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ABSTRACT

Hepatitis B virus (H8\/), tho~ virus d tho~ fwniIy,

induces chronic liver disease in~ 5% of the gIcIbat population 8nd is

acauseofincurllblehopotoc»llulor_(HCC). lho_""'odwith

woodchuck hepatitis virus (WHV) has been yalidMed .. the molt "alUlibie natlnI

model of HBV infection, npociaIly in tho _ d practical in lIUo systems !of

HBV investigations. Although HBV end WIfV.. primarily hepoloIropic, they also

infect the host lymphatic Iystem. lho IigniIiconce d _~ inloction in

the establishment..-.d progrMIfon of IiYtr diHaM ill.Iilnown. 'T'herefClre. it wcukt

be highly advantageous \0 deYekJp ., in lP"im celt Q.I/hn system in order to

investigate the interaction of hep8dnaviuI <*ived from lymphoid cetll with host

hepatocytes. This intlll'8dion Should not be complicated by host imm.....

survemance directed against the Wus. The rnIIin objectivu of this study were to

design and establish en in wro__ system. !of tho propaglllion d WIfV

in hepatocytes end~cell end to irweIligeIe tho ability dviruadetNod tan

lymphatic cells and S«LaTl to replicate in aJIb.nd woodc:tu::k hepekqtes. .... this

wOO<, both c:ultured_,- to be IUIClIptibleto WHI/

infection and conditions for short-term~ of wtN in cu!tured lymphoid

cells were established. In 8ddition, highly sensitive methods for the detection of

WHV genes, replalive form. of the genome end virus antigens in in vitro infected

woodchuck cells were adopted Ind valtdated.



Tho obtained.-provide, lor the _ lime. dinM:t in IIIln> _ thot

WIN released by _ty _ IympIloid cell. i. irnc:tious to the ho.t

hepatocytes. The data indicate that lymphoid cells in the spleen constitute a site

where infectious virus replicM_ with higher effICiency then in ciraJlating lymphoid

cells. F_. ~ was II-.. thot WIN originating from IympIloid cell. could

be passaged seri8l1y through c:uII.nd hepeIocytea .-1d remain infective to • virus­

naive woodchuck. These IIlq)triments c:IemonItr-.cI thM the virus continues to be

biologically adive in both in vitlO 8nd in vivo conditions. Finally, preliminary

experiments indicated that replication c:A Wt-N tn the hepatocyte culture system

could be suppressed by the Il'O-01_lea to the N4ennina1 domain 01 the

WHV large envelope~n or by 0 synthetic onologuo __ from tile putative

WHVcell binding oM 1 (CBS1). lhio_ng ouggootothotWINCBS1 ploys on

important role in virus-hepatocytl ....eraction.

The woodchuck hepatocyte culture system developed in this work will serve

as an important tool to study the earty events in WHV infedton end replic8tion, the

effects of the celkJlw' miaoenYironment on intection and genetic variation of the

virus, and for evaluation of novel~ agents.
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CHAPTER ONE: INTRODUCTION

1.1 VIRAL PATHOGENICITY.

1.1.1 AbrielhlalO<l.._ground.

The conc:ept that certain di...... C8I"I be transmitted between affected and

healthy hosts evolved 81 eerty .. the fourth century B.C. when Aristotle wrote that

•...dogs suffer from madness. This causes them to become irritable and all animals

they bite become diseased". This disease is now known 8S rabies (Steele, 1975).

The role of microbial pathogens in human and animal diseases, however, was

established much later in the nineteenth century. It began with Louis Pasteur, who

formulated between 1857 to 1865 the germ theory saying that: "each fermentative

process could be traced to. specific living microbe" (Koprowski & Plotkin, 1985).

Later, when laboratory tectlniques allCHied for the isdation ofsingle bacterial celli,

Kock and Henle devised 8 set of postulates to test if a specific agent caused a

particular disease (Evans, 1976). The postulates stated that: "'the inaiminatlld

agent can be cultured from the disease lesions, the organism C3'1 be grown in pure

culture, the organism reproducee the disease when introduced into., appropri8te

host, and the organism can be cutbnd from the experimental disease".

The idea of pathogenic viruses was esserQally conceived by three men who

were working independently; Mayer, IvanoVlky, and Beijerink who discovered

filterable agents that cause di..... in pa.-a. Beijerink discovered that the filtrates

of the sap of tobacco plants infected with the tob8c:co mosaic disease can cause

disease in other healthy plants. Thus, the name ·virus· (which means ·poison- in
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latin) was used 10 doIctibo rnicrobioI '*'- .,. comet be~ by

filtration (Knight, 197.). ThislannwasUMdlOdoIctibo'fi_",*,-for

many following yeoro (levine, 1996). k was only """" 1aI.., in the -moth

centl.Xy, that viruses ....... defined .. infec:tive egerD~ depend on Irving hoM

cells fO( their repiication (lydlo & NorTI>y, 1976).

Yellow feV8f was the first hulT*1 di..... shown to be caJS8d by a Yirua

transmitted via mosquitoes (Reed, 1902). Since then, with the devlk)pment of

modem laboratory ted'lrliqlal, many otherviruMI ...... isolated and identifted (i.•.•

1400 different 'liN'" have bMnclassified up to 1989; Brown. 1989). One afthe

most il'J1)Ortant discovwies was the finding that vinJles can cause malignant

tumours. For exampfe, theonc:ogenic~ofthe Rous san::omavirus hasbMn

shown in c:hid<enl (Rous, 1911). Among Yiru....lIIiding hunans, herpes_,

papovaviruses (i.'., SV40 WId plpiUomNlus), tuMn T~I leukemia virus-1

(HTlV-1) and hopIoIilil 8 virus (H8V) __ lo<RllO be conc:erous (8er'jomin &

Vogt,1990). Advn:os .... the pastfatyyeoro in the field ofimnu1ology.l_

for the identification of YO antigens Ind -'YIiI 01 their contributions to the

immunopathogenesis of viral infeclions. On the other Nnd, deYeIopmenta in

molecular biologiCilI technique. enabled (e.g.) the Il'\IIlysis of viral genomic

organization, virus.ohost interactions, and mec::hllnisms of celi injury and

oncogenicity. In recent years, there has Ilia been an upansion in ~I.,.

genetics which led to the engineering d recombirwlt viruses Ind geneti<3lly



modified animals, providing~ tools for the detailed understanding of the

mechanisms of viral replication and pathogenicity.

1.1.2 Generaaatructun Mel taxonomy of YlNHI.

Viruses can eittwbe envetoped or norHN'Iveloped and contain DNA or RNA

genomes. In comparison to non-erweioped viruset, enveloped virions heve ijpid

bilayer membranes acquired through budding from the hosts' eel membrane. In all

viruses, a capsid consisting of. protein she&11l.I'TCU1ds the viral nucteic acid. The

lerm nucleocapsid is used to describe the protei~cornpfex of • virus

(Harrison, 1990).

The Intemalionlll cemmitt.. on VINI TlIl<OnOfIlY (leTV) has cI_1ed

viruses according to descending hier8rc:hic81 levels of order, family, subfamily,

genus and species. Lower hiltfWChical levels inctude subspecies, strain and

variant. All ViNS families have the -viridae sutrlX and members of a family shrn a

distinct morphology, genomic organizlliion, replicative strategy and a common

evolutionary origin. For example, the name HepadnBviricIae indicates that all

members of the family we hep8totrcpic and have. DNA genome. In 1996, there

were 55 families with 168 generII of viruses. In addition, there were 23 "floating­

genera that have not been ISS9"8d to a family (Pringle, 1998).



1.1.3V1 ___

The majority 01__• very limitod Ma -.I ti.... spocificity

'Nhich is defined .. YiraI trapiIm. .,,~,ml tropism i, detwmined by two

interacting factors; ...-liI8(lj _ tho Ma coIluiar roc:eplor(l) thot.
recognized by these 1ite(1). The virlil IttKhr'lw'It ,it. is a moi«:ute uaualty

expressed on the 0lA.. aurfaoe d the virion pertide. either on the envelope of

enveloped viruses or on the capstd fA non-envetoped viruses. It is typically

composed of. singl. polYJlOlllido or its fnIgmonl. or••_ by 0<\8C0nl cIomoinl

of different viral polypeptides. Vol attKhment lit.. IPpe8r to be conMI'Ved as

long as the viruses maintain the ..".,. holt and tissue tropism. This i. even true

for viruses thet potMA high ITIJtItion rat... aud1 .. the influenza virus (weis et

ai, 1988). For some viruIes, the spocificity d suc:tI vnt IIbchmInt site, allO

depends on tho sec:ondory-.ltortiary proloin 1trudlnS. Somo virol_

sites require aetiY8tion by ptoteaIM of either holt or viral origins to be 8bIe to

interact with tho torJlOlod Ma.- (Klonk & Gorton. 1994). For 0X8I11li0,

proteolytic modfficetion d virion 1l..ff8ce"10~to be required for woodchuck

hepatitis virus (WHV)-c::etl interaction (..Section 1.7.5).

In addition to vi...1 8ttaehrnent lites, "*ly enveloped viruses POIHSS

surface glycoprotein, thet mediate the fusion of vir1ll proteins with host plall'Nl

membranes. These fusion proteins often require ectivation by holtprotease.which

mediate a protein conJormationIlI structure1trtJult'~ at specific amino Ildd



sequences (Nagai, 1993). For __, Ih8 F. g1ycop<otain of tho N8WC8StiB

disease virus is converted to the fusion protein F1 through the proteolytic lysis of the

N-terminus portion of the protein 81: • pal'ttcul..a-ginine located in a clusterofbasic

amino acid residues (Nagai, 1993). This proteolytic digestion exposes.

hydrophobicslretch believedtobethefuston dom8in that mediatescell penetration.

For some viruses, cellu. endoproteases (furinI; enzymes k»c8ted in the GGgi

apparatus) capable of the activation of Vtl'uS fusion have been identified (Klenk &

Garten, 1994). It is believed that their presence determines viNl tropism and

pathogenicity.

Viral receptOf'S ere plasma membrane mofecuIas that usually nave other

important physiologtcal functionI. The.. receptors play • aitical tole in the

attachment and entry of virus into host cells and detennine vi,.. infectivity. Some

examples of viral receptors .-e: the n8lSCIfIaI and lymphoid cell lJ.-adntnergic

receptor (Co et aI., 1985) and the epidermal growth factor receptor for reoviruses

(Strong et 8/., 1993), Ih8 C04 roc:opIor for humanI~ ,IOJs (HIV)

(Daglalsh et al., 1984), and Ih8 CR2 _lor Epstain-Batr ,lnJS (McClure,

1992). Although ,iOJS roc:opIOtS haw most oftan b8en found to be protolns, lipids

and carbohydrates can also serve as cell virus binding sites, such as

phosphatidylinositol, phosphatidylserine and GM3-ganglioside for vesicular

stomatitis virus (Mastromarino et aI., 1987), n sialyloligosaccharides for the

Sendai virus, Newcastle disease virus (Paulson et aI.. 1979) and influenza virus



(Rogers, 1986). In addition. high _ WlliUhl-ydrotoo witho~

biochemical structurel, such as heparan .utfet. end heplrin-like

glycosaminogly<:ans ho.. bMn shown to modiotolow oIIinily ottoehmont of horpoa

simplex virus and pseudonlbies virus to susc:eptible ~IS, respectively (WuOll'V'l

& Spoar, 1989; Mettonloil." 01.,1990). More r-.tJy, two high oIIinily herpes

virus binding proteins, herpeavirulentrymedilltOr(HVEM; MontgomeryetaJ., 1996)

and poliovirus receptor-retllted protein 1 (Pm; Geraghty et .,,, 1998), were

reported.

Viruses can also bindlo acellu_ raceptorthrough an intermediate moleoJHt

(Nathanson, 1997). Antiviral antibodtes are one group of such mtermediate

molecules that enhance vinJs...aH1 intw1Ictions through the opsoniDtion of virions.

The Fe fragments of these antibodies Cln bind to the Fe receptors on the target

cells and facilitate virus entry. This was demonstr8ted for dengue virus (Halstead,

1988) and tater for the West Nile virus (Petris et aI.• 1981). Some ViNSeS require

more than one receptor for viral attachment and entry. For eX8l'T\PHt, the CXCR4

chemokjne receptor .-xl the eeRS chemokine receptor were found to function as

co-receptors along with CD4 for the fusion of T-tropic or M-troptc HIV viruses,

respectively (Oberlin et aI., 1996; Cragie .t III., 1996). More recently, the

coxsackievirus A21 was found to require both the decay-accelerating factor (OAF)

membrane molecule and the intraeellullar adwsion rnoIeaIIe 1 (1CAM-1) for cell

ontry (Shafron 0101., 1997).



Following interaction between the viral attachmert site and its receptor, pH

independent virus entry into the cyt~asm il usually by direct fusion with the

plasma membrane or by receptor-mediated endocytosis (Marth & Helenius, 1989).

Viruses such as HIV (Stein 0/01., 1987) _ humen cytomegalovinJs (Tugizovo/01.,

1994) fuse with pl8smo _ones at pIlysiological pH (pHi~ fusion),

while viruses suchasflaviviruses(~ph& Stollar, 1990) and influenza viruses

(Stegmann et ai., 1985) fuse with the host plasma membrane within endosomes at

acidic pH (pH dependent fusion).

1.2 VIRAL HEPATITIS.

Viral hepatitis is a systemic infectM)n affecting predominantly the liver &hat is

characterized by hepatocyte necrosis, tymphomononuclear cell infiltrati)nl, and

liver cell regeneration. Vi,..1 hepatitis can hew distinct cliniC81I outcomes: (1)

asymptomatic infection, (2) acute '-litis, (3) fulminant hepatitis, and (4) chronic

hepatitis.

Individuals with asymptomatic infection have no or very mild manifestations,

such as fatigue and flu-like symptoms. This type of infection is USI.8Ily identified by

coincidental blood lesting. In the case of ~tomaticinfection, four phases can

usually be identified: inaJbalion perlod, preicterus, iderus .00 convalescence or,

in some cases, chronic infection. The incubation period is often asymptom8t:ic,

although cirDJlating viral markers (i.e., viral nucleic acid) and bkX:hemical



indicators of liver dIrnege (ie.,~ IlIa"Iine ."..1OtJ......... [ALl]) ..

dot"'-. In It. _ pr-.:__,It. Ii tondor end enIorgod

and is~ by ayrl1llomI, such ulotiguo,-._ end YOl11iling. In

the ideric: stage,~Mw mono __ ayrl1llomI, including ja.ndice, higher

fever, shekingchills, ondrighl_~poin.AfterthisllCUlehepatitis __,

the mejority of patients.--end enter the c:cnvaIucenI __. The """"ining

individuals will devek)p ctvonic ~iti., • condition 'Nhich i. cauHd by both

hepatitis Band C vil'UlU. Chronic hepatiti. i. defined ... di..... lasting longer

than 6 months and can be dassifted as persistent or adive (aggreuive). These

forms of chronic liver nec:roinfIammation crl be diagnosed by histological

examinations of liver ti...... Chronic ectiYe hapetia hquentJy proQI"8I$M to liver

cin'hosis.

A rarer form 01 1_ _ is fuIminInl hepatitis, which is

characterized by very __ end rapidly prog<nsing hepatocyte neaosis. This

disease is often fatal. Initially, the patients IlAfw from symptoms simi. to 8CUte

hepatitis but the conditionWOI"'MnI quic:kIy... liverderMge proQI"8I$M to neaoIi.

which is followed by oncopNIlopoIIly (Kumer & Pound, 1992).

1.3 HUMAN HEPA11T1S VIRUSES.

Presently, there are HYen known hep8tDtropic viruaes that cause vtral

hepatitis in hl..manI. T'hIM YiruMI .. known .. A, B, C, D, E. G• .-x:I TT. The



viral slnJdure, gonomic orgonizoIian, ...... 01 onlry,~,_.-iIy01

liver inflammation differ for uch ~ U1ne viruM,.

Briefly, twpatiti. A virus (HAY) i•• non-enveloped virus with • lingle

stranded plU$osltand RNA genome belonging 10 1110__tomily. HAV

;meetion is usually Mlf~imiIing with _ dogreos oI.-iIy. For __,

infed:Kx'l of yCU'Ig~. is UIUIIIIy asymptomatic 0( mild. while infection of

children IXlder 5 years of age Md eclub oyw 50 y..-. of. ca"1 be ....... and

falal (Aile< & Masl, 1994).

Hepatitis C virus (HCY) is.""'-' bolonging 101110FIo_family_

contains a linear. pIus-strand RNA genomewith • aingte~ reading frame (Chao

at eJ., 1989). A uniquet-.. 01 HCV is its high _ 01_ inIadion, __ up

1060% of axposed indivicUIIs.. persistently infac:tad. Many of lhosa individuals

may later develop liver orrtlosis and hepatocellular carcinoma (Hee) (Koziel,

1996).

Hepatiti. 0 W'us (HOV) is .......Iting.-.d distinctive virus as ill WwMion

requires the co-irIec::tion with HBV. 'The envelope d the YM has HBV IU'faca

antigen (HBsAg) ruc:tivity. The intamal nucIeoc:apsid contains HOY spocific 6

antigen and 8 ciroJlar, viriod..Jiki RNA genome (RiZzItto et aI., 1980). HOV

undergoes RNA-dependent replication vi. • unique .~ rolling circle"

machanism (Brancll & Robortson, 1984). ThelllllonOmicstatus 01 HOY has not yet

been detenninad _ a.mlI'IIly 1110 virus i. assigned 10 its own gen.JS, DaIl_.



10

HDV infection superimpoMd on HBV infection often leads to severe chronic

hepatitis, which is usually men pve ttw1liver di.... induced by HBV alone

(Hadler at aI., 1992).

Hepatitis E virus (HEY) is. non-enveIoped YinJI with 8 singlepkJs-strand 7.5

kilobase (kb) RNA genome (Reyes etaI., 1990) and is structurally similar to viruses

of the Calciviridlle t.mily (Koonin, 1992). Infection with th~ virus is usually mild and

self·limited. For unknown reason" HEV infection in pregnant women can be

serious with fatality rates of 15--25% (Tsega 81 •. , 1992).

An enteric hepatitis F virus was c1aimecl to be identified (Deka et 8/., 1994)

but this virus was not confirmed by others (BcNtden et aI., 1996).

Another virus associated with hepatitis in hu'nans is the hepatitis G virus

(HGV), which is a RNA viNS with 25% nucleotido homology 10 HCV. Approximately

1-2 % of healthy blood don<n in C"'- may have HGV RNA. HGV _'" 10

cause 8 very mild self.timiting infection. The clinical and pathOk)gical significance

of HGV need to be determined (LiMon at III.. 1996).

Recent studies from Japan demonstrated. new hepatitis virus called the rr
virus (T1V) (Nisllizawo at aI., 1997). nvwas shown to be a non-enveloped DNA

virus which is prevalent in 12% of Japanese blood donors (Okamoto at .,., 1998).

The virus was also found in 27% of patients with fulminant hepatic failure in the

UniledStat.. (Cha~tonataJ.• l998). 1he~.igniflC8l1C8ofnvinlection

is still under investigation. It was recently reported that there was no comtlation
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_ nv ond"""",, to E hopoIitis(_ ot M.• 1999).

In addition to h DYe hepaIoCropic YiruIeI, • runber d other vil'lJlM e-'1

induce hepatitis. e.g.............. cytomegoIovirUI. _"""'. EpItein-lIerrYinJl.

measles virus, ruben. virus. 8nd~Ia.

U HEPATITIS a VIRUS (HIIV).

U.1 Hav epldemlotogy

In general, HBV is II small. enveloped DNA virus that causes liver

neaoinflammation end HCC in tunans. There ar•• least 300 million HBsAg­

reactive individuals c:tvonicalty infected with HBVwor1dwide (Margolis at 1M., 1991).

In Canada. <:onIO<VlIIivo 0Iti__that tho ptOValonce dH~

clvcnic HBV carrioro is 0.5-1.0%. with opproximoIoly 3,000 .- COOOI roportod

._ yeor (Shomlon. 1996). In__• tho YinJI is .-ty~ by

horizontal routes, such as intr8Yenous drug use, sexual contact or 0CQJP8ti0na1

."""sure. _. in highIy..-me rogions d tho WOf1d (i.•.• Asia and AIriclI).

the major route of tranamiuion i, from infected mo4hera to infanta (Ma'goIil et aI.,

1991). where up to 15% dtho total population .... HBV corrie,. (Moynord .M..
1989).

Patients chroniC8llly infec:tedwith HBV are'" risk forsignific8nt morbidityand

mortality. tt was_lhatal>out 15-25% dthom will die dcirrl10lisand HCC

(After & Mast. 1994). HBV is roported to be tho soccnd Iooding '*"" d concor
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worldwide. aft., -.y c:igor8Ite IlIlOIting (em.; & ForTWi). Despite lIVlIiill>ility

01 effective. pI<llectiveYOCCi_ intl1edewloped_. HBV-inOJceddi_

remain a worldwide ~ic health problem.

1.4.2 The natural CCU'H of HBY Wection.

The average incubation period of HBV is 75 days (P\xcell, 1994). It is

estimated that up to 70% of Idults exposed to HBV will develop asymptomatic

(subclinical) infection. The remaining (approximately 30%) will have clinically

evident liver dise•• diagnosed as acute hepatitis (Hoofnagle et aI., 1987). About

1% of these infected Mklfts w;U devetop flJrnitw1t. hepatitis, which often is tatIIl.

Most of the acutely infected patients will dinically recover from the disease

and develop appanont permonent immunity (HooInagIo e/ aI.• 1987). _.

recent studies have demonstr*ed that dinical rKOYIWY. the normaIiz8tion of

biochemical indicatcn of liver f\.nction, the disappearance of I8fU11 HBIAg, .-.d

even the rise or circulating antibodtes to HBsAg (ni-HBs) do not reflect the

complete elimination of the virus (Michalak et aI.• 1994, Rehermann et aI., 1996).

In these convalescent individuals, traces of HBV DNA and HBV particJes with

physicochemical properties limiw to those of complete virions were tdentifl8d in

the circulation up to 23 years after patients' recoYefy. In addition, transcriptionally

active HBV in periphenll blood rncnonuc:lNt cell. (PBMC) (Michalak e/ aI" 1994)

and a strong poIydonel viral-specific cytolollicT~.(Cn) response hove



13

been demonstnltodin_~lycompletely_1Ihyindividulll.(R-....nn

at al., 1996).

Individuals that eventually develop HBtAg--re8Cti~chronic HBV infection

may not necessarily have symptoms upon initial exposure to the virus. About 3Q..

50% of chronic infections begin with acute hepatitis, while the remaining patients

report no symptoms or just mild fatigue (F8Itovidl, 1991). The risk at developing

chronic hepatitis 8 is predominantly determined by the age of the patient at the time

of infection. Chronic disease oc:curs in 90% of infected infW"ltl, 25% to 50% of

children between the ages of 1 to 5 y.lrs ~, and about 5% to 10% of older

individuals (Alter & Mast, 1994). Chronically infected individuals usually have

progressive liver inflammation which often leads to liver cirrhosis (Fattovich et 81.,

1991), the most commen pnICUI$OI'ol HCC'(IIeuIey, 1988). ~ hes been estimated

that the risk of developing HCC c.1 be~m8I..ty 200 Urnes gruter in chronic

HBV carriers than in a healthy population (Beasley, 1988) and that neonates born

to infected mothers ere ot the highest risk (K8w & P_, 1984).

In addition to liver diseases. HBV can induce extrahepetie disorders due to

the deposition of immune compte.. comprised of viral antigens .-1d specific

antibodies. The pathogenic role ofthese in"lr'nulocomplexes has been documented

in glomerulonephritis (Combes et aI., 1971; NcHtosIawski etal., 1975; Slusarczyk

et al.. 1980) and periarteritis"-" (God<o et01.. 1970; Mic:halOk, 1978; MiChOIoIt

& Krawozynski, 1981).
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1.4.3 HBVatruetura.

The complete HBV particle Of -0.." particle is • double IheIled, spherical

structure that is 42 nanometer (nm) in diameter (Dane st aI., 1970) with 8

lipoprotein envelope surrounding. 22 rvn electron dense icosahedral nucJeocapsid

(Blum st 8/., 1989). k18ddition, norHnfec:tious subviral partides, which consist of

the envelope material ..produced in large qulllltitielllnd fnMtIy circulate in HBV­

infected individuals. These paf'ttdes are spheres of 20 nm in diameter or long

filaments of up to 230 nm in length .-1d they lacking capsids and viral genettc

material (Hollinger, 1996). The virus capsid enclol8l the 3.2 kikDIse (kb) circular.

partially double stranded genome, known as relaxed circular DNA (rcONA) (Fig.

1.1). This genome contains a single EcoRI restriction endonuclease site, 'Nhic:h

defines the fil"$t nucleotide in all hepednaviral sequence databases. The partially

double stranded viral genome is maintained in a ciraJ&ar form by 8 shott cohesive

overlap between the 5' ends of the two DNA strands, Each of the two HBV DNA

strands is of different length. The minus strand is complete with defined 3' and 5'

ends (Ganem, 1996) oxcept far 0 short nick region ot posnion 1846 (Chorney 0/ 01"

1979). The p!us strand is incomplete, with. variable 3'«ld, creating a single­

stranded gap region in the virus genome of about 2OO-3OO-bp long. At the 5' end

of the minus strand, there is a covalently lirMd protein and at the plus strand, there

is an attached 5' RNA oIigoribonucleotide primer. Both of these elements are

important for viral replication (see ~ow; Ganem, 1996).



Figure 1.1. Schem.tic~dHBV_wtN_. Thoinnof

circles represents the partj"ly dl:lt.tMe~ virion DNA with the first base pair

marked by the EcoR1 endonucl.... deavege .ite end IUbIequent maridng al

intervals of 400 base pa..... The positive DNA.trwId hal. dashed line to indicate

a variable 3' region and • wavy line -': the 5' .-,d to indic8l:. the CCIY8Ientty attac:hed

RNA oligonucleotide primer. The tnnJs strW'd is compfete with • 5' 8tt8::hed

protein primer (dosed cirdo). Tho btoad arrows IUIIOU1CIing the DNA _

represent viral open reading frarneI: core gene (preC .-xl C~), surr.c:a or

envelope gene (preS1, preS2 _ S regions),~ (P) _ X _. Tho

arrowheads indicate thed_d gonetranocription. Tho IongIIl dthe_ecl

protein products is shown ... runber of 8r'rino ecictI (M).
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The genome consists of 4 open reading lrames (ORFs) Of _, which

encode the 00",,1_ (S), nuc:Ieocopsid (C), polymerase (P), ond X preteins. A

unique feature of hepadnavinJ181 is thai the ORFs'.-e overlapping. For example,

the S ORF, C ORF, lind X ORF partielly over1ep with the P ORF. Thorefore, the

virus produces substantially more protein per genome ...,it when~edto other

viruses. In addition, hepadnaviraJ gene transaiption regulatOfY elements

(promoters and enhancers) IIf8Ioc:ated within the protein coding regions instead of

in separate regions of the genome. 1lv..I1, the HBV g«lOtTMI coding capability is

recognized 8S an.~. of remerkabMi genome economy (Seeger fit .,., 1991).

Produds of the S gene deri.... from three co-tranaIational regions with three

different in-phase start codons. M. resuft, the HBV ~ope proteins share 8

common C-terminus and have divergent N-termini~ are referred to as small,

middle, and large proteins. These proteins carry unique imml.NlOlogical

specificities. HO\N8V8r, they are collectively defined as HBsAg. These envelope

polypeptides are glycosylated. gMng rise to a total of six different molecular

species, with and without 8tt8Ched carbohydrates. The mott abundant polypeptide

found in HBV particles is the small protein, which exists as ~Iycosylated24

kiloDaltons (kDa) and 27 kOa glycosylated proteins. The middle protein of HBV

contains 55 extra N-terminel amino adds designated as the preS2 domain and

occurs as 33 and 36 kDe polypeptides. The large protein is longer than the middle

protein by an additional 108-119 N4ermina1 amino acids which is cal~ the preS1
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