanamycin (pET)
to an OQypp=0.7, followed by addition of isopropylthi@-
p-galactoside (IPTG) to a final concentration of 1 mM and
induced for 3h at 37C. Cells were harvested by centrifuga-
tion and HBx proteins were purified from inclusion bodies as
described previouslyMoura et al., 2005; Rui et al., 20D5

4.5, Yeast one-hybrid system based transcriptional 552
activation assay 553

pLacZi-E4 and pLacZi-enhancer Il vectors were linss
earized with Apal and stably transformed into yeast strain
W303 to generate reporter strains W303-E4 and W303s
Enhll that were used in one-hybrid transcriptional activatios
assays described below (the W303 genotgoe2-1ade2-1  sss
ura3lura3-1 his3-11,1%his311,1% trpl-Utrpl-1; leu2- sso
3,112leu2-3,112. W303E4 and W303-enhancer Il yeastso
cells were transformed with pGAD424 or the indicatee:
pGAD424-E4F plasmids and in a second step were cotrags-
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fected with empty vector pPBTM116 or pBTM116 encoding
lexA-fusions with HBx(1-154), mini-HBx(18-142) or
mini-HBx(18-142)-Cys. The degree of activation of the

to dedicate this article to Prof. Dr. Hilmar Lemke (Institute:..
of Biochemistry, Christian-Albrechts University, Kiel, Ger-ss
many) on the occasion of his 65th birthday and retirememt.

promoter-lacZ reporter construct was then assessed by arHis enthusiasm and profound knowledge continue to be:a

ONPG (-nitrophenyl B-p-galactopyranoside) liquid assay
(Clontech). Briefly, equal quantities of yeast cells were
centrifuged and disrupted in Z-buffer (60 mM MNP Oy,
40mM NakbPQOy, 10 mM KCI, 1mM MgSQ) by freeze-
thawing. 25mM 2-mercaptoethanol and 10mM ONPG
(each dissolved in Z-buffer) were added to each reaction.
After 1h at 30°C the reaction was stopped by adding 0.3
volumes of 1 M NaCOs. After mixing and centrifugation

the OD of the supernatants was measured at 420 nm using a

spectrophotometer. All experiments were done in triplicate
and the average values were plotted as arbitrary units.

4.6. Western blotting

Proteins were separated by SDS-PAGE using a 12.5%
acrylamide gel and then transferred to the PVDF membrane
(ImmobilonTM-R Millipore) using aSemi-Dry Blotting Sys-
tem (W.E.P. Company). The membrane was blocked in 5%
BSAin TBS (20 mM Tris—HCI, 150 mM NacCl, 0.1% Tween-
20, pH 7.2) was probed with primary antibody (anti-GST)
or anti-HBx serum (from rabbit). Secondary anti-mouse
and anti-rabbit antibodies conjugated with HRP (1:5000)
were used for detection using thiéestern Blotting Luminol
Reagen{Santa Cruz Biotechnology).

4.7. Yeast two-hybrid assay

The yeast two-hybrid assay was performed using the
L40 yeast strain that was maintained on yeast ex-
tract/peptone/dextrose (YPD) plates. Cells were transformed
with the indicated plasmids using the lithium acetate pro-
cedure and grown on selective minimal medium plates with
synthetic dextrose (SD) inthe absence of Trp and Leu. Protein
interaction studies were performed on SD plates without Leu,
Trp and His (SD-Leu-Trp-His-). Two-hybrid transformants
were streaked out, grown at 3G for 48 h, and analyzed
for their ability to grow in SD-Leu-Trp-His- and regulae
galactosidase expression.
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V - Discussao

HBXx e sua interacdo com RNA

Em concordéncia com dados da literatura, a proteina HBx foi encontrada na fragéo insolavel
do lisado bacteriano, na forma de corpos de inclusdo (Gupta, A. et al, 1995; Marczinovits, 1. et al,
1997; Qadri, 1. et al, 1995; Qadri, I. et al, 1996a). A existéncia de um meio citoplasmatico reduzido
na E.coli poderia ser responsavel pela formagdo incorreta das pontes dissulfeto intermoleculares
das 10 cisteinas presentes na proteina HBXx, assim como a auséncia de chaperones especificas que
poderiam auxiliar no enovelamento correto da proteina. Por outro lado, a presenca de um grande
numero de residuos hidrofébicos na seqliéncia de aminoacidos da proteina HBx, ou uma possivel
toxidez da proteina para a E.coli, podem também favorecer sua insolubilidade e acimulo na forma
de corpos de inclusdo.

Em nossos estudos, a purificacdo prévia dos corpos de inclusdo permitiu um alto grau de
pureza da proteina HBx. A obtenc¢éo da proteina HBx na forma de corpos de incluséo impede a sua
degradacdo proteolitica mas, por outro lado, a necessidade de sua extragdo com solugédo
desnaturante de uréia 8 M (ou de guanidina-HCI 6 M) traz uma grande desvantagem: a dificil
obtencdo de proteina renaturada, corretamente enovelada e biologicamente ativa, através de
dialises sequenciais.

Para testar a atividade biologica da proteina HBx renaturada, utilizamos a capacidade da
proteina HBx em se ligar a uma fita simples de &cidos nucléicos, como descrito por Qadri e
colaboradores (Qadri, I. et al, 1996b). Como a molécula de DNA de fita simples é semelhante a
molécula de RNA, resolvemos estudar a interacdo da proteina HBx com oligonucleotideos de
RNA ricos em adenina e uracila (AU). Estes motivos ricos em AU estdo presentes em varios
mRNAs que apresentam alta taxa de sintese e degradagdo (turnover) como, por exemplo, 0s
MRNAs de proto-oncogenes c-myc, c-fos e de citocinas GM-CSF, IL-2 e TNF.

NOs mostramos em estudos in vitro que a proteina HBx pode se ligar com alta especificidade
a um RNA rico em adenina e uracila (Rui, E. et al, 2001). Nossos dados permitem especular que a
ligacdo da proteina HBx a estes mMRNASs poderia causar uma estabilizagdo in vivo destes mRNAS
de proto-oncogenes, contribuindo para a transformacéo celular que levaria ao desenvolvimento do

carcinoma hepatocelular (HCC).
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A relevancias das cisteinas para HBx

Os residuos de aminoacidos de cisteinas tém a capacidade de formar ligacGes covalentes por
meio das pontes dissulfetos. As formacGes de pontes dissulfetos em muitas proteinas
desempenham um papel importante na estabilidade da conformacdo espacial da molécula e,
conseqiientemente em sua atividade bioldgica. E conhecido que em alguns casos a substituicdo das
cisteinas por aminoacidos com caracteristicas similares ndo afeta significantemente a estrutura e a
funcdo de certas proteinas (Hu, Y.K. et al, 2000), porém em outras situac@es esta substituicdo pode
inibir completamente sua atividade bioldgica (Karnik, S.S. et al, 1988; Petrov, V.V. et al, 1997;
van lwaarden, P.R. et al, 1991).

Deve-se ater especial atengdo a presenca de residuos de cisteina em uma proteina pois isto
tem importantes implicacbes para pesquisas que abordam temas estruturais. Muitas vezes a
obtencdo de grandes quantidades de proteinas, com alto grau de pureza, provém de um sistema
procaridtico de expressdo; no entanto, organismos como E. coli possuem um citoplasma redutor
que dificulta a correta formacao de pontes dissulfeto. Como conseqiiéncia, as proteinas produzidas
por este organismo podem ndo ser funcionais, seja pelas formacgdes inespecificas de pontes
dissulfeto, seja pela agregacdo quando em solucdo, ou ainda na formacdo de corpos de inclusdo
(proteinas insoluveis). Uma proteina onde suas cisteinas foram permutadas por serinas e com suas
principais funcdes bioldgicas pouco alteradas é de grande interesse para estudos estruturais e
evolutivos.

Um estudo anterior ja tinha investigado a ocorréncia de pontes dissulfeto na proteina HBx
(Gupta, A. et al, 1995), outros trabalhos sugeriram que esta proteina poderia sofrer dimerizacédo e
que as pontes dissulfetos poderiam participar deste evento. Para investigar a participacdo dos
residuos de cisteina na funcionalidade da proteina HBX, construimos uma série de proteinas
mutantes, onde as cisteinas foram substituidas por serinas, para testar cada um das proteinas
quanto a sua funcionalidade. Para testar a integridade funcional das HBx mutantes, decidimos
adotar a capacidade da proteina viral em se ligar aos acidos nucléicos de simples fita, como
descrito por Qadri e colaboradores (Qadri, I. et al, 1996b) e posteriormente em nosso trabalho
(Rui, E. et al, 2001). Tal decisdo se fundamenta no fato de que este ensaio pode ser facilmente
reproduzivel em laboratdrio, e a interagdo entre acido nucléico e proteina pode ser revelada por
experimentos como EMSA e/ou UV-cross-linking. Surpreendentemente, todas as proteinas

testadas tiveram a capacidade de interagir com a sonda de RNA AU38 (tabela 01) (de Moura, P.R.
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et al, 2005). Com esse resultado podemos sugerir que a atividade bioldgica que nds observamos
em ensaios de UV-cross-linking deve-se possivelmente a proteina HBx na forma monomerica e
que a presenca das cisteinas ndo seriam relevantes para a ligacdo ao RNA AU38, uma vez que 0
mutante mini-HBx(-Cys) ndo ha qualquer cisteina e mesmo assim exibiu atividade biolégica com
similar intensidade quando comparada com a proteina HBx selvagem.

Motivados pelos resultados obtidos com os ensaios de interagdo de RNA e HBx, fomos
impulsionados a fazer novas perguntas:

Qual a importancia das cisteinas para a interacdo proteina-proteina?

A proteina HBx sem cisteina ainda preserva a capacidade de se ligar a outras proteinas
importantes como p53, UV-DDB1, RXR ou as proteinas membro da familia bZip como CREB,
ATF3 e ICERIIy (Barnabas, S. e Andrisani, O.M., 2000; Reddi, H. et al, 2003)?

Como ja conhecido, HBx é uma proteina multifuncional que desencadeia efeitos pleotrépicos
nos hepatdcitos. Esta capacidade deve-se em parte a caracteristica da proteina HBx em interagir
com outras proteinas da célula hospedeira. Importantes interacdes de HBx com UV-DDB1 (Lee,
T.H. et al, 1995), XAPC7 (Huang, J. et al, 1996), XAP2 (Meyer, B.K. et al, 1998), XIP (Melegari,
M. et al, 1998) e p55sen (Sun, B.S. et al, 1998) foram descobertas pelo emprego da técnica de
duplo-hibrido. Estas proteinas foram isoladas, identificadas e as suas ligacdes com a proteina HBx
selvagem caracterizadas. Para responder as perguntas acima submetemos a proteina mini-HBx ao
ensaio de duplo-hibrido a fim de isolar proteinas ja descritas e identificar possiveis novas proteinas
que interagem com HBXx e, em um segundo momento, testar se a interacdo também ocorre com a
proteina mini-HBx(-Cys).

Como resultado da selecdo da biblioteca por proteinas que interagissem com mini-HBX,
identificamos 2 proteinas ja descritas em interagir com a proteina viral selvagem: Retiniod X
receptor (RXR); UV-damage DNA-bindingl (UV-DDBP1), e uma potencial nova proteina, E4
transcription factor (E4F) (Rui, E. et al, 2005a). Para estudar a relevancia das cisteinas em um
contexto de interacdo proteina-proteina, realizamos experimentos com RXR, UV-DDB1, E4F e,
como controle positivo, a proteina p53.

Ao realizar 0s ensaios quantitativos com p53 e E4F percebemos que as 3 formas de HBx
pouco diferenciaram em interagir com as duas proteinas humanas, concluimos que neste contexto
as cisteinas foram pouco relevantes na interacdo HBx-p53 (de Moura, P.R. et al, 2005) e HBx-E4F
(Rui, E. et al, 2005a). Porém, ao verificar se 0 mesmo aconteceria com a proteina RXR,
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observamos que as substituicdes dos aminoacidos fez com que HBXx perdesse aproximadamente
30% da afinidade para RXR, mas preservando ainda a capacidade em interagir com este fator (Rui,
E. et al, 2005a). Entretanto, os resultados com UV-DDBL1 revelaram que a substituicdo das
cisteinas desfavoreceu completamente a formacdo do complexo mini-HBx(-Cys)-UV-DDBL.
Porem, de acordo com a literatura, as deleges N- e C-terminal tiveram pouca influéncia nos teste

quando comparado a proteina HBx selvagem.

Acreditamos que estas descobertas tenham importantes conseqiiéncias para o entendimento
do mecanismo de acdo de HBx. Sabendo que a proteina viral é capaz de interagir com dezenas de
proteinas humanas é coerente indagar se esta capacidade seria em decorréncia de uma grande
flexibilidade estrutural, onde os residuos de cisteinas teriam um papel secundario na estabilidade
conformacional de HBx. Entretanto é muito importante ressaltar que testamos HBx sem cisteinas
com apenas 4 proteinas humanas, dentre dezenas outras conhecidas. Antes de quaisquer
especulacBes mais profundas a respeito do papel das cisteinas na funcionalidade de HBx é
necessario que outros grupos venham confirmar nossos resultados com uma gama maior de
técnicas e proteinas diferentes.

Apesar de uma primeira tentativa de cristalizacdo da proteina HBx ter falhado, impedindo
dessa forma a utilizagdo de métodos cristalogréficos e difracdo de raio-X para a elucidacdo da
estrutura tridimensional da proteina viral, nossos estudos estruturais por técnicas de dicroismo
circular e ressonancia nuclear magnética nos mostraram que a proteina HBx apresenta uma
estrutura nao-periédica (Rui, E. et al, 2005b). Em nossos ensaios observamos ainda que, em
determinada condicdes experimentais, a proteina HBx pode alterar as porcentagens das estruturas
secundarias. Tais informacgdes suportam um modelo de proteina bem flexivel, que tendesse a
assumir estruturas tridimensionais especificas com determinados substratos. Tal caracteristica
traria a vantagem de um ajuste fino de interacdo proteina-proteina que visasse um estado minimo

de energia.

E4F em um contexto celular

Em nossos experimentos de duplo-hibrido achamos a proteina E4F interagindo com HBX.

O cDNA de E4F (E4 transcription factor ) codifica uma proteina de 784 aminoacidos com
86% de identidade com o fator nuclear ¢-AP3 de camundongo (Fernandes, E.R. e Rooney, R.J.,

1997). Ambas as proteinas possuem sequéncias conservadas nos dominios zinc fingers que as
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remetem como membros da familia GLI-Kruppel (Fognani, C. et al, 1993). Os genes da familia
GLI-Kruppel séo caracterizados por possuirem um dominio conservado presentes em muitos
fingers (HTGEKP(Y/F)XC), e membros desta familia estdo implicados nos processos de
desenvolvimento embrionario e em certas neoplasias (Ruppert, J.M. et al, 1988). Analises na
sequiéncia de aminodacidos da proteina E4F mostraram que a proteina apresenta uma regido rica em
prolina, um dominio helix-turn-helix e 4 dois dominios zinc fingers na regido N-terminal qual
abrange os primeiros 262 aminoacidos (Fernandes, E.R. e Rooney, R.J., 1999); este fragmento,
conhecido por p50E4F, foi isolado de células HelLa por afinidade a uma sequéncia especifica de
DNA do promotor E4 do adenovirus como um polipeptideo de 50kDa (Raychaudhuri, P. et al,
1987; Raychaudhuri, P. et al, 1989), o que sugere que a proteina sofra protedlise enddgena.

Na regido C-terminal (262-784) encontram-se outros 6 dominios zinc finger, porém nédo ha
estudos referentes ao fragmento C-terminal da proteina E4F. A proteina E4F humana é expressa
em baixa concentracdo em uma grande variedade de tecidos e existe sob duas formas até agora
detectada, uma predominante de 120kDa (p120E4F) e outra menos abundante de pSOE4F. Ambas
as formas reconhecem o mesmo sitio no promotor E4 do adenovirus, mas com efeitos funcionais
opostos: enquanto pl20E4F reprime o promotor, a forma p50E4F estimula sua atividade
(Fernandes, E.R. et al, 1998). A expressdao do gene E1A(13S) exerce forte influéncia sobre a
atividade de E4F por meios de eventos que envolvem a fosforilagdo da proteina humana. Ensaios
de transfeccdo transiente mostraram que na presenca de E1A(13S) o fragmento de pS50E4F
estimulou o promotor E4, porém, a proteina completa p120E4F agiu como repressor do promotor
somente na auséncia da proteina viral, o efeito repressor foi anulado na presenca de E1A(13S)
(Fernandes, E.R. et al, 1998).

Acumulam-se evidéncias de que E4F esteja envolvida no controle do ciclo celular. Um efeito
fisioldgico da expressdo ectdpica de p120E4F em fibroblastos de rato é a parada do ciclo celular
préximo a transicdo da fase G1 para S, mas este resultado foi observado somente com a proteina
completa e ndo com o fragmento amino-terminal p50E4F (Fernandes, E.R. e Rooney, R.J., 1999),
indicando um especifico envolvimento da metade carboxi-terminal da proteina nesta funcéo. Neste
contexto, estudos mostraram que a interrupcdo do ciclo celular, intermediada por E4F, é
dependente da presenca de p53 funcional.

O produto do gene supressor de tumor p53 estd envolvido na manutencgdo da integridade do

genoma, além de multiplas outras fun¢Ges como: ativador e repressor da transcricdo; modulacdo de
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fatores relacionados no reparo ao DNA; regulacdo da apoptose e controle do ciclo celular (Harms,
K. et al, 2004). A regulacdo do crescimento e divisdo celular por p53 requer a capacidade de
reprimir e ativar genes celulares especificos, como também associar-se em complexos com outras
proteinas. Entretanto, a formacdo do complexo E4F-p53 ndo influencia a capacidade de p53 de se
ligar a0 DNA (Sandy, P. et al, 2000), indicando que a supressao do ciclo celular por p120E4F pode
envolver outros genes que ndo sdo diretamente regulados pelas seqliéncias consenso de ligacao ao
DNA seja de p53 ou de E4F, pois mesmo com a delecdo do dominio de ligacdo ao DNA de E4F
observou-se a supressdo do ciclo celular. Isto sugere que pl20E4F é um importante elemento
dentro de uma complexa rede de interacfes proteina-proteina na qual p53 estd envolvida. No
entanto, p53 é uma das primeiras proteinas a ser descrita interagindo com E4F. Uma segunda
proteina, descoberta interagindo com E4F foi a pRB (retinoblastoma protein).

As proteinas membros da familia pRB participam na transdugéo de sinal do ciclo celular para
o controle transcricional de um conjunto de genes que regulam processos de crescimento e
diferenciacdo celular, e esta funcdo esta na capacidade de ligarem e modularem a atividade de
diferentes fatores de transcricdo (Fajas, L. et al, 2000). E4F interagiu com pRB somente quando as
células encontravam-se em estado quiescentes, e o complexo nédo foi detectado com as células em
estado proliferativo, mostrando que a interacdo E4F-pRB é dependente do ciclo celular. Ensaios
utilizando células deficientes em pRB (pRB-/-) apresentaram evidéncias que o efeito
antiproliferativo de E4F € fortemente influenciado pela presenca de pRB. Descobriu-se ainda que
pPRB estimula a ligacdo de E4F ao seu sitio no DNA, porém a pRB néo foi detectada no complexo
p120E4F-DNA em ensaios de gel shift (Fajas, L. et al, 2000).

Outro estudo encontrou E4F associada a ARF. O p14ARF é um gene supressor de tumor que
pode induzir uma forte parada no crescimento ou morte celular em resposta a estimulos
hiperproliferativos oncogénicos, tais como 0s desencadeados pela expressdao do gene E1A do
adenovirus, que neste caso interrompe o ciclo em G1 e G2 ou induz a célula para apoptose (de
Stanchina, E. et al, 1998). p14ARF também ativa uma via de resposta de p53 por interagir e inibir
Mdmz2, um antagonista de p53 (Weber, J.D. et al, 1999). Animais knock-out para ARF tém alta
propensdo para a formacdo de tumor e, em células deficientes em ARF ha progressdo do ciclo
celular mesmo apds a ocorréncia de lesées ao DNA (Khan, S.H. et al, 2000). Foi demonstrado que
pl4ARF liga-se nos residuos 551 a 566 de p120E4F para formar um complexo envolvido na

modulacdo do ciclo celular. Em ensaios de transfeccdo transiente verificou-se que ambas as
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proteinas sozinhas foram héabeis em parar o ciclo celular, porém, a co-expressao de pl120E4F e
pl4ARF inibiu fortemente a ocorréncia da fase S, indicando um efeito sinergistico entre as duas
proteinas. Entretanto, tal fenbmeno sé é observado na presenca de p53 funcional, o que corrobora
com os experimentos de imunoprecipitacdo que demonstram a formacgdo do complexo pl4ARF-
p120E4F-p53 in vivo (Rizos, H. et al, 2003).

Uma outra investigacdo determinou que os aminoacidos 411 a 445 de E4F formam um
importante ponto de interacdo com a proteina RASSF1A (Fenton, S.L. et al, 2004). Em varios
tipos de linhagens de células tumorais verificou-se que ndo ocorria a expressao do gene
RASSF1A; por outro lado, a expressdo do gene RASSF1A teve a capacidade de diminuir a
formacéo de tumor em camundongos, suprimir a formacdo de colénias e impedir 0 crescimento
celular (Burbee, D.G. et al, 2001; Dammann, R. et al, 2000). Assim aparecem fortes evidéncias de
que a inativagdo de RASSF1A ¢é importante na patogénese de canceres humanos, o que conduz
este gene para a lista de genes supressores de tumor. Ensaios de expressdo e co-expressao de E4F e
RAASF1A em células de mamiferos demonstraram que RASSF1A, quando sozinha, influencia
muito pouco na distribuicdo das células pelas fases do ciclo celular, mas possui um efeito
potencializador quando expressa junto com E4F na parada do ciclo celular na fase G1 (Fenton,
S.L. et al, 2004). Apesar dos esforcos para compreender o papel de E4F nas atividades celulares, a
funcéo desta proteina em células normais ainda ndo esta completamente elucidada, mas j& se sabe
que a geracdo de ratos knock-out viaveis ndo é possivel, pois os embrides deficientes em E4F
morrem no estagio pré-implantacdo, enquanto que cultura de blastécitos E4F-/- exibem problemas
no progresso mitotico, ma segregacao cromossdémica e aumento da apoptose, sugerindo um papel
crucial de E4F para a progressdao mitética e durante a fase inicial do embrido (Le Cam, L. et al,
2004).

Até onde os estudos sobre E4F avancaram verificou-se uma forte relacao desta proteina com
a regulacdo do ciclo celular e, curiosamente, todas as 5 proteinas conhecidas hoje em interagir com
E4F sdo proteinas supressoras de tumor (pPRB, HMGAZ2, p1l4ARF, p53 e RASSF1A). As pesquisas

com E4F estdo apenas no inicio, visto que existem poucos artigos sobre o tema.
E4F, uma proteina alvo de dois virus

Os adenovirus podem causar uma variedade de doencas humanas associadas geralmente com

infeccdes do trato gastrointestinal, respiratoria e conjuntivites (Horwitz, M.S., 1996). Ha estudos
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que mostram que os produtos dos genes E1A, E1B e E4, de alguns tipos de adenovirus, tém
potencial oncogénico (Thomas, D.L. et al, 2001). O ciclo de infeccdo do adenovirus pode ser
divido em duas fases: a primeira fase, ou fase inicial, compreende a entrada do virus dentro da
célula hospedeira e a passagem do genoma viral para o nucleo da célula; posteriormente, o virus
promove uma seletiva transcricdo e traducdo dos primeiros genes alvos, e tais eventos modulam as
funcBes celulares que facilitam a ativacdo de outros genes (genes tardios) os quais promovem a
replicacdo do DNA viral; a segunda fase, ou fase tardia, abrange a biosintese de proteinas
estruturais e a maturacdo do virus infectante (Russell, W.C., 2000). O primeiro gene viral a ser
transcrito é o ELA (Nevins, J.R. et al, 1979). Este transcrito primario sofre diferentes splicings que
resultam em 5 distintos mMRNAs (13S, 12S, 118, 10S e 9S) (Stephens, C. e Harlow, E., 1987). Uma
das principais fungbes dos produtos do gene E1A do adenovirus € ativar a transcri¢cdo dos
primeiros genes virais (early viral genes) durante a primeira fase do ciclo litico (Flint, J. e Shenk,
T., 1989). Para este fim, ELA tem como alvo um numero de distintos fatores de transcrigcdo
celulares. Muitos destes fatores celulares identificados até 0 momento séo proteinas que interagem
diretamente com seqiéncias especificas do DNA viral (Jones, N.C. et al, 1988).

Estudos do promotor E4 do adenovirus identificaram varios fatores de transcricdo que séo
alvos de E1A, dentre eles destacam-se: 0s membros da familia ATF (Activating Transcription
Factor), os quais compartilham similar ou idénticos elementos de ligacdo ao DNA (TGACGT) e
que fazem parte de uma classe de fatores de transcricdo denominada bZip; Oct-1, um fator de
transcricdo eucarioto ubiqgiamente expresso que reconhece o octdmero ATGCAAAT; Spl
(Specificity protein 1), um fator de transcricdo que possui especificidade para a sequéncia
GGGCGG e EA4F, proteina humana envolvida na regulacéo do ciclo celular e que se liga ao motivo
TGACGTTAAC do promotor E4 (Jones, C. e Lee, K.A.,, 1991). Para nossa admiracdo foi
intrigante saber que HBx pode também regular a funcdo de ATF (Choi, C.Y. et al, 1997), Oct-1
(Antunovic, J. et al, 1993), Spl (Gomez-Gonzalo, M. et al, 2001) e muito provavelmente, como
sugere nosso estudo, a E4F. E mais, que a proteina HBx pode parcialmente substituir a funcdo do
gene E1A durante o processo de infec¢do do adenovirus (Schaack, J. et al, 1996).

Muito curiosamente, ATF, E4AF e E4PB4 (E4 Binding Protein 4) (Cowell, 1.G. et al, 1992),
um fator de transcricdo humano caracterizado como bZip e relacionado com a sobrevivéncia e
apoptose celular, resposta inflamatoéria e mecanismos cicardianos (Cowell, 1.G., 2002) reconhecem

a mesma sequéncia de DNA. Para nossa surpresa, um grupo que pesquisou fatores de hepatocitos,
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com capacidade de se ligar a seqiiéncias de DNA do enhancer Il do HBV, descobriu E4BP4
interagindo com a regido compreendida entre os nucleotideos 1640 a 1663 do genoma do HBV
(Ishida, H. et al, 2000). Ao alinharmos as seqliéncias reconhecidas por E4F e E4B4 com a esta
regido do genoma viral, observamos uma homologia entre as sequéncias. A descoberta nos
conduziu obrigatoriamente a questionar se E4F poderia ligar-se ao DNA do HBV via seqiiéncia do

enhancer Il e se HBx estaria de alguma forma exercendo um efeito regulador em E4F.

E4F interage com enhancer Il do HBV

Para esclarecer se E4F também seria capaz de reconhecer o DNA do HBYV, optamos por
empregar ensaios de ativacdo da transcricdo baseado no sistema de mono-hibrido. Com este intuito
construimos leveduras recombinantes que tinham em seu genoma o gene repérter LacZ sob o
controle do promotor E4, usado como controle positivo ou a seqiiéncia do enhancer 11, para teste.
Os testes mostraram que E4F selvagem também é capaz de reconhecer o enhancer Il do HBV,
embora com menor afinidade quando comparado ao seu sitio de ligacdo ao DNA do promotor E4.
Aqui cabe reafirmar que outros pesquisadores evidenciaram que E4F, quando completa, exerce um
efeito repressor da transcricdo (Fajas, L. et al, 2001), possivelmente por ligar-se ao DNA e impedir
a montagem da maquinaria de transcricdo, fato que ndo foi observado com o fragmento pSOE4F.
Para verificar se HBx apresenta alguma regulacdo na interacdo de E4F ao DNA, empregamos
novamente o experimento de ativacdo da transcricdo baseado no sistema de mono-hibrido.
Observamos que a presenca de HBx no sistema diminui a ativacdo do gene reporter em
aproximadamente 50%. Poderiamos concluir que HBXx agiria de forma similar ao produto do gene
E1A, que inibe o efeito repressor da proteina E4F no promotor E4 e dessa forma possibilita a
transcricao dos primeiros genes do adenovirus.

O enhancer I, presente no genoma do HBV, foi caracterizado por estimular a transcricdo de
SP-1, SP-Il e X, ha porém fortes evidéncias que a transcricdo do RNA pré-genomico também seja
dependente da presenca deste elemento (Lee, J.H. e Rho, H.M., 2001). Sabe-se ainda que E4F
completa (p120E4F) é a forma mais abundante dentro da célula. Essa proteina, supressora da
transcricdo, poderia associar-se ao enhancer Il e inibir o processo transcricional do HBV. Neste
contexto especulamos que HBXx, ao interagir com E4F, diminuiria o efeito repressor,
proporcionando desta maneira 0 prosseguimento da replicacéo viral no hospedeiro. Paralelamente,

a inibicdo desta proteina por HBx poderia acarretar alteracdes no processo de regulacdo do ciclo

82



celular, funcéo sobre a qual E4F parece exercer forte influéncia, resultando em uma acelerada

proliferacédo das células infectadas com HBV.

VI - Conclusdes

A proteina HBx apresenta alta insolubilidade em sistema procarioto de expresséo,
entretanto processos de purificacdo e renaturacdo permitem obter a proteina com alto grau

de pureza e biologicamente ativa.

Mostramos neste trabalho que HBx pode interagir com RNA rico em adenina e uracila.
Ensaios de EMSA mostram-se reprodutiveis, rapidos e confidveis como método para testar
a funcionalidade da proteina produzida em E. coli.

A geracdo de proteinas truncadas possibilitou mapear sitios de ligacdo de HBx ao RNA e
mutacbes pontuais nos residuos de cisteinas permitiram avaliar a funcionalidade da

proteina viral em condi¢des experimentais.

As substituicbes das cisteinas por serinas reduziram a interacdo de HBx com RXR e
inibiram completamente a interagdo com UV-DDB1, mas néo alteraram a capacidade de
interagir com E4F, p53 e RNA AU38.

Os dados de CD e NMR nos mostraram que a proteina HBx apresenta uma estrutura nao
uniforme e com variacao nas estruturas secundarias em condi¢fes experimentais, sugerindo

uma proteina flexivel que possivelmente ajusta sua estrutura conforme o substrato.
O ensaio de duplo-hibrido selecionou E4F como uma nova proteina capaz de interagir com

HBx. A proteina E4F foi capaz de reconhecer e ligar-se com o enhancer Il do HBV e

ainda, a presenca de HBx no sistema inibiu a ligacdo de E4F ao DNA viral.
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VI1II - Anexos

Tabela 1 - Oligonucleotideos desenhados para a manipulacdo de genes, clonagens, mutacdes, geracdo de
proteinas truncadas e sequenciamento.

Nome

Enzima de

restricdo

Sequiéncia

Oligonucleotideos para a manipulacdo do gene de HBx

cBHX-AS-pBTM Sall GCGGTCGACTTAGGCAGAGGTAGGAAAG

cHBX-S-pBTM EcoRI CGCGAATTCATGGCTGCTAGGTTGAGCTGC

PET-X-AS Xhol GTTCTCGAGT TAGGCAGAGGTGAAAAAG

PET-X-S EcoRI ACGAATTCCATATGGCTGCTAGGTTGTGCTGCC

X-MUT-AS BamH]I CGGGATCCTTAGACCAATTTATGCCTACAGCC

X-MUT-S EcoRI/Ndel GGAATTC CATATGCGTCCCGTCGGCGCTGAATC

X-GST-S BamH]I GCGGATCCTTGAGCTGCCAACTCGATCCTGCGCGG

X-GST-S2 BamH]I GCGGATCCGAGACCACCGTGAACGCCCAC

X-GST-AS EcoRI. GCGAATTCTTAGGCAGAGGTGAAAAAGTTGC

XWV-AS3 EcoRl/Xbal  TGGAATTC TCTAGATTATTAGCGACGTGCAGAGGTGAAGCG

XWV-AS2 EcoRI/Xbal  TGGAATTC TCTAGATTATTAGACCAATTTATGCCTACAGCCTC

. GCACTGAAGCTTGGTTCTGGTTCTGGTGACGACGATGACAAGATGGCTGC

XPWW-S HindIll TAGOTTGTGG
AGTCTCTAGATTATTACTTCTCGAACTGTGGGTGAGACCAGGCACAGGTG

XWST-AS XBal AAAAAGTTO

HBX LS HindI i1 GCACTGAAGCTTGGTTCTGGTTCTGGTGACGACGATGACAAGATGGCTGC
TAGGTTGTGCTGC

HEx.48.S HindlIl GCACTGAAGCTTGGTTCTGGTTCTGGTGACGACGATGACAAGGACCACGG
GGCGCACCTCTCT

HBX.80.S HindIil GCACTGAAGCTTGGTTCTGGTTCTGGTGACGACGATGACAAGGAGACCAC
CGTGAACGCCCAC

HBx-154-AS XBal AGTCTCTAGATTATTAGGCAGAGGTGAAAAAGTTGCATGG

HBx-78-AS XBal TGGAATTCTCTAGATTATTAGCGACGTGCAGAGGTGAAGCG

HBx-142-AS XBal TGGAATTCTCTAGATTATTAGACCAATTTATGCCTACAGCC

Oligonucleotideos para mutacdes pontuais no gene de HBx

C26 Nde | CGGCATATGCGTCCCGTCGGCGCTGAATCCaGCGGACGACCC
C61 CGGACTCCCCGTCaGeGCCTTCTCATCTGC

C61 AS GCAGATGAGAAGGCYCtGACGGGGAGTCCG

C69 CTCATCTGCCGGACCCaGTGCACTTCGCTTC

C69 AS GAAGCGAAGTGCACtGGGTCCGGCAGATGAG

C115 GGCATACTTCAAAGACTCTCTCTTCAAAGACTGGGAGGAG
Cl15AS CTCCTCCCAGTCTTTGAAGAGAQAGTCTTTGAAGTATGCC
C137 BamH|I CGGGATCCTTAGACCAATTTATGCCTAgAGCCTCC

Oligoribonucleotideos utilizados como sonda para ensaios de EMSA

AU-38 GAUUAUUUAUUAUUUAUUUAUUAUUUAUUUAUUUAG
AU-21 UUAUUAUUUAUUUAUUAUUUA

AU-21 Mut UUAUUAUAUAUAUAUUAUAUA

AU-11 UUUAUUUAUUA

poli U (25) UUUUUUUUUUUUUUUUUUUUUUULU

poli A (25) AAAAAAAAAAAAAAAAAAAAAAAAA

poli C (25) CCCCCCCCCCCCCCCCCCCCCeece

poli G (25) GGGGGGGGGGGGGEGGGGGGGGEEE

Oligonucleotideos para clonagem e geracéo de proteinas truncadas E4F

E4F-S

EcoRlI

GGCGGAATTCCCATGGAGGGCGAGATGGCAGTGC

E4F84-S

EcoRlI

GGCGGAATTCCCCGGGCCCCTCCGGAGGCCCTG
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E4F173-S EcoRlI GGCGGAATTCCCCTCGCAGGGGAGGGTGAGCAGG
E4F263-S EcoRlI GGCGGAATTCCCCTGACCCGGCACCTCAAGTCTC
E4F428-S EcoRlI GGCGGAATTCCCGCCTCAGCGGTGCCCAGGACC
E4F-AS Xhol GGCGAGCTCCTAGACGATGACCGTCTGCACC
E4F262-AS Xhol GGCGAGCTCTTATGCACCCGACTCCCGGAAGCT
E4F486-AS Xhol GGCGAGCTCTTATGAGCCCTTCTCTCGGAAGCC

Oligonucleotideos para geracdo de leveduras transgenicas

AATTCTTGCCCAAGGTCTTACATAAGAGGTTGCCCAAGGTCTTACATAAG

Enhll-S EcoRI AGGTTGCCCAAGGTCTTACATAAGAGGC
TCGAGCCTCTTATGTAAGACCTTGGGCAACCTCTTATGTAAGACCTTGGE

Enhll-AS Xhol CAACCTCTTATGTAAGACCTTGGGCAAG

E4S EcoR| AATTCATGACGTAACATGACGTAACATGACGTAAC

EAAS Xhol TCGAGGTTACGTCATGTTACGTCATGTTACGTCAT

Oligonucleotideos para sequeciamento

PBTM-AS

CAACCTGCAGCCTCAGTAAATATCTGTTAAGGA

PBTM-S AACAACGTCGACCTGCGGAGCTCAGTTACAGCTTG
ScrAmp-S CTATTCGATGATGAAGATACCCCACCAAACC
ScrpAmp-AS GTGAACTTGCGGGGTTTTTCAGTATCTACG

T7 TAATACGACTCACTATAGGG

T3 AATTAACCCTCACTAAAGGG

pET-S TAATACGACTCACTATAGGG

PET-AS GCTAGTTATTGCTCGGCGG

PLacZi-S CTGTTCGGAGATTACCGAATC

Gal4 TACCACTACAATGGATG

Tabela 2 - Solucges, tampbes e meios de cultura

Nome

Componentes

solugdo Anodo |

300 mM Tris-HCI pH 8,0, 20% metanol

solug&o Anodo |1

25 mM Tris-HCI pH 8, 20% metanol

solucdo Catodo

25 mM Tris-HCI pH 8,0, 20% metanol, 40 mM &cido -caproico

solugcdo coomassie blue staining

solucdo de descoloracdo

50% (v/v) metanol, 10% (v/v) &cido acético e 0,25% (v/v) Commassie
Blue
12,5% (v/v) metanol e 5% (v/v) acido acético

solucdo desnaturante 6M guanidina

50 mM Tris-HCI (pH8.0)e 6 M guanidina-HCI

solucdo desnaturante 8M uréia

50 mM Tris-HCI (pH8.0)e 8 M uréia

solucdo EDTA

0.5M EDTA (pH8.0)

tampdao OPA (One-Phor-All Buffer Plus)

100 mM Tris-acetato (pH 7.5), 100 mM acetato de magnésio e 500 mM
acetato de potassio

tampao 10mM Pipes (pH 6.0)

10mM Pipes (pH 6.0)

tampédo 10mM Tris-HCI (pH7.4)

10mM Tris-HCI (pH7.4)

tampdo Al 10 mM Tris-HCI, 100 mM fosfato de sédio, 8 M uréia, (pH8.0)
tampédo Bl 10 mM Tris-HCI, 100 mM fosfato de sodio, 8 M uréia, (pH 6.3)
tampéo BS PBS e 20mm imidazol

tampéo ClI 10 mM Tris-HCI, 100 mM fosfato de sodio, 8 M uréia, (pH 4.5)
tampéo CS PBS e 200mm imidazol

tampdo citrato-fosfato

Acido citrico e 50mM Na,HPO,

tampéo de amostra

50 mM Tris-HCI (pH 6,8); 2 mM EDTA,; 1% (w/v) SDS; 1% (w/v) B-
mercaptoetanol; 8% (wi/v) glicerol; 0,025% (w/v) azul de bromofenol

tampao de corrida TBE

1 M Tris base, 500 mM acido bérico, 10 mM EDTA

tamp&o de corrida Tris-Glicina

25 mM Tris base; 250 mM glicina; 0,1% (w/v) SDS

tampao de didlise

10 mM Pipes (pH 6.0)

tampao de eluicdo BG

50 mM Tris-HCI (pH 8.0) e 10 mM glutationa reduzida
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tampdo de extracdo

50 mM Tris-HCI (pH 8.0), 8 M uréia ou 6 M guanidina-HCI

tampao de lavagem 1

50 mM Tris-HCI (pH 8.0), 5 mM EDTA, 3 M uréia, 1% Triton X-100

tampao de lavagem 2

50 mM Tris-HCI (pH 8.0), 5 mM EDTA,

tampao de lise

50 mM Tris-HCI (pH 8.0), 5 mM EDTA, 5 mM DTT, 1 mM PMSF

tampéo PBS

137 mM NaCl, 2,7 mM KCI, 10,1 mM Na,HPO, e 1,76 mM KH,PO,, (pH
7.4)

tampédo PGDE

25 mM Pipes, pH 6, 50 mM KCI, 80 mM NaCl, 1 mM EDTA, 7 mM 2-
mercaptoethanol, 0,1% Triton X-100, 5% glycerol

tampédo TAE 40 mM tris-HCI, 1 mM EDTA, pH 8,0

tampao Taq DNA Polimerase 50 mM KCI, 1,5 mM MgCl,, 10 mM Tris-HCI, (pH 9.0)

tampdo TBS 1X 20 mM Tris-HCI, 150 mM NaCl, pH 7,2

tampao Tris pH 8,0 Solugo estoque 0.5M Tris-HCI (pH 8.0)

meio SOC 0,5% extrato de levedura, 2% peptona, 10 mM NaCl, 2,5 mM KClI, 10

mM MgCl,, 10 mM MgSQO,, 20 mM glicose

meio LB (Luria-Bertani)

1% de peptona, 0,5% de extrato de levedura e 0,5% de NaCl

meioYPD

1% extrato de levedura, 2% peptona, 2% glicose

tampéo de ligacdo EMSA

50 mM de acetato de potéssio, 5 mM de Tris-HCI pH 7,5, 5 mM de
acetato de magnésio, 10 ug/ml de BSA e 4% de glicerol

tampéo de Cross-Linking

20 mM Hepes, 10 mM MgCl,, 60 mM KCI e 10% glicerol.

solucéo de blogueio

5% de BSA e 0,1% de Tween-20 em tampédo TBS 1X

Lista de Abreviacdes

A Adenina

Aa aminoacido

AD dominio de ativagdo (Activation domain)
APS persulfato de amdnio

ATP adenosina 5'-trifosfato

BD dominio de ligacdo (Binding domain)

BSA albumina bovina sérica

CD Dicroismo Circular

D,O agua deuterada

dATP 2'-deoxiadenosina 5'-trifosfato

dCTP 2'-deoxicitidina 5'-trifosfato

DEPC dietil-pirocarbonato

dGTP 2'-deoxiguanosina 5'-trifosfato

DISC Complexo sinalizador indutor de morte celular
DNA acido desoxirribonucléico

DOTAP N-[1-(2,3-Dioleoyloxy)propyl]-N,N,N-trimethylammonium methyl-sulfate
DTT ditiotreitol

dTTP 2'-deoxitimidina 5'-trifosfato

EDTA acido tetra-acético dissddico (etilenodinitrilo)
EMSA Ensaio de retardamento de migracdo em gel
FPLC Fast Purification Liquid Chromatography
GST glutathione-S-transferase

H Histidina

HBSS Hanks Balanced Salt Solution

HBV Virus da Hepatite B

HCC Carcinoma Hepatocelular

HBC Virus da Hepatite C

IPTG isopropil-p-D-tiogalactopiranosideo

kb Quilobases

kDa Quilodaltons

L Leucina

LB Luria Bertani
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mA
MCS
MOPS
mRNA
Ni-NTA
nm
NOESY
nt
ODgoo
ONPG
ORF

pb

PCR
PDB
PEG

pH

PM
PMSF
ppm
PTP
PVDF
RMN
RNA
rpm
SDS
SDS-PAGE
TOCSY
Tween 20
U

UTR
uv

W

YNB

mili-Ampére

sitio de clonagem mudltipla (Multiple cloning site)
acido 4-morfolino propano sulfénico

RNA mensageiro

acido niquel-nitrilotriacético

nandmetro

Nuclear Overhauser and Exchange Spectroscopy
nucleotideo

densidade 6tica a 600 nm

o-nitro fenil -(-D- galactopiranosidico (ONPG)
Open reading frames

pares de base

reacdo de polimerase em cadeia (Polimerase Chain Reaction)

Protein Data Bank

polietileno-glicol

Potencial hidrogenibnico

Peso molecular

Fluoreto de fenil metil sulfonila

Partes por milhdo

Complexo da transi¢do do poro
Fluoreto de polivinila

Ressonancia Magnética Nuclear

Acido ribonucléico

Rotacdes por minuto

Dodecil-sulfato de sddio

SDS polyacrylamide gel electrophoresis
Total Correlated Spectroscopy
Monolaurato de polioxietileno (20) sorbitano
Uracila

Regido ndo traduzida

Ultravioleta

Triptofano

Yeast nitrogen base
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