
viii

LTR , , .. , .. , . . . . . . . . . . . . .. lung terminal repeat

LMT , .. , .. , , , low melting temperature

LB ., .. , . . . . . . . .. Luria • Bcrtuni

MgSO.l ..........•.... , ... , . , . . . . . . . . . . . . .. magnesium sulphutc

l11RNA , messenger ribonucleic add

MHBsl , ,........... truncated middle surface protein

~lg .........,......,........................,... mierngrams

1'1 , , . , . , microlitres

ml ., , .. ,., .. , " ,., .. , , .. ,' niilliiitre

m~1 , , , , ,... millimolar

... 1.".,.. I • I • • • I I • • I • • • • • I I \ I.." I , ' • , I ~ • • • • I I • I I J minus

ivl .•............. " ..•. , •..... , .... , ... molal'

Mw , , , ', , .. , . molecular weight

ng . ,.............. ,'........ . llatltlgrarn

lUll .••••..•••• ' ••••.•••••• , ., .•.•...••••••.. , .•. unnometrcs

t1RFs ., , ,. 11[1(,'11 t'('ading Ihmws

o.n, optical density ;u x l\t11

,I , ••••••••••••••••••••••• , •••• , ••• ,." •• '., ••• , •••••• pel'

I)'

. t) I • • • ~ • • ~ • • • • • • t , > • , • • , ~ • • • • , • I ' • • • , • • I \ • • • • • I I

PBS ., , , , , .. , ' ' l'hllsphatc bllt'l~'l'cd salmc

pmo] ' .. , . , , .. , .. ' , . " '.",.,. ., ,. pi\'olll()iI;s

plu , , . , , '. ., ,.',",,",' plaqll~' tillIl1inp_ units

i , ... ,',., .. , .. , ... , .•... '., .. ,""',.,." ... "..... plus

$' , .. ' , •. , , , '. """""" .,.,.,"",.,.,........ r, pnnl~:



vii

cd, """""', " .. , , . .. editor

EeL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. enhanced chcruilumincsccncc

EDTA , , " ,. ethylene dialllilj(}tc~mcc.'tall'

FI-dUTP .... ,............................ Iluorcsccin v l! - tlUTP

Fe'S ,....... . , ,., foetal calf Sl!rtnn

g ,., .... , ....• , • , . . .. ,., .•••••• , •.... ,.,.......... gl':llll'l

gil ".,",', .. , , gnp'llS per litre

g ,."., ..... " .... ,., .... , ... ' . , . . . . . .. gravitational force unit

G , , , , , .. guanosine

liB\! .... ,., .... , ..... , ... ,", .. ,', .... , ..... Hepatitis n virus

HB,Ag .. " l lcpatitis B virus c antigen

[lBsAg , " Ikpatitis H virus surface anligl.!!l

I IBxAg , , .. , . , . ' , . , .. , . , , . I lcpatitis B virus x antigen

ilCV , , "." ,.,., " Hepatitis t'virus

llce . , , , . . . . .. Hepatocellular carcinoma

lIlY , ,., .. , human immunodeficiency virus

It r "." , ', .. ,',." , ', illhibitotj' units

IPT<i "., ,... p~t).ls(lpt'oryl.thi(lgalactupy!'atlo~itlc

Kbp .. ,', ,.......................... kilobnsc pail'

).. . . . . . . . . . . ., .........',.............,........... lnmbda

UC'I .. , " ,.".,', " .. ",.,',.,. ., .. ,. lithium chloride

I ,. ", .. ,., , .. , .. ,., ,." , ,.... litre

p1l ..... , , , , . , , , , , . " lug [hydrogen ion]

r. . .. , . , , , ' , .. ,. .. lung



vi

I,JS'I'()fi ABBH.E\'IATION~1SYI\IBOLS AND {NITS

A , , . , . , , , , . . . . . . . . . . .. adenine

AFt> ........ , , , . . . .. u-fetoprotcin

et itl ...... , . ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. and others

anti J fBe . . . . . . .. . , ,. antibody against HB V core antigen

(Inti lIBs . . . . . . . . . . . .. antibody against liB V surface antigen

Ag , . . . . . . . . .. . antigen

b.p . . . . . . . . .. . , ,............... base pairs

p , . , , , , ,.,. beta

SSA . , .. , , , , .. , ., bovine S,~nlll1 albumin fraction

co, , .. ,."... . , '........ carbon dioxide

('aMV , ,.................. ('all Iiflower Mosaic Virus

em' "', , , c~!ntiml.'t~~t'ssquare

~!~l.,l I •• I ••• I •• ,.••••• I , ••• , •••••••••••• , I •• , • ~ J ••• I • eir-n

ell " . , . , , . . . . . . . . . . . . . . .. . C(It'C l't(HHotor

c , . . . .. .., .. ,., ,....... cytidine

"(' degrees Cclcius

DNA , ,.............. .., dcoxyrlhonuclcic acid

,it IT'!) I 'I'} I, , . . . . . . . . . .. ., , \ cllxYllmcl utp 11lSp HUe

DMS() ., ,........ dimcthylsultox ilk

DR ' ,...... direct repeat

ds , , ,., ,.... double stranded

D!mv ,.................... .., Duck hepatitis B virus



:1) Largou scnln partial gt'lllllnit' DNA (livritioll 55
3) Ligation of Lambda ~;tl1 arms to Tonp;!IICC

g;nuomic DNA . . . . . . . . . . . . . . . . . . . , . 55
.1) Dptnl'minatiol1 or uptimul ligation conditions 515
2) Ligution of Lumlidn gtll EcoHl arms and

EcoH.l digostod Tong/HCC DNA GO
4) Packaging of Ilgatod DNA. . . . . GO
5) 'l'Itrutlon of padmf!~ud phago ,.,., 60

1) 'l'Itrntion of positive control . . . GO
'~) Titration of 'I'ullf/;/IICC gone 1i1Jl'm'y 01
3) T'ltrution of the ampliJiud Totlg/HCC library 62

3.2 SCREENING 0(; THE TONC}/HCC CELL LINE GENOMIC LIBR<\RY 62
1) Preparation of labelled DNA V1'o1>u . G~!
2) screening fOl' integratud HBV DNA B6
3) Scx'Nming for HBV protein , . . . . 72

CHAprrER 4

DISCUSSION 74

IUWERENCES

APPENDICI~S . .
APPlmDIX A
APPENDIX 13 ..

1111
11!l
123



CHAPTER 2

2.0 MATERIALS AND IVH':TJIODS ..•...
2.1 TONG/IlCC CELT. CULTURE .

1) Culture conditions of Toug/IlCC
2) 'I'rypslnlsation of confluent cells

3} Propurution of stock cultures ....
:L2 CONs'rrHJCTION OF A 'l'ONGIHCC CELL LINE GENOMIC

Infection t • I • t f • • • # J t t ; I • I

;30
31
31
31
32

32
32

84

311

35

36

. . . . . aG
:37
:i7. , . as

38
:~H
:m

,10
·10
·10

rJIBRAItY 'J'" I • , , f , • t f • f f • :' • I

1) Isolation of Tong'meC genomic) DNA
2) Partial digestion of hlgh-moleculur-mass

genomic DNA • • . . . . . . . . . . . . . •
1) Optimizfttion of restriction endonuclease

digesticm .
2) Lunge-scale pr{~p(\t'!tti()n of purtlUlly

digested genomic DNA ....•.•
3) Ligation of Lambda gtl1 arms and E~QRl

digostocl rrollg!HC('~ DNA ........•
1) Deterrninntion {If optimal ligation

conditions . t .• I I I , • , • , • _ • t I • ,

2) Lig'Utioll of Lnmbtn. gtll urms and 10:('01\1
(ligC'stF'(l 'l.'ouglIICC DNA ...•..

4) In vitro padwgoing or Hg'lltl'd DNA .•••
5) 'Titl'ntiotl of pllekag'!1d phugo on LB l'ltttos

1) fll'tlpnmtioll of bnctoriul ('\.\ltur~..for

2) 'I'Itrution of pa(,!lmg'od 1'1U1&;(, •••••
s.s AMPLIFIC:A'l'ION OF TONG/lICC GENOMIC LIBRARY
2.,1 SCREENING OF 'l'Ill~ AMPLIFIED TONGIlICC CELL Ll:.lT·:

GENOMIC LIBRARY •...•..••.•..•.
1) Sl~l'l'nllillg fill' llltl'{!:r'Utl!ll lIB V DNA ..•..

1) Pt.'lll)ltl'atioll of lulwlkd DNA pI'lIhf' •.
1) r.m'~o scale lsolntlon of 1'1a~1I11idH
enntuining lIB V f1,'l!llOtrlllS ·10

2) Isolation of 111'obo It-om vootor . ·11
a) Lutwllillg Ill' DNA proh« ..... ·la

2) Platin~~ of p{\l'l{a~~I'd lJlmp;I' on LH plntus ·1:J
:n Pill( It\(' hlotting . . . . . • . , ,1,1
.,) lIylll'illizntiotl • . . • • . . . . . . . . . . . ·w
;,) Bll)('ltill~~ 01' uutlbudy binding . . . ,15
11) Signal gl!lwl'atinn and dl·tl·l'tioll • .1n
7) Isolatil1n and pm·ir:\·II1.inn 111'posltlvo plaqllos ,in

~!)Sct'u(lllillp,' fol' JIBV pl'utlliH , .•.. , • • • . . • . . • ,1';'
1) FiltHl' propnru tion fol' r;ut'I'I'nin~~ wi t h autlbm lk 'ii <17
2) Fill'''l.' ~Wl'I'Ullillg' with l\lltilHldiotl •. , •••• , . IH

GIIAl"rElt :l

}{14:S{ rl~rr:~'.. I • t • I • l • 1ft , ft •• t t • I I I • , •• f ••• , • ·lH
s.i CONHTH,U("L'lON (IF A TUNlilIlr'c ("ELL LINE GENOMIC LIBRAH.Y so

1) f}iolatio}\ (If' TOlllr/HCC: g'1'llllllli,' DNA ...•
:0 Pm-rinl d.igl,:;tiolt !If' high-nl!llt'I'l\hU'~mil.';H

g\'lllllnk DNA , ....•
l ) Optimization of l'l'~;h'H'tinll onrlunuoh-nsn
digl'!; non . . . . . . . . . . . . . . . . . .

50



ABSTRAc'r

DIWLARA'l'ION . . ..... -

ACKNOWLm)Gl!:MEN'l'S

f,U.)·I' OF' ABBREVIATIONS, SYMBOLS AN]) UNI'l'S

UST OF TABLES

CHAPTER 1

1.0 IN1'ROIHJCTION .
1.1 THE HEPA 1'ITIS B VIRUS
1.2 BIOLOGY OF HBV INFECTION
1.3 THE GENETIc.: OlWANIZA'l'lON OF IIBV .

1) Tho C gone
2) Tho S gOllo •
3) Tho P goml .
·1) Tho X gonE!

1,·1 REPLICATION OF HBV
1,5 HEPA'l'l'l'IS B \TTH,US INFECTION ,\ND HEPA'I'OCEL,I,:{TIII\I\

CARCINOMA •. ,' I , , , , •

1) Epidulllit)lnginnl ovic1t>tl\ ~o
1) Cllt'rnlatlon studios .
2) Cusu-cun trnl l:;tutlins
3) Cohort HtudiuH .,'

2) Molooulm' studios of IIHv'Ml'ulllh1d nee , ,
1) Studiua by southern blur hyhr'irlizutirm
,l,) Clonill!~ and spqUl'Ut'lng' Ill' hltHgl':ltntl

viral DNA ,. ,.,..

I • t ,

:n lIB V ItHall on. 'og;nnit· Vit'\\H , . , . ,
1) Iusertlouul mu tagl'll~'l;is "
~!)Chromosomul tl'ltllslu('atiullFl
3) Chromosomnl l'l'm'l'lm~;t'Ill(llltH and
delotlnn , , , •.. , ... , ..

·1) 'l'rnnsactfvutku; ..• , • , . , .. ,
1) X g;Ulll\ truusneuvurur

, •• I •••

~D'I'runcutod Pl'l' SIS l;l'llU
tl'tmmwtivatlll' . . ,

,1) 'I'heorotienl considuration« n]' tho 1ll11l'lmui:ml
of (HWO!l,'nllt'~iif; ,....

i.n 'l'IIE TONtl/IlC'C cELL LINE
1.7 AIM OF 'l'IIlS STUDY ., ..

• «.,'

i

u

iii

vi

ix

, .... .- xi

1
3
·1
5
5
5
7
7
H

1.1
12
Hl
1:l
13
J.I
15

. , , . 15. , . 17
111
l!l

10
, , , , 21

~~~~

. . Q". ~.,
:1·1
~!oi
~!!_)



v

Many thanks to Paul BOIlUOl1lHl and Fanu-, Kuhn fur help with the graphics.

The financial support of the Wits Senior BllI'Sal) is acknowledged with immense

gratitude.



;v

ACKNOWI.EDGEMENTS

My prime acknowledgement b to my parents who hay e supported me physically and

emotionally through the past three years. which wen: filled with "surprise" events.

To my husband. whose love, support and CI: couragcmcnt has been 11C\ I.!!' failing.

Thankyou for .11 your help in the preparation of this document nnd the many hours

spent "baby silting ".

My heart felt thanks to MI' John Dewar Ill!' his -ustniucd guidance. cncouragcmen:

and friendship throughout the duration of this study and without whose excellent

supervision this document would never have been completed.

My Immense gratitude is extended to my "special" parents ill law I'm all their hard

work, 10\ ~ and support.

To Craig St. John- Ayrc, friend and research partner, 1(11' the lightellli1g of dark days

and tickling of the bruin cells,

My great lab I.ompaniolls namely (ius Houwcr, Maria Pnximadis, Charles Franz, and

Sarah Sulrn, and the stair of the Dcnnrtmcnt of M icrobiology namely, Mrs Margaret

Grant, Prot: /\. Alexander, [>\'(\1', V. Whirl, ...! Pl'o[ A. \011 I lolv, Ms 1-'ol;l1i ('loctc

anti Mrs lsobel Crichton arc 1I1<1111dl111y credited till' muking my sta~ such a happy

one.



This dissertation is dedicated to my parents,

Jeremy ami Beryl Bailey.



ii

DE('I.ARATION

1 declare that this dissertation is my own. unaided work. It is being submitted for the

degree of Masters of Science in the University of lhe Witwatersrand, Johannesburg,

It has not been submitted before for any dq!' cc or examination in any other

university. nor has it been prepared under the acgi» or with the assistance of' any

other body or organisation or person outside the University of the Witwatersrand,

Johannesburg.

Catherine Patricia Bondunno

Day of HliiJL'H • !9W)



ABSTRACT

Hepatitis B virus (H8Y) inti:ctinn resulting in integration of the viral DNA into host

liver cell DNA is associated with the development of hepatocellular carcinoma

(HCc). This is indicated by epidemiological trends, molecular studies: nd studies of

animal models infected with viruses closely related to r!Bv. However, little is

known about the mechanism by which the integrated IIBY DNA induces l K'C

despite continuing analysis of the integrated HBY DNA and its surrounding cellular

sequences. The Tong/Hee cell line, a cell line established from a Hce of a 59 year

old Italian male, has five integrated HBY sequences which to date have not been

cloned and sequenced. In this study, DNA from the Tong/Ht.C (.·ell line was isolated

and used to create a gcn.unic DNA library using Lambda gt II. An initial lilnury titre

of I x 10' pfu/ml was obtained. To increase the titre. till! library was amplified and

showed a final titre of 6.R x 1(}l pfu/ml with 93° II recombinants. The Tong.!JIC,(, cell

line genomic library was screened for the presence of flBV DNA sequences with a

probe consisting. of the entire HBV genome (3.2 kb), 1:'i positive recombinants were

detected, I() of which were isolated and rescreened. Another aspect to this study

involved detecting the presence of IlBsAg scuucnces, completely OJ' partially

expressed as 11 fusion protein, using a monoclonal antibody raised against serum

HBsAg. This was performed alter the third screen. Five percent of the Imy DNA

positive recombinants reacted with the antibody. This work was performed so that

in future studies the five integrated IIBV DNA sequences and the flanking cellular

DNA in the Tong'nCe cell line could be sequenced and analysed further.
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IIBV or hl.'ll'I"I'IllgllllS viruses. The X gl'llt' p,·"dlld alsp has a p,ptl.'lIl kUIa"1.' activity

and can phosphorylate serine and threonine residues Oil both the X .. 1.'11\'O\II:dprotein

as well as 111111.'1'suhstratl's such "" histone and casein (WI! ct ul., I I)I)()).

Another functionally important element thaI has bccu idcntiflcd 11\ till,.' hepatitis B

virus genome is tWI) II hp direct repent sequences I:" TTCA( 'en '1'< i{' J')

designated I>RI and DIU, They arc approximately 2:!;,\ hI' apart and playa critical

role in viral DNA rcpticmion. The 5' end o]' the I H sunnd lies within DR I and the

5' end of the S( 'f-I strand is ill till' :v boundary Ilf DR2 mo.SI,,'I.'I1it! HglIl\' 1,1

(Molnur-Klmbc; 1.'1 al., 19X,k Seeger ~'I al., 1')XCl),

Research has revealed tluu the HBV gCt1I1IlK' has .~ RNA polymerase .. dl.'Pl\tllil:nt

promoters, II ill lid; the I,~\'surnl\'·i.' gene 1'1'0111\11\,'1', SP I. th~ SIII'HlCl' gene promoter,

SPII. and the core promoter, ('I' ('allilllcll 1,'1"1.. [\)K~~ Rail \'1 al .. IIJIU; Lauh and

Trclnln, 19H7; Yuuinnmu and [\uikc, I t)KI)),

Also present are two tissue specific l'llh;llln'r", l.lallll~I.'1 and Siddiqui, !l)!\(l; Shaul ct

al., II)X~;; YI.'e. J I)HI». 1\ ldllnh,\lrtit'(lid"l\'''p(ll\si\\~ 1\'!HtlaloI'Y clement (TlI!'"Kaspa,

J 9!Hl) and the cllns\"r\~'d hcxauucleond, -, 1:\1:\..\.'\. whil'll play .. it role in the correct

polyudcnylution and prowsSIIl[!, {>I' l ll!v' RNA lrall),l'ripl~ ( Iancm and Vurmu»,

I \)H"!),

1.4, ttl'plication (If nnv

The unusual rcplicution ';tl'alq.': Ill' Ill-1\' wa:- lin.! d~'tl'rllinl'(l in DllB\' (S1Il1l1ll~'IS

and Mason, I\)!<;~;Masllll l't nl., jll~(~) and lalvl' t'tlllllmwd till' liB\' IBlum d al ..

, thai of other ON A \ iruscs
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the S region alone ,'I)(h .. fill' pl)lyp~'ptid~~;Ill' 3K 000 daltuus. ~lOOt) daltolls and

24 (lOI) daltlllls respectively.

There nrc the antigenic specificities tillllld Oil the Im..,\p. particb. A group slwl.'itk

detennlnnn: (a) is shared hv all IlBsAg prcperutions. TWI) puirx or subtype

determinants (dy lin I \\/1') arc pn.:sCIII and nil' tlh' most part they "1'1.' mutually

exclusive, Eight IIBsAg subtypes have bC1.'1l idcntiflcd: uyw, \~'\N,. uyw., ayw, uyr,

udr, adw. and udw I {('OUl'O!lCC ct :11.. 11)7{»),

1.3.3. Thl.! JI gene

This ORF overlaps each ufthc others and codex in((H'Ill,ltillll contnincd within the

other three frames of the genome, It specifics a virion-associated DNA polymerase

or reverse trauscriptnsc, important in the replication or the virus (Shcrkcl' and

Marion, 11)l)1), A terminal protein, which is bound 10 till' 5' end or Ilw minus strand,

is encoded by the ~' 'nl! or the II ORF (BIISl.:h ~I ai .. JI)XX). It functions as a primer

for the synthcsi« (It' the \ nus minus ...11':1lid Ihull the RNA prcgcnoinc (l.icn ~'tul.,

I t)XS~ Seeger ~I nl., Il)x(l; Will ~,tul., 19X'/). Another protein encoded hy this region

is RNasc II (Toh 1.'1 ul., ll)~n;Hartcnschlager I't OIL, 11)1)(); (,hang ct :11., Illl}{)) which

degrades all but the most 5' 1'l'gilll1 lIt'lll\' HNA pi q.'t'1I01ll1' dUf'lHg !'I.-plicalion (Will

et ul. !l)X'i).

1.3.4. Tile X ~l'iU,'

The X ORF ~!Ot its nume because its !',I.'IW IWlldlll.'l and function were vomplctcly

unknown fbI' Sl'VCI;t! yl~al's It is now kllll\\ II 10 1,'1l1.'11(k' ;1 Iransal'li\ ;llillg pnucin

which has truns-acting propenic- that allow il tn modulate the k\ el of uunscription

of several host (Twu and Schloemer, 1(1),;7; 1'\\\1 and :';d,lul'ml'l". Ill).;l») ur viral

(~Jl,\t\da\l and tel'. 191\1<;Twu und Robinson, !ll)olIlII\'gulaIIlIY scqucnccs. cith ..-r Irom
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1.3. The genetic orgunlzatton of HUV

HBV has the smalles: genome or all known viruses affecting man. It is

diagrammatically represented in Figure 1.1. It is a circular, partially doublil stranded

(us) DNA molecule with a single stranded region of variable length. The long (L)

or minus H strnnd has a fixed length of approximately 3 200 bp and is nicked at

around 225 bp from the 5' end of the plus strand, The short (S) or plus (+) strand

has a variable length ranging from t 700 .. 2800 nuclcotidcs in different molecules.

The circular structure is maintained hy the bnse-palring of the 5' ends of the two

strands. A protein is covalently attached to thc 5' end of the long; DNA strand

(Ocrlh:h and Robinson, 19HO) 1111'.1 is referred to as the terminal protein.

There nrc fhul' 111ajor open reading frames (ORFs) which reside on the long strand,

the C. S. P nnd X ORIIs.

1.3.1. The C gene

The C ORF includes n short prc-C sequence and codes fhr u major viral core 01'

nuclcocnpsid polypeptide of 22 OO()dultons, A rruncuted Iorm of this C gene lmJ(iltct

t1i~playing. e antigen (~~Ag) cpitllP~'S. ami 110t the CUI'I.! epitopes, is found in sera

durinu active viral rcpllcutlon,

1.3.2. The S gene

The S (\R[I includes the pre-S 1. prc.S:! and S regions. It specifics viral surfuce

antigen reactive polypeptides it! tile virion envelope and in the Incomplete viral

forms which arc found in the SCIUlli and liver of infected individuals. The

glycosyluted and non-glycosylatcd forms of' three polypeptides are encoded by this

region, The entire ORF (PI'C"S1, pn:·S2 and S region), the pl\' ..S2 and S region. and



At llrst the narrow hp~1 range (llllln,lI!'> and higlwl primatcx) III l ll+V as well as its

inability to he propagated in cultured I.'dls nuulc :h,:se vinN", diCtkult til study. The

development of workable unimal l1ludd .. of I Ill\' infection and 1111:ongoing mh anccs

ill molecular p.~'llI:tks has provided insigh' imll ' " mulccular structure of this" irus,

its replication stl'atq!y and it'i oJll'O[!l.·nic potential.

1.2. niology of lIB\' infection

EXPOSUl\! of (In adult \0 Imv results in an ueuu ..' iulcctiou lasling up to .20 \n'cks

with subsequent d~'\l'IoplllI.'nl of Ploll'div I.' antihody agaill~,1 Ilw \ irus (Rohinso»,

19H4), During inli.'dilln Ihe \ lru ...aud \ iral antigens ure !llulld ill the hluod anti hody

fluids with high umounts (II' \ ital anlipl'lls and nucleic ,I\:ids in tlw Ih cr. 1111.'mllst

abundant forms 0(' \ irus particles in thc• blood at this time arc sphcrlcal Ill'

tllamcntous and are dd~'cli\ 1.:, rtllHaining only th~ viral envelope and till

nud\Jol.!ilpsid (Shl'I'h'l' ilnd Marion, II)I} I), Normally, iuli,'rliPIl with lIB\' results ill

a modctutcly severe ilhll'S'i \\ uh hvputocellular injury and illl1al11l1hllillll (ikdd;,'r.

1')7~), lluwcv er, some individuals cxpvricncc mild Ill' 11\1 liver injury tit,:spill'

extensive hepatic infection. This \ ariation ha ... hWII allrihllt~'d til din~'ll'''n::i in the

host immum- n·sp!lIl~,1.' til \ irally illl~'dl'd cd Is £Illldky et al., ILn:}),

551(1)" \lrilll~'rt..:t1 il1di\idual~ 11" 1l,111\'!->L'!\l' prilll(u) inlt'dilln (llIllk\~'''IPpersistent,

usually lil~' Ion!',. hl'patit inlection « ialWIII, IlJX.' l. Ih'1UI',h a minority. till'''!,,' IIBV

carriers Ii11111 it rcscrv nil' 1111'1' \\ hich illii,:dillli j,_ ',ph'ad til 111111'1indrvidual«.

Mortality (iUIl) IIB\' inli,'dilln lIsually n-...I,It" from dllllllil' rather than ;Inlll' inii:dillll

(Wl lt), 11I11()), Sl'V\.'1l' chronic l ll+V infi"ctillll Ihoqll~'lItl~ k·"d., III prenutun, death

Hum liver !;1I11111."hili i...I1l1l1,' illlJlllrtallily a"slldal~·d with 11l'(',



Other I.'tillfu!,l!l.:al l:lCtOI'S of' III '(' include aflatoxin ~'llIl!at1\illatl(1(1 (If' loods (Mum»

and Hosch, IllS 7; liskcr-Mchuan ('I al., I (HN). It\ cr cinhc'iis where tilt: as~;odalinll

is recognised but not understood (SIIIlI/,nl'Ss. I InK. l',lulllhl.'rg alld r oudon, II/X I).

Illhacc(1 smoking (l l'IcilllplIlins \'1 411.. II)~(); l.am l't ul., Il)X.:; MUl10l and Busch.

II)X7), excessive a!l;ohull'llllSllIlIptillll (TII~'l1S, 19XO;YII. ct al., I()X~; 1Iurdcll ,'I ul.,

I I)x·n. the lIS~ of SC\ IWI'IlIIIlWS (Jick and I lcnnan, l'nX). ccrtaiu parasitic

infestations, for example sl'histoslIllliasis (Nakashillla l't ul., 11)7~; Ahc ct <11.. 19t)J),

exposure to the radioactive d~~llll'lllIhnlll,-.In! lBattilllla, ")7(1). infection with till'

hepatitis (. virus (Sailn et al., I (J(}!)). the usc lit' phannncologicul do~I.!~'PI' anabolic

stcroidx as well as various mctal-olic liver llis~·a..,(·~(I iskcr-Mchnan ct al., ! (JH9).

tillman lit 'C is a complex and Illultilh(;lorial dis\.'i!s,' that is linked 10 many ag~'llts

and condittons. Patients with lit '(' lIlay b\,' I'XPIlSi:d ~iJ1Hlltanl'\1l1sly to multiple

ctiologlcul factors, dCpclHling (Ill thdl' living l'Illlllililllb. whicl: may vilty between

I.'UlIIIIl'k's or even a xinglc !!,l'(l!.U'ilphk:al locution,

1.1. The IICJ)lltltis n Vlrus

Till' hepatitis B virus was lirst dislillp.uishcd Inun other lh'palitis .. il\llll!.:ill!~ \ iruses

ii' 196:; (BlullI!I('qt ct ul., 1%5). (}rigll1all~. it \\ a ... Ihllll!'.ht 10 hl' unique and not a

member of allY rl'~'(lgl'i~\'d viru. group. III I\W\ ,'I', rd,IlI'1! \ illlSI'!i have since been

llis\'oWl\'d in eastern Wlllllkhudl" (SlIIllIIWI', l'( al .. 11)';':-;). Ikl:dwy t~r(llintl squincl. ..

(dmion d ul., IIJXO) and l'ckin dud,s (\thlln \'1 al.. 11»)\0). 'lh('Sl' viruses urv

classified as I lepudnuv irida\' « ill'll 1'1 al., I I)XfI) and haw similar unugcnic.

ultrastructural, molecular and hillllll'.ival t~'allln's, ('h!"(llIk IiWI disease and I J( ( ,

have. however, (lilly been IIhSL'rH'd ill illl~'d~'ll woodchucks (Sumrucrs ct al .. }9'1X;

PoPPt:1' 1.'1 al., 1I}X 1 ).



I Icpatoccllulur carcinoma (I 1<'( I is Ill,' 111""{ fI'Cl[lI<"lll 1l1i1litwalll tumour of the liver.

Worldwide, II('{' is the seventh most common Iorm •If I.: alice" ir, males and the ninth

in females (Parkin ct al.. 19lH). l'hc fh'qUI.'IlL'Y Ill' IICC' varies with respect to

gcogruphica! loC'lIiDII. It is the most recurrent malignant tumour amUII!! males in

Western, Middle uud l.astcm AIHea and second lllosl 1\'I.:IIITI.'I1I tumour among mules

in Southern Alric« and Southeast Asia. I J( 't ' is 1101 as 1'1'1:\ alent iii i. 'hi!!:! and rare

in 11l0:-.t parts uf America. Europe. Northern Africa and Eastern Asia (Robinson,

II)H4: Parkin et ut., 19K4).

1Icpatoccllulur carcinoma is ulmus: always in ;1Il adv anced slap.l~ when first detected

and the PlllP.tlOSlS is poor as fh\ patients SUl\ 1\ l' Ill'yund it ycur (Kl'W. JI)X7).

Surgery alone call prolong survival hut only 10"" (If pati~'llb an: suitable fill' this

thernpy. Chemotherapy !!iv\Js poor results and liv er uunspluntatio» has b\'!~11

abandolwd owing to th~' li't.'qllt'llt I't.'CIII'I'l..'lll.:1.: of Ih~\ nnnour in the transplanted liver

(I\liwill'ds and Bollt.:hil.'l', lINI ).

The llCCUlTI.'JlC~ III' IICC inl.'l'I.'asl's with a/'.~'.although Iwe ha-. been found ill il

puticnt as young as eight months I\\'11 et ul., lIn"'). (1\ IllIlSt cas ...·s the 111111\1111' is

detected IwtWI.'I,'n si\ty and I.·i!~hly)I.'''l's 01' a!~l' (I\'I.'\\'. IIH{(I).

( 'hronic hepatitis H \ irus (lIB\' I infection has l'IlWI'!!I.'11 as 1111.'most inrport.mt cause

(If' 11('(' worldwide, ;\Ithllll/!h Sl,'YI.'W: \ilt'rilh'S ;11\' IlI)\\ available hI 1'1\'\1,'111 l Il+V

11111\'111'11, there an' over ;':'0 millku: I hrouic l';tllil'l', "I' IIBV and no cflcctive CUl\'.

All estinuucd I".! Illillipn dl.'.tlhs due tll ,"'I.'H'I\' hcpalili .... l'irrhosis or hepatocellular

carcinom« ;IIV nttrihutcd til II11V illti.'clloll each ~l:ll 1World I kalth Uigalli.tatillll.

Jl)l}() ),
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• induced H( '(.',

1.5.3.2 Chrumnsumal trunslocatiens

Chromosuma! translocatious could I'I:S\l It in crucial g~'II~~s 11I.'ln[1broq!fll under (01111'111

ofhos; l'~gulatlllY scqu: ..'IlCCSthus altering, their expression. Illtl.'graliul1 II!' Hl+V DNA

has been associated \\ illl the trnnslocation 0(' host chromosoincs OlitHl et al., Il}X(l'

Tokino ~'lal., 19W1}) Ihl' example, an 1m\' intcgrution in an I tn was dctcrmtncd

to be flanked on one side by sequences fuun chromosome 17 and oil the other silk-

by sequences from chromosome I X tl linu d al.. I ()Xh). No functional ulterution in

chromosomal expression has yet been atuihurcd III Ih~'s~' translocatious and limited

dnta is available as most ill\\!stigatlll's have tended 10 I(){.:us lin tlw r~-gi(}IlSadiaccnt

to the integrated virus,

1.5.3.J Ch. 'uosumnJ rearrungements and deletleus

In many cnncers tlw tk\ elopmeru Ill' lllillipllilllCY has hccn assudatcd with the

til.!ll.!tion lit' mutation (If a tumocr suppressor g~lll' (Orl ..in ..'( :II.. I t)x,l; (';l\'a1WI! 1.'1 ul.,

trugmcnt I\'ngth polymorphism (lU'"(PI studies of'human !i\l'" tumours have revealed

significunt ullcle losses from l'I:giolls otchromoxomcs -I, :'ll. II p, I3q. I(lq and 17p.

I\'sidt' (Ill these sjwdlk chroruosomal h'!dllllS ill till' lli:\ dll)lllwnt II!" 11<'(', (i.:m~s

I.

, I
I



IX

IIIlJ long lat~'ncy between IIBV infection und the lll.-\ clopmcnt Ill' 11('(' as \\'1.:11as

the inability or IIBY 10 transform hcputocytcs ill vitro (Sherkcr and Marion, IIN II

CUl1l10t be explained by classic mechanisms of oncogenesis as lIB\, docs not contain

a directly tmnsformlug oncogene tI'iollais ct ul., 11}1<5;(ianctn and Varmus. 1910:7:

Sherkcr and Marion, I t)l) 1) ,IS found in retrov iruscs,

Proto-oncogenes (ccilular oncogcncsl arc believed to encode tightly regulated

proteins whose expression plays an important role ill cell growth, Alterations ill their

expression is hclievcd to he an Important ,~aIlSC0: many malignancies and may result

from a qualitafiw change ill the \:\ldil1!( !\~l:.i()!1of' the gene 01' a quantitative \-hall~,!c

in the expression 01' till unaltered gene product (WI'inbl.'l'g. 19X5: Fausto ami Shunk,

19H7). Mechanisms by which this 1m.:, 11CCUt' mcludc insertional mutngcucsis, gene

atnpllflcntkut, chrontosomnl tmnslooatiuns, chromosomal rearrangements and

deletions as well as the transactiv.uion of irnporuuu host rcguh1<lI)' genes, Specific

...hromosomal alterations have hcen discovered in some IIBVnl'da(cd IIn"s that may

l.(~' relevant ttl the molecular husi» or hcputo, :li\;inllllenesis and arc .ununurizcd

helm",

1.5.3.1 Insertlonal mutagenests

lntegrutcd, ottcn extensively rearranged IIBV DN !\. could directly al'tll.'ut.: cellular

proto-oncogenes by prodding promoters and cnhuncers that would increase the

expression of udjucent genes, Ahhuuuh this mechanism has been shown to occur

(Dcjeun et ul., I !)H(l; M{,I'OY ~,t ;11.. IIJXh; Ol'hiya ~·t\II.. I IJXh; de Till' ct ul., 19X7:

Roglct ct al.. I '11ft; Benbrook et al., }I)XX; Brand ct al., ) l)XX; ) Isu et nl., Il)HX; Zhou

et al., IlJXX: W(IlI!! l'I :11., Jl)l)l): (il'il~f et ul., Il)l)·l). direct insertional activation or

cclluler Olh'O[!.I.." ,'S has not 1>1.'1.'11OhSl'!YI,.'t! ill the vast najority ~\r hq.ndnavirus -

associated tumours studied thus 1:11'lind ill'lln' do'.'s not I.'~,plain IlK' majority of 1mV
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Recent rostriction-fiugmcnt-lcngtl: polymorphism (I~I II') studil.'s or hunum liver

(Bcutow et al .. 19!19; Ihan!' c.: :11.. (1)\/0), 5q \lu1I1i)ori ~'I ul., 11)91). lip (Wang et

al., [IJXK: Fujimon ct ul., 19l)1I, Uq (Wang et ul., lIJNX). I {HI (Tsuda l't nl., 11)1)!);

Zhang et nl., 1(1)0; Fujimori ct al.. J 1)1) J; Slagk et ul.. 11)9~) and 17p (Fujilllllri et

nl., 1991; Slagle ct al., ll)lJ 1; SCIlI'SllIll! ct nl., 1(1)2). 111 addition to deletion,

significunt rcurrnugcmcnt of cellulur flunking sequences and integrated viral

sequences has also been observed (Twist ~t nl.. IlJX L I>l!jl.·<lnct al.. 19;{~; Koike et

nl., II)R3; Koshy et al., II)H3: Klich et nl., )I)}\.ta; Knch l'\ al., (1)X,fb; ()ll and Rutter,

Il)H~; Ziemer et ul., II)K5. Mizusuwu ct ul., IlJH.5);

The only aspe\.; of hcpudnavirus integration that uppcars nonrandom is the fh:qlll'nt

usc of sI.'QU\!t1CI.'Sill Ill' IlI."U· tll~ DR's as recombmution sites. lit I.' integrated vlral

DNA ill f I( 'C i:-: usually so IJxtl'l1sivdy n!a1Tilngl.'d thnt it is dilflcult (0 deduce the

structure of the v irus-ccll DNA junction. h ll\VCW I' 1X out of ,10 intcgrants studied

11<\\'1.'at least one junction within the short stretch \K'tWI.'I.':l the bl.'gillnilll! of DR 1 and

the end Ill' DR2 (Shi,!lk~'1' and Marion, 11)1,)I J. A 11lll1~I1L'citk ll1L'Chilllbm Ill' intl'gmtioll

could OCCIII' in addition to that im Ilh illg IlR J and DR:!.

1.5.3. liB\, as lUI oucogenlc virus

hemtoccllulnr carciru-nu and the fln<iil1J,'.uf itl!~Tl'atl'd \ i(;d "~'qlll·nI.'L'~ in uuuour

genomcs or patients with 1I1't . sugp.I.~~tsa role lill' l ll!V ill (lnwgL'lIcsi~. Illl\W\I.'I,

I!
:1
I'
rl

dc-, elopmcnt ot' most II( '( 'Is ill spilL' lit' extensive research ill many lahoratorics,
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and characterised from at least 15 different tumours or cell lines (Dejean ~!!1.. 1983;

Shaul ~J!)1.• 1984; Koch c.!~~l!..191<4a;Mizusawa pt nJ.• 19H5; Yaginuma~! nJ., 1985;

Ziemer g.! 111., 1985; Choo g\ n.!.. 1986; Hino g.t gl., 1986i Nugaya Q.~ nJ.. 19H7;

Matsumoto £1 nl.. 198H; Zh()u e~ ;11., 19HR. to name but a few). The dum analyzed SO

fUI' indicates the following:

There arc usually multiplu copies of viral DNA integrated into the genome of Hee.

As an example, in the Alexander ccll Iine (PLC/PRF/S) HBV DNA is integrated into

eight different sites (Edman 9.I ;11.., 1980; Brcchot P! HI.. 19HO;Marion g! l~J" 1980;

Ziemer g~1\.\., 19H5), and the 'i'onglIC(, cedi line has five intcgrntions (Stevens en 01..\

1(87);

The intcgrutcd viral DNA is usually not full length (3 20() bp) but subgcnomic

fragments (Dejea» 9\ i\J., 19X:I,;Shaul ~t nl.., 191M; Misuzawa gJ ~!J" 1985; Ziemer g.t

nl., 19H5). There nrc, however, some lntcgratlons in Hee's tluu contain a greater

than unit length rIBV DNA sequence with an intact copy of the genome (Dejean g~

Ill., Il)H~). No particular region of the HBV genome is conserved in dllferenr clones

of integrated lIBV sequences;

Examination ofllBV DNA insertions has not revealed u unique cellular sill' for viral

integration. Vety few integrations have been fbund ncar ill' within cellular genes. and

there is (\II apparent preference for inll.'!Wllio!1s within nnllcoding repetitive cellular

DNA SCqUCIH:CS (NapaYll ot al .•, )l)R7; Matsubara and Tokluu, 19')0). lIBV

Irucgrarlons into thl! human gCIWtnC have been mapped to tit least 12 Jiflel'l.mt

chromosomes (Bowcock ~t nl, II)~S; Rogler ql nl., )9H7; Dqjcnn ct ;11., 19R6; Hino

Gt 111., 1980; Nagayn ~!al., F;WJ:. Blnnquct .et nI., 1l)}lH; Zhou pt 11\., 19}1H). with

chromosomes 3,;;,(l, 11.17 and IH each represented in more than one Integration;
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1.5.2.1 Studk's b~ Sourhem hlut h~'hl'illil~lti()ll

Slluthl.'l'll uuuslcr (Sn\lth~'IIl. lq7~) allows 11,.- physkal mapping of rq!,iol1s

integrated in the genome ut' 11<.'(' has been studied hy many invcstigator« (Shati'itl

et al., 191\I; Kushy ct ul., 11)1{I; Hrechot ct al., 19X2; I lino ct :11.. I ')X4; lmazeki ct

:II.. II)X(I). lntcgratc« viral sequences WI.'I'I.' found in 7::' ~ 100"" of HBsAg-

Sl'ropositiVt,\ patients and ill i\ smaller ftuction Ill' the u!limal carriers ( icrin ct nl ..

I t)g;!; Marion ct ul.. I \)x71. Seronegativity docs nut 1";cl.'ssarily preclude (!BY

ul.• !tJH2b: Ilino et al .. lIJH·I: Im:t/dd ct nl., 1')Xh:). 'llicse results nlfcr evidence th'll

intcgratiun plays a par! in tllllltllll fornuuion, but the slgnificancc or the integrated

sequence» is unclear. I !BY scqucucc» arc not indicntlv 1." of tumorous tissue as Imy

DNA has been observed in both non-tumorous parts oj" liver ... with II( '(' and ill

chroufc hl.:paliti ... 01' I' 'rrhosis without 11('(',

The pattern of' viral iflt~,!!mtjllll in indh idual 1H '( 's is ihought 10 he unique and

idcnticn] from 1:1.))1 til 1.'1.;'11within a tumour which s\lg!.',~,...ts donal origin or the tumour

(Esum] ~H ul., II)Kfl; Bhun I~tal., \lIK7; Auld tlnd Robinson. 11)1\1); Chen ct al., 19X9).

MOI'1.! than IlIK' dUIFll tI1l11\1\l1' may exist within the same liv ....r (FslItJli d a1.. II}X(l;

tumour» (Hr~~c:llIlt ct nl., P»W; Slwfritz a III I I\I'W, II)H I; Shaflill ct al., I IJX I; Koshy

d :11.. IIJXI; lkkan l~1nl., II)H,\).

:1

')

I
i
I
1

j

t.~.2.2 Clonhu; llull Sl'qUl'IH~illg lIt'inh,'gratl'!l vlml ()NA

The 1'1111.'of (fB\, !)NA inll.'gralh111in liver -.:arcil1(lg~'!lI,'sis still remains uncertain

(Chen 1l)1),q. I'll dnte mon .. than ·to different lIB\' illll'~IJaljul1s have bll.il dolled



infection. Alllllllp those who had antibody 10 IIB~AI~ upon \-'1111) inl!! Ill,' study, the

incidence Ill' IICC was low ami not slillistkally din~~n~l1tIrom Ihose having 1\0

markers of current Ill' past Hl+V inli:ctil)l). Ihi" sllggl~sls that individuals who recover

from ueutc IIHV infection alit! do 11111 develop it Ill'rsisl~'nl infection haw little Ill' no

chance of developing II( '( '.

Another study was done hy Sakuma 1'1 ul. (1IJX2) wh« !I.IIIIlWd 202 IlBsAg"

while' there was Ill! cancer development ill the s\,'wlll-Tath l' gl'OllP,

A study of the distrib,1tI1Il1 III' 11('(' and IlHSi\g carriers in China. 1111W\.'\ 1.'1', has

revealed a prl.'VUII.'IlI.!\.' 111'1 InsAg ill the \.'(la~tal and inland 1\'gilltJs. hut the prevalence

of (J( '(' wns !'Iig,n;licllnlly hip,h~'1' in ,II\.' <:Il\lstul l't.'gions when compared II) 1111.'inland

regions (SU, I t)H2), This misc.'s the :lussihility that other lill'lllJ'S ill addition til IIIW

infection may playa roll' ill IIlI! d~'\elopmcm lit' J J( 't ' in Ihis population.

In Il)f{O ,1 groups demonstrated the pn:sl'lI'~' o]' IIIW DNA 1l\1~)!.ra!cd into the

gl'Il(lIll~'lit' Ilt'(' (Marion ,'t ul., 11}XO;l'IHIf-rabllrly et :11.. l'lkO; BI\.'l.'hll( ~'l al., 1'IX(l;

1.:1.!11lines, humun lie. '(' and IIBV'-ldlll~'d viruses III ""!!lfIIls Ita!. IIn'lI allaIY~~'d to try

1
'J

1
I

and elucidate it mcchumsm lill' cell tr.msfinuuuion.
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'l'herc is little or 110 correlation [\\,'1\\:\,'..:11 the pr~'\ alcnce "I' liB\' intcction III mall's

and f'~ll1aks lind trw dcvelopmcnr of' I ICC (Lin ct ul., II)XCl). A sludy 011 Alaskan

llatiw IIBV cnrriers lillllld Ihal while the incidences lit' chronic active hcputiti» and

dl'rhosis \\'1.'1'1.' comparable between males arul females. llliMs showed an

approximately sixfold increase in incidence Ill' lit '( , (I\1cMahon l'l ul., 11)1){)), This

suggests that being mall.' is an independent risk 1:11:1111'ill the dl'Vc(OPIllI.'III 01' 11('('

among IIBsAg.-positi\'c individuals.

1.5,1.2 Case-control ,~tudillS

These were performed to determine the rclutivc risk (RR) (11' dc\'dopinp. lit '( , antollg

IIBsAg. curriers. ln high risk population» slid, as thoSt' Ill' Africu and Suuthl.'ilsl Axia

the ItR ranges from I(),,20 (Prince et .11" J 975: Kew ct al., IWN: !.inguo c: ul; I IlH 1:

Lam ct ul., 11)1.::2;Yeh ~Hal., J I)X.'i), In th~ low risk populations or thl.: U.S.A,. where

thl.'!prevalence rates of HBs,\g ill till' 1.'111111'01 populations arc very low, thl: RR is

higher, from I () 10 infinity tYnrrish \'l ul .• JI)X!I; Austin l.'!t al .• Il)X5),

1.5.1.3 Cohort studies

Several large l'Oh011 studies ha\~' been publislwd I,'nrnparing tIll' occurrence Ill' III '( ,

.lliiong IIBV curriers with thnt or.l nou carricr control pllplIlalloll (Oball\ 1..'1ul .. PIX();

Ikask,v ct al., IIJX2. Sakullla l'l al., IIH(~; l.ohiyu, l~tul., II>Xx; Mvlvlalton d ul.,

191}(). All show a markedly increased risk for 11<'(' amoug IIBV carriers.

In till: lal'p_l.'st l)f Ihc~l" Ikask'y ( IllS.") 1\'lTllit~'d.;.~;O'!' I!J:lk 1.'0\ cmmcnt ~'Illpl(lyccs,

0(\\,110111 It.'i! \\'1,'1\' .~,'rop()sitih' and the halalll'~' Ilepali, \' tIll' Illh'\g, Atler a lollnw

up pcriod . ,I' Cd years, J l.~ men in thv j)11sili\ I.' gl'llUp and three in 1111.'negative group

had developed primary 1\\~:I'cancer (mostly ([CCI. Ihis meant that the risk or

t!~'\dlll'illg lit '(' was 20() told p.1\:at'.'r ill male individuals with c\ idl..',Wt' «f lIB\,
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l.S.1. Epid{'miolof,!i<.-:ll evidence

Several lines of cpidcmiologtcal ~'\it!I.'I1CL' support an association lll'IWL'l'1I persistent

IIBV iutcction and the development of IICC.

1.S.1.1, Correlation studies

IIBV infection. defined by the presence of hepulitis B surface antigen (liB..;i\g) in

the serum, and death rates trom I I( '(' correlates in differcn: regions of the world

(Srnuzncss, 197H; Beasley cr al., 1')1-:2). IIBV illf'e<:lioll j!-, lowest in North America

and Eustcrn ElII'opc. while in other t\'!!iol1s, such lh Southeast Asia and Ali'ica it is

at least tl.'!1 fold higher (SIll.1l11CSS, 11)71{; Hlulllbl.!l'g lind l.ondun, 1()III). The mean

proportions uf BCT found lin <lutl\PSY in the U.S.A. and l\lIl'0pl.' arc OJl}lIl1 and

().4SI~.j)respectively and those found in Africa and Asia range between ~_Xtl". 'ItT

constitutes 2Y;) of the to"d Call1.'CI'S ill the U.S.A. and Wcxtcm Europe, whereas in

areas (If An'ka und SOllth~\ast Asia it constitutes .~()·,Wll<l of th~ total cuncers

(Smuzlll.'ss, J 971'). Exception>; til this correlation an: found with the Greenland

Eskimos where there is a high prevalence 01' IlBsAg cuutcrs and a low incidence

rate of (ICC' (MelbyI..' et ul., IIJX,~). whik in Japan, lnfecuon with Hepatitis r: Vim.'>

(I)('V) and 1(,(' have hccn as,~o\:iatr:d (Sailo l~t III.. 11)1)0).

With the inclusion Ill' unti-l Hh and uuti-l llic (COLI..' 1 as serum markers, lll+V in tcction

rates ill l1atlen!s with 11('(' reached 7;'i·t}(,1111 in Alb,,, (! utwick, 1\)7\»)and the !I.S.A.

( )l1\ala \..'1al .• ll)79). This indi\..·alt's thilt the IlHljnrily 1)1' patkllts with 1)( 't ' Jm\ \~had

it previ(lus illlh:lioll or haw \..'1111\'111 'iJllip\..'1ll'1l1ia.
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HBV has b~'~'11shown to replicate ill t'xtralwpalk lio.;slIt'''. This has hccn well defined

in several animal models such ", ducks (Taga\\':. 1,'1 nl., Il)X5~ filbert et al., 1l}X7;

Freimun ct al., 19XX)and woodchucks (Korba. et al., Il)XX~ ()g.stoll,l't al., 19X9). The

first studies documenting till: cxtrahcpati« biolngy \,1' human lIB\, concentrated on

readily uhtainahlc tissue and hody fluids sucb <1" peripheral blood mononuclear cells

(Lnmclin and Trcpo. 11)1)(); Ll~lll1g t.!t (11.. 1994), saliva. semen, urine, faeces and

biliary and pancreatic juices (Heathcote ct al., 11)74; Villarejos et ul .. 1974; Hoefs

9t nl., 19XO; Fagan ot ul., 19X6). Since then IIBY nucleic add sequences and protclns

have been detected in puncrea«, kidney. skin (Ik,ie:ln L'l al., IllK·hl; Naurnovu ct ul.,

19H5: Yoffc ct al., llNO; Mason ct al., 1l)9,~). lymphoid tissue (Naumovn et al.,

19H5; Laure ct al., 11>H5: Mason ct al .. 199J). thyroid and udrenul glands. gonads

(Naumova ct <il .. J l)~5 l. placenta (Laure ~t al., 1l)X5). spleen, bone marrow, 1.:0\011.

stomach, testes. pcriadrcnal gat1gtia (Mason et al., 11)X:") and peripheral blood

lcucocytes (Leung c.:t al., I '}I).,f), The pathological signlllcunce of the extrahepatic

distribution and biology of IIBV is not well understood and thl~ detection of IIBY

ill extrahepatic tiSSUl'S is seldom uccompnnicd by evidence or lisSIII' damage. Little

is known about tilt: mechanisms behind this apparent lack or disease.

1.5. Hepathls B \ lrus lnfectlnn and hl.j)lltoC(·lIullll' curelncma

Association of H< '(' with viral h(.'Piltiti.~ was pllstulated Inng bell)I") allY of the

spl.'citk viruses I,':lllsillg h~'patitis had been idcnritlcd (I'aYl't ~·tal., l'),'i(); Sldn~1' and

Davies, 19fi7). only after th~'disc\l\C1Y of !h~'AustralIa antigL'lI (I11hAg. Blumberg

ct al.; 1965) was this association confirmed. The t'\ idcncc li)1' this relationship comes

Iron: epidemiological stlillics. t1l1lkl.'ular studk'i or human ti:-. ...uc alld lIn' cell lines.

obtained from human IlBV carriers who developed liver cancer, as well as studies

or animal models illlcct~d with \intscs closely related tn lIBV,
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a primer fur plus strand DNA synthcsi« (I icn l't "I.. lOx:,: SI:l'!.!CI' et nl., I tJX(I), DNA

plus strand synthesis can only proceed until the polYIllL'l'asc rcacbcs the 5' end of the

protein-linked DNA minus strand At this point it is thought that a template switch

takes place (Ganem and Varmus, 191\7), The hlsl :; (0 X nucleotide» (1(' the J' end of

the DNA plus strand an: homologous It> the first S til X nuclcotidcs or the other end

of the DNA minus strand which allows the template switch til take place and results

in the circular DNA conformation Ill' the IIBV genome. The plus strand is then

elongated, stabilising the circular intcnucdiutc (WiJI ,'I ::1.. J l)R7). Complete synthesis

of this strand is not necessary for coating of the nuclcocapsids and export of virus

particles. This explains why infectious particles contain DNA with a single sirandcd

region ('Iiollais et :11" 19X5). Some of the completed nuclcocupsids arc enveloped

and exported while others appeal' to re-enter the cycle of infection within the same

cell (Tuulcmun ct al., 19X6a) thus expanding 01' replenishing the Intracellular

transcrlptiorml template (,CC' DNA.

The HBV rcplicatiou cycle resembles that of rcuovuuscs und ('"MY in having a

common I'CVCI'SC transcription step. There ;\1\" however, essential differences,

Integrntion of viral DNA into the host g~~IH1I1W is Ill\( all \.'~sclltial step Ihl' IIBV (IS

it is in rctroviral and ('aMY I'cplkalioll (Rogk'l' and Summers, 1')X4), Mhtus-strund

synthesis of rctrov iruses and CaM\' DNA is primed by a host tRNA while IIBV

DNA minus-strand synthesis is primcd hy a pr, lli.'i 11 , The order of tht.:'IIBV genes C,

P and Scan Iw L'(l'llp:ll\~d to that or the rctrovirul gClll'S. gag. pol and cnv, but where

retrovirus protein« arc uunslutcd linin mRNA produced by splidll~ from a single

Pl'it1HlI'Y transcript. lil+V pl'oll!ins arc tl':tllslak'd li01l1 at least two unspliccd primary

tl'allSlTipts (Tiolh» et ai., 11)~:;), 1"01 all three c1ass\.':-'of \ InIS, Pl'Il111(1(l:l'S arc closely

tollowcd by po[yadl:na[aliull "ignals that an.' passed ll\ 1.'1' lIllI'ing the til'S! transcription

run,
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a primer Itll' plus strand DNA synthesis (Lien ct ;\1.. Il)~:": Seeger ~I al., 19X(1), DNA

plus strand synthesis can only proceed until tile polymerase reaches the 5' end of the

protein-linked DNA minus strand At this point II is thought that a tempi all' switch

takes place « lanem and Varmus. 19X7). The last S III X nuclcotides or the J' end of

the DNA plus strand arc homologous to the firsr :' to X nuclcotidcs of the other end

of the DNA minus strand which allows the template switch III lake place and results

ill the circular DNA conformation of the HBV genome. The plus strand is then

elongated. stabilising the ri cular intermediate (Will ct al., 19X7). Complete synthesis

of this strand is not necessary ttl!" coating of the nuclcocapsids and export of virus

particles. This explains why infectious particles contain DNA with a single stranded

region (Tiollais .;t ;!1.. 19H5). Some or the completed nuclcocapsids arc enveloped

and exported while others appear to re-enter the cycle of infcctk.» within the same

cell (Tuttlcman cJ al., 19H6a) thus expanding or replenishing the intracellular

transcriptional template ('n' DNA.

The HBV replication cycle resembles that of retroviruses and CaMV in having a

common reverse transeription step, There arc. however. essential differences.

lntcgration of viral DNA Into the hos! genome is not an essential step till IIBV as

it is in rctroviral and CaM V rcplicution (Rogier and SIIl;'m..:, l. M inu. .rrand

synthesis of retroviruses und Caiv1V DNA is primed hy a Ii :...t (RN·\. while IIBV

DNA mlnus-xtrund synthesis is primed by it protein. The order of the IIBV genes C.

P and S can be compared to that of the rctroviral !;telles, gag, pol and env, but where

retrovirus proteins arc translated fnun I11RNA produced hy splicillg from a single

primary transcript. lIB\' protcinx arc trunslatcd from at least two unspliccd primary

transcripts (Tiollnis ct al.. 1!)X~). For all three dass\.'s of \ irus, promoters arc closrly

followed by polyndcuulation signals that are passed (\\ cr during the flrst transcrlption

run,
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in that an RNA copy lit' the genome is used a'o an intermediate ill replir.:atioll which

includes a I'~'\I..'I'.~~' transcription ~;tL'P resembling that Ill' rctrov iruxcs t Sununcrs and

Mason, 191<2).

On entering the hepatocyte the plWi snund or the virus is extended and the g1..'1l011W

becomes fully double stranded. Once in the nucleus it converts into u covalently

dosed clrcular (CCC) supcrcuilcd DNA molecule (Tuttlcmun C( \I.!.. Il)%a:

Tuttlcmun g! tlJ., 19H6b), the minus strand of which acts as a template f<Il' viral RNA

transcription by cellular RNA polymerase 11 (Mason ct al., Il)X~). Three differcnt"

sized major mRNA trnnscrn.ts with Cllll1111111l 3' termini encode the vira] proteins.

The largest of these mRNA species. upproximutcly ,I.::; kb in length, consists or a

group ofmRNAs that (Ire greater than genome length bUI WllOSC 5' end varies within

a runge of 130" 1(10 uuclcotidcs (Buscher ct <II .. 1l)X5: Enders ~t al., (l}X5: Morey et

l~l., 19H5). This duplication of St.:qll~I1C~S. a redundancy, arises because the initiation

of transcription is dose to the start of ORF pre-C. upstream of the only known

polyadcnylation site in lh~ viral genome. The polyndcnylation signals arc passed over

during the til's! transcription run but honoured on the second passage. (j:ll1l'll1 and

Varmus, ILJX7). The smallc« of the J.~ kh RNA species is packaged in viral COI'l'

particles (Enders ct ll.l.. IlJX7). along with viral DN/I, poIYlllel'aSI • .tml tcnnlnal

protein. and functions as the prcgcnomc from which the minus strand is synthesised

by reverse transcription. Initiation 01' reverse nnnxcription takex place at DR I close

to the .\. end of the prcgenumc (Will 1.'( ul., 1l)X7) and the tcrminnl protein nets as

a primer (Mulnar-K imbcr ct ai .. 1l)X.I;).

During DNA synthesis til\' l~NA pregcnomc b degraded by RNAsc II. leaving a

small ftu gm I.'11I of ahuut 20 bp l\ll1laining thl: DR I sequence at the 5' end. This

fragment is cka\ ell off anu trunsposcd til DR2 (Will ct al., 1(}X"i) when: it acts as
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2.1 TonglHCC ceU culture

2.1.1. Culture conditions of T(J.l~IIICC

Tong', ICC' cells were cultured in 25 em' tissue culture tla~l.;.s (Nunc) for cell

maintenance and 75 cm~ flasks (NUNC) for large scnle culture of cells to be used

for genomic DNA isolation. The medium used was RPMI 1640 (Gibco) buffered

with NaHCO) (2 gil) and l!EPES buffer (Sigma. U.S.A.; '2g/l) and supplemented

with 5% foetal calf serum (pes. Delta), The PC'S was inactivate" at 56'C for 1.5

hours. The untibiotics used were Penicillin (100 O()OlUll), Streptomycin (100 mg/I)

and Gentarnyeln (50 mg/l), All these antibiotics were produced by Hio Whittaker

(U.S.A.). The cells were illculnltcll at 37 (' without ('Ol supplemcntauon.

The Tong'ltCe cells were maintained under conditious of retarded gl'llwth by using

the condltions lind Inl!<iin described above. but supplemented with 2'~·oFCS,

2.1.2. TI'YI)sinislltloll of eonfluein cells

The cells were routinely ~nlit in 1I ratio of 1:3 C\!~l'Y three days, For transfer fl'l1111

small (2S cm~) flasks 1(' medium (75 CIl1~) nasi,s. the contents of' one small flask was

tl'},psinised and transferred to one medium flask. equating to n 1:3 split ratlo,

Splitting of the cells was performed liS tlll!OWli. The growth medium wus replaced

with medium containing 110 Fes tn wash thl.1cells. \),25'!'u bovine pancreatic II'Ypsin

IIl1d 0.21);, EDTA were (IdItol! tn the cells. When the cells hcguu t41 show" round

mmplwlogy the trypsinizing solution wus rUlll'cd uff The cl.1l1swere removed from

the side (If the flask by hilting it twice, RPMI IMO slIpplcmcllt.:ll with 10%, FCS

was added to the cells which \WI'C then distributed into three tissue culture flasks.
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1.7. Aim of this study

Despite ~\lntilluin~!analysis uf ilitq'Jated IlBV I )NA and the surrounding cellular

sequences, little is known abtlu! how til,' intcgrntcd r IBV DN" induccx

hcpat«, cllulur cnrcinom«. TIll' five integrated lIB\, sequences (If the TOlly/Ill 'C' cell

line and it's nanking cellular scqucuccs have not 11I.~cl1cloned and sequenced to dille.

A study of this cell line would contribute to our understanding or how Imv DNA

causes IH '('. So the aim of this study was 10 create an expression genomic DNA

library of the TOll!;d I( (' cell line in l.amhdu g!11 and then (0 screen this library

with nucleic add probes und IlIhAg " spl.'l'ilk <tntihodk's, This ·;hould determine the

presence uf lIB\' DNA SCqltl~I1C~'Sas well as lIBsAg sequences completely or

partially expressed as a fusion protein,
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I'll lind out if this is indeed the rase III w1wthl..'[' till' integration or I Il+V DNA j"

directly involved in the inductiot: or! ( 't ', il is ncccssnry In analyze 1l1\l1\' and more

integratiolls and their nanking cellular l>N;\ sequence» The Iiv l' lIB V integrations

in the Tong/lICe cell line have not (0 date hccn cloned and sequenced.

1,(" TIll' TonglllC( cell line

The Tong/l lf'C celt line is a contiruous adherent cdl line established from a

hepatocellular carcinoma of a f IBsAg-pmalivl' )9'Yi,:ar-old Italian male (Stl~\ cnson

c! al., 1l)}l7) whose serum was positive fill ll!hAl;~"IllkAg, I ([W DNA. <111(;.,111k,

and had high u-fetoprotein (AF!') levels, It is ofil1(I.'I\·S( in this study as it b a newly

established eel] line with tilt: f(lllowing .:harm..'h'rislks, TIll: 'i'llllg/ll< 't ' cell line

morphologically resembles other iSlllal~'d I J( '(' cell lines and has a modal

chromosomal number of (vI. Both IlBsAg and AFP nrc produced while supcruutunts

from the cell culture medium and lysatcs (If the (;dl ,m.~IlL'!wtin.' fill' IlBIJAg, No free

Imv DNA llH)1cl'uk's urc found in the cells and a stable intcgrution pattern ot'fivc

distinct IIBV DNA bands is observed using 1\'SII'i\;II01l enzyme analysis, i\

translocation Oil Chuuuosomc IS has (1c~'11 nutcd. This cell line has all the

chaructcristic« of an I J( 't ' eel] lilll' but is unable III pllldll(,~' tumours in uthymic nude

mice (Stl.'\;.:~~o,;llnet al., i'lX"),
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Table 1,1: Four different integration paucmx ur I IBV 11N.\s ill hepatocytcs.

~===~==:.~~~~~~~~_~C="~=~:T~C'"~~,·=·"c:~-.:-,,~:.~...:~"-~.~"-:~,-~;·~C·;~~'~~O·"~::~··='·~~~:~~='~·~:·41

STRAND POLAR!'!"\'

II

()DR!

END

II
Sl)ECI~

FICITY DR.•

I--.----+----- ..----~~.-,-""-~-r__-,-,----..-
HI IV

C)
A mechanism other than int~~gmtioll could be n:spllllSihll.! 1'01'the development of

liCe. The c-ntv: proto-oncogene is rcurrangcd and ubcuuntly expressed in three of

nine hepatomas in WI IV ~ infected woodchucks. but WIIV DNA is nut present in

01' 11Cal'the vicinlfy 1,)1' thl~ infected Illei (Mot'o_v et : '" )1)XCl), TIlt' overproduction of

(\ single structure) viral t1~'Il~'which causes severe, prolonged cellular injury and thus

a prolitcrutive response would create the opportunity lor the accumulation Ilf

multiple chromosorna] ,1!lIlOl'lllalitb or other g~rt~~lk <:h:1l1g~'s which could be

sufflcicut nil' the acqubitilln of till' malignant phenotype. Rcsemch on transgenic

mice that produce large quantiuc- \11' the Imy lal'g~' envelope pulypeptidc and the

lIB V surtace unngcn tillllld that they develop severe, prolonged hepatocellular injury

aneuploidy und eventually 11\ '(', The frcqucucy, sc- crity and a)!l~Ill' !lllSI'1 Ill' liver

cell injury corresponded ((1 til,' incidence of' He.'(' ({ 'ltisari ct al., 11)141»,
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The DNA scqucucc of tlll~ IIHV intcgratiou site in illdt'pl.'IHll~nt 1)( '( "s has been

published (Koshy et 1\(,. II)X3; Dcjcun \,'t ul.• I'JHt; Koch d ul., P>X·l:Mizusawa ct

(II" 19K5; Yuginurnn ct ;II,. !IlKS; Ziemer ct :iI.• II)X:;: D~icanl!t III.. Il)H(». As stated

above, there is no pretcrrcd site as to the target (If lIB\' insertion Oil the host

chromosome. However, with the observation "I' two virus • ("ell iJNA junctions

occurring within a II bp dh'cctly repeated sequence (DR t and DR2) in the! IIllV

genome it was thought that BUV Integration might occur via ,I site· specific 01' site·

preferential mechanism (Delius 1.)1,\1" 19H3), A gl'Owitlg number (If virus junctions

haw been mapped in 01' ncar the DR's (Kushy et al., 191<3:Dejean ct III.. IlJH4;

Rogier et al., }9HS: Yuginumn ct ul .. I,)K5; ('h',l() cl al .. 19~(l; Shih ct al .. t 9H7;

Yaglnuma ~t al., 19H7). It is likely. therefore, that cumfiliol\s Iavourahle Kll'

integration include SUIll\} chnractcristic feature of the DR M cohesive overlap region.

NugaYil qt II!, (19H7) have analyzed 19 intcgrunts, along with data lrom 13 reported

CLlSt!S. and have shown that one- IHlIt' uf the integraut» have at kast ,lllC virus - cdr

DNA junction falling within the cohesive I,!IIUregion uf the mw DNA, Shih I!I nl,

(l9H7) identified two hepatoma sal1lph..'s with a single sttc orin!\!) 'tiled tIBV which

were churucterised by clolling and s~'~IIICJH'ing,('umpal'iSIIIl 01 thdr results with

others led them to conclude that lltc Pl'Cf0J'J'~'d site Ill' J mv recombination may he

loculizcd in an extremely narrow J'~gi()11 (eu, I) hI') within th' cohesive overlap (en,

:!()() hp),

Shih I.! ( al, (19X7) cxamtncd all !III.' ht~'gi'atillll PilUI.'I'IlS Ill' Imv I >NA currently

availublc ill the literature and divided (hi: patterns inlll lillll' different groups

according tll their end spccitkity and strand poillJ'ity,
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In i\ Ie\\' cas.:s the integration lIf liB\' DNA Ita.'; hCI.'J1 shown 10 pby a direct role in

the mutagvuesis of" cellular controlliug gellt's IvslIlting in till' OIlSI.'!or }I{ T. For

example, one cloned IlBV intcgrntion lll.:dllTi:d ill a rctinoic add receptor gene

(Brand l't nl., )I)XX), Another integration was idcntiflcd with a (h..letion of ccllulur

DNA at chromosome lip 13 (Rogier ,,1 al., Il)X:-), A tumour suppressor gene is found

in this nrea, the luss of which can lead to Wihn's tumour and hcpatoblastotna

(KllUfos ~j :II,. I t)N5), BUY DNA has also been fou, d integrated in the eyelin A

gene (Wang I!t ul., I t)1)()), l 'yclins urc important in the control or cell division. so

disruption uf the gene by \ .ml insertion Illit~htcontribute to tumorigenesis. Cloning

and sequencing of intcgnuions trom woodchuck m '("s has found I\VO instances

where woodchuck DNA hepatitis has integrated in the c-mye gene: (llsu ct H1.. 19XX),

However, the muiority of HBV intcgratlons in liCe's arc n, <sociatcd with known

cellular oncogenes OJ' a common ccllulur DNA :;\)qllI.'I1CI.l, Additionally. the integrated

HBY DNA structure va!'!l's signil1cantly among ditlcrcnt 11(,(,'s, In some

intcgl'lltiol1s the viral S~)l!UI..'IlCl\S arc collncnr with the viral genome while others

contain highly rearranged viral gC:1l0IllCS I(\~(slon et al .. Il)X2: Naga,'a et al., 19H7;

Yokosuka ct at, J9X5: Hino ~'l a! .. 1')10(1)),IIBV integrations an,' alsll I.' nnmonly

associated with chmmosomnl (Ihlllil'lllulith:s including Jarl'l.' deletions IIlillo ("'1al.,

19X6; Rogier ct al .. 1<)X51. duplk,Vinns (Mil.uS:IW a lot al .. 19X5; Yaglnuma ct ..I..

Il)X~; Tokino ~t nl., 19X7) and chromosomal trauslocutions (Hinu et al., 1t)X(J;

'Iokino et al., 1l)X7). This. in nssociatiou with rearranged I1BV DNA hm; led til the

tIH~()I'Ythat post - integration 1\''i!'I'an!ll'Il\\,1\1 is an important mechanism involved in

generating mutations 1Il cellular I)NA, Such rcarmngcmcut may completely cluuuuue

Imv DNA frc>1lI spc..'dlk I.'dlulal' sill'S although direct evidence for this has 1\0\ been

dcmousrrntcd.
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wild-type fiB V genome (Kckule f't al., II}\)O) and ha\ conly bCL'1l detected in

integrated lIB\, DNA cloned from IIBV-assodill~~d IIC(''s, Pll~S2 S genes code fell'

('-tcnninlll!y truncated middle surface proteins (M I !Bs'J which have been

demonstrated to possess transactivator activ ity (Hild; l'l al., 1l)!)2), These proteins arc

localised in the endoplasmic reticulum (Meyer l~tnl., lIN:!: Hildt ct ul., IlJ92) and

can utilize the trauscription factors AP-I, AP-:! lind NF-kB 11.11' transuctivation (Meyer

et ul., 1992: Natoli ct ttL, 1992; Lauer ct ul., 19'),~), It has been hypothesised that an

indirect mechanism involving excitation or one OJ' several signal transduction

pathways conveys the transuctivator effect Ii'om the l'lIliopl:lsmic reticulum III the

nuclear Iranscription machinery (Hiklt ci al.. 1992; Lauer ct ul .. 1992; Meyer ct al ..

]l)l)2; Lauer Ct :1.1,.I l)l}4),

The high correlation of Bec with the Slll'nlC~ antigen carrier stulc (Ikasli!~. 19XX)

and the observntion that Oil!') third of lIBV -nxsociatcd Iln"s harbour at least one

trunsactivating Pi·I.!~';:!!SI gene (Lauer et ul., t 994) sup] orts the notion that

chror. c.sotnally intezratcd preS2'S' genes mlght contribute to ImV-ilssociated liver

';', '·'.IIl( :: .nesis, however, definite evidence ti.1I' the presumed oncogenic potential of

this unnsactivator still has to hI.' established.

1.5.4. The~II'c(ic~tI conslderntlon .. of the meehunlsm of oll':ogcncsis.

The flnding that (I< '("s arising in lIB\' carriers contain hepatitis \ lrus int{!gratiolls

has raised much interest ill till.' proCl'SS or JlBV DNA Integration and its role in the

development of 1«'(' (Slllnllll.!l's ...'1 .\1, I'JXO; ShaH'ill l'l al., )1)1< 1: Dr;' " "t al ..

1\)X.~). The integration process c:1I11l1l1 be I'l'pl'mhICl'd ill \:uItUl\'11 cells, Therefore,

IIBY integrants in I It'("s haw been analyzed in all nttcmpt til understand their

effect Oil the induction (l r I I( '( ',
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The \ aricty of different X rI'SpllllSi\\! trnnscription regulatory clements, the failure

of the X protein to dil'l.!ctly hind any DNA sequence (Wu et al., 1990) and the cell

specificity of the X unnsactivation effect (Sclo l't nl., Il)HlJ) suggest that the

tmnsactivution mechanism dllCS IWI involve a direct sequence specific interaction

with DNA hut is probably mediated through an effect on cellular trauscription factors

(Twu ~J n], 19(3),

Recently, Kckule p1 a). (1<)l)31 ,iisc\)\'l.!led that the IUhAg causes an increase in the

endogenous protein kinase C (PI(Cl acn vator, sn-I.2 diacylglyccrc , with the

subsequent activation nfthc [IKe pathway and thus the 'lclivlltiotl of'the nnuscription

factor Ap·l (Jun-Fos) and other PKC-dcpC1H,kn\ transcription factors (AP-2. NF-kB),

The PKt' signalling pathway mediates tumour promotion by gl'Owth nlCtors, mitogcns

und phorbol esters and thus ovcrnroduction of P((l' \:,l\ISCS disordered growth in

mnmmuliau cells. This mccnunlsm lIIight accountfor the oncogenic p' ;:4,.'ntilll of Hlsx.

The ~\ gene, encoding the uunsacnvutor protein IlBx. could he oneogcnlc however,

the Iilct that the X gene a""~ars to he pre...cnt only in u pan of IlBV-llssnciated

III 'C's limits the rule of'this tl'an·.adi\ .1101' ill liver \"ul'cill<lpc:tlI,'si'i (( 'huo \.'t nl., 19H6;

lmai ~t al., t l)X7; Nagayu ct ul., 19X7; (,h~1l ot al., 19XX),

1.5.3.4.2. Truncated pre SIS gene transaetlvater

The second HHV-cl1clIdcd tr"lls:ll'th (ItOI' is !.!;.'Il\,'rat\'d anl~1'" uuncation or the lIB\,

middle surface gene {I'I'I.'S2 S, t 'asclmnun ct :11.. 11)1)0; Kekule ct al., IIJIJO). The

pt'\.'SS sequences have eS<'l.'lllial hiulngit-al luneuonx including till.' l'I.'glllation (II' \ irus

assembly, the involvement in virus uuuchmcut to the hepatocyte and the rcgulution

of the genetic restriction of the irnmuuc response (Pouth-so et ul., II)XI). However,

in contrast h) X, the V·lrtmc:ltl!d prl.'S2 S Ipl'I.!S2 S'l wild-type is not active ill till'



1.5.3.4.1. X gene transactlvator

TIll: X-ORF encodes u viral trunsuctivator, the IIBx antigen Ollh,\gJ, which ill

tissue culture cells can function liS II trnnscriptkma] CO11tI'!)I clement III uprcgulurc the

expression of other viral genes (Twu and Schloemer, I t)~7: Spanduu and Lee, II)XX;

Scto ~(~11,I(90), Thus It possible mechanism for the development of 1«,'(' could be

that the trans-nctivnting properties 0(' the! lBxAg could result in I!I!H transformation

by activation of a cellular genets), resulting in tumour formntion after a long latent

period (Twu and Schloemer. 19H7), Since the HBV genome has been found to be

integrated into the cellular gCl10111c within the rmv X gene region (Koshy ct al.,

19X3; Dejean ~~ 1\1., 19H4b: Shaul \!t til" 19X4). it is possible that a fusion protein

consisting of part of the HBxAg and part llf a cellular protein could possess nuns-

activating activity (Twu and Schloemer. 1(87).

The HBxAg has been shown to activate trunscription of a number of' genes

controlled by regulatory sequences, These include, human intcl'fc;..ltl-U gene (Twu

and Schlncmcr; Il.)X7). human immunodeficiency virus type-I (Ill\' -I. TWlI and

Schloemer, I t)~7; Sl'to ct al., Il)HH; Siddiqui cl ;11. 11)~Nl.sillli:lIl virus ,W (Splillduu

and Lee. 19HK; Zulun ct al., I\}~H; '1\\'\1 anti Robinson, I%l); TWII ct ul , 19X9). the

e-myc promoter (Kuih~1! 1.'1 al., II)H7; Koike ct al .. 19X1J). thl..' ROllS StlrC()(1HI LTR

(Zahm ct al., [9HH). A(>,·2 binding sequences (Selo cl al.. 1(90). c-jun pl'Oll1ntCl'

('I'wu ct ul., I993; Natoli ct al., 1\)1)4) and IIBV rcgulutory sequences (Spandtlll and

LcL.1, ll)HX; Siddiqui et al., 19X9), Uelll!S known tll Iw activated hy thL.1 ilBxAp. when

they are expressed in cells iucludc illtl'l'f'cI'III1.I,1 ((\\'\1 and Sellh~Il1~'I'.19101h III V

(TWlI and Robiusou, 19X()). class I major histocomputibility complex Pol'l\l.' and the

e-myc gene (Koike et at. Il)X7; Koike ~t al .• Il)Xl)).
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is that in the vast majority of tumours with p53 alterations 111\.'1'1: arc mutations in

both alleles (double hit hypothesis). Such double mutation b known to be

chaructcrlstic of tumour suppressor inactivation (Olincr, t l)l}4).

The wild-type p53 protein hils a very sl1(,I1 half life and is present ill minute amounts

in normal cells, The mutnnr 1'53 proteins have a longer half life (Oren ~.tnl" 1981 ~

Snnzbcchcr 9J n.l.. 1987) and arc present in high concentrations, The ratio of mutant

to wild-type pS:i in a cell could be critical ill regulating cell division as over

expression of the wild-type protein in u cell with mutant p53 pr.1tcill suppresses

transformatlcn (Finl~y \)t ill" 19H9: Ellyahu g! '~1.. 19H9), c~11 growth (Baker I!J ;11..,

1990: Mlchalovltz ~,t~lJ., 1990) and the tumorlgcnic potential of the cells, It is

important to note that in H8V~rt!lated HeCs, viral integratlo» is an early event

(Takada SJ nl.• 1990) whereas p53 mutatio..s appear to cccur later on during tumour

progression (Tall aka ~~,;\!.. 1(93). Acquisition of 1'53 expression may be one of the

rm001' steps for unnsfcrmation of the tumour cells into cells with more aggressive

biologieal behaviour dul'illf:!, the course of turnout' growth (Hsu £t HI., 19l)~),

1.5.3.4 Transactlvatlun

Recently two tr:llllluctiv(lLOrs. tl".ll1s·;tcting proteins which function by inacasing

transcriptio» from the targt:t promoters, encoded by the HBV genome have been

identified. The first on!.) i~the X gene product (Twu ami Schloemer. 19H7: Zahm ~!

a\" 19HX: Seto c~ ~ll.. IlNO) Hill! the second one is a product of a truncutcd preSI:'

region (Kckule ~.ta! .. 19l)O), Both may piny a role ill the development 1)1' J In',
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studied (Slagle ~t al .. 19(3), I luwcvcr, the genes that I. ,.y serve tis potential targets

IIIl' the selective deletions on Chl'lll111IS(}I11CS 4. ~q. I IP and 13q remain to he

identi fled,

The presence of mutant p53 has been reported in mall)' human carcinomas (('attol\~tti

et al., 19HH: van den Berg ct II!.. Il)xl); Bartek ~~tal., 11J90: Iggo ct al., 1990:

Gutcrscon ~t nl .• 1991: Levine ct \11.. 1991) including IICC, The exact biochemical

function of the wlldtypc p5J protein is unknown but it is thought to trunsactivnte the

transcription of a set of genes that may down - regulate cellular gl'Owth related genes

(Fields and JUtig. 1990; Raycroft ~l lIJ.. 1990; Olincr, 1994), inhibit cell cycle

progression, cell division and transformation (Finlay ct ul .. 19!N: Baker Ci nl., 1990;

Olincl', 1994) and thus act as II (1l1l10UI' suppressor gene. In con trust. the mutant thl111S

fail to do lit) and thus contribute toward oncogenicity (Finlay et ul .. 19X9; Fields and

Jang, 1990: Ruycroft I.,)t "I .. 199(): Levine et ~ll.. 11)1)I: (>lillCl', I()l),l),

Mutatlons in the p5~ !lIme have been found in (X-5H":, or the: lice's collected HUIl1

various gcographicnl locatiol1s ill the world (BI'CSSIW el n.I •• Ill9 I; HS\I et al., 191»;
Murukumi et ul., I ~)')1: Bcutow I.!( ul., Il)l)~: Oda et ul., Il)l)2; Scorsone ct :\1" 11)1)2;

Sheu q( al.. 1l)l)2: Lui ct al., 11)1»; o Ii11cr, 191)4}. Tl.e majority of pS3 mutations

identified an: missense changes ill one or four "hotspots" located within exons :=; to

H or the gene (Hulbtcin ~t al.. Il}l}l: Levine \l.t al., JlJI) I: Vogelstein and Kinzler,

1(92), Other mutations identified an.'microdclctions and hasc insertions (Mul'Ukami

et al.. 1l)91: Odu et ..I.. II}lJl" (odon 249 is u mntationnl hotspot f(JI' f {('( "s from

southern Africa and ('hinu which is thought to be related to high aflatoxin exposure

ml'\,~Ssl\C et al., 1l}l) I: llsu et al., 1\)91: Scorsone et nl., (99:). An important !intt:ng



2.4.1 .. nbl'llilJJ! of l>~A probe

Fill' eaeh screen ~()(I 1I!~IIB\' I )NA was lahdk,t( wilh 11I1(1rl.~sl.'dll~II ..dl t IV (1'1-

dl 1'1'1') using the random primed hexamer l:thl'lli,,!! prtll:l'SS al'\'llnling In the

Amershmu enhanced chcll1ilulllill~'''n'IH:1: IFl'I ) protocol,

.~()() Ill! IIBV ,lrohl.! was dilute-; til 20 ~IJ in sterile distilled water 115 Ilg'~II),The

IlNA WilS denatured by boiling for ~ minutes followed hy snap conlin!,! nil icc, 'lu

n mlcroccntrifuge tube in an icc bath the fblluwing reagents wen: added: I,~ ~tIsterile

distilled water, 1(l ul uuclcotide mix. :' ~tIrandom uonantcr prnncrs, 10 fll dt'UilHII'C;,(

llNA. 1 ~ll lel units) DNA puIYIll\.""\SC I "Klcnow" Ibgltll.'ttl. Till.' tot,ll \'O!tIIIW t."."illll

:"() ul, The reaction mixture wa~ incuh::Il'd in a water hath at l7 (. til)' i hour. J he

reaction was stopped hy the addition '1f.2 ~II O,"M 1~lnA, The labelled pl'ube:->WI!I'I!

st('I'<:d at ·:W C in the dark

A 1o' dilution 0(' the umplifled TUl1gll{ '{' gl.:Ii,;mk lihrary I\':IS prc..'pan'd t1si'lg

phage butfl-r, IO(J ~tlllr the dilu[\:« I'h,,!!,I..'was add""d til lOll ~t1or !I,t'uli Y 101)0 cells

prepared as dl.'s",'l'ihl.'d ill section 5.1. Ill ..' "hag", 'WI'",' allowed III adsll!,b 10 the

bacterial cdls by incubating fill' 1,(1 minutes lit J i t '. .~ nil of' m ttll' agal' ut a

11.'111(Wmltll'\· ul' .l." t ' was added III the mixture, \lll'h~\\'d )!.\'l1lly and inunediatly

poured onto an IB plate (IRX cur' t~ll' first scree ..u, I'\...~\)1'1"\\";m11cI: III .ne Thl'

plates had hl.'l.'lI 1'(;\\:\',1 al 1',10111 1..'lIlpl'r:lIU1\· IIn'rIli!'ht III 1\'11111\ I.' any' \'\I.:\.'SS

moisture. Ten plurcs \\'1.'1'1' l'rl'pal'l.'d at a time and \WI\, illnlhatl.·d ar r,t (. oWl'llight,

('at'l~W:IS uken that till' plate- t!.I'l'W10 ('olll1l1l'n('\' 1\ ilh"Ui "., IllaqlIC,'S tlludlillg l~acll

other. The fi.Jllowing llIumi!lg Ilw "hlll'S were 1'1.'IlII1\TIIij'tlllI lh~ invubator and placed

lit " (' IiII' 15 hours It I hilnkn :hl' agilr,
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10 Ilg of pBlU22 plasl1lid 1»)\;;\ clllltaillill)! mscrt liB\, \Va'> (lipc"t~'d with .W lIn!IS

Bumlll al .~7 (. till' 3 hours. lite entire I't'actitlll mixture was electrophoresed tln!luyh

a O.K"" low mclting temperature a!1.arl):"~'gd (ScpP.atv··l.l\ll. :\nl\'r~halll).

The IX!'iO and USO hp 1i'\lf,!lll~IlIS W~I\' isolated ('rPIlI the t',d slicl:s w..il1!1 un

improved phenol-based method developed I'y Favre ( lIN;:!), T!:,' two I>NA Iragmcnts

wc.e ':II( nUL of the ge! and placed ill a microccntritug« tube. Any buffer thai came

witll the slice was removed. l'he \OIUllW nf the gd section was estimated from its

weight, I volume 1'1\ buffi:r WlIS added and till.' mixture placed ill a wutcr bath at

65 (' Ior 5·1 () minutes. The solution WilS pilwtt~'d lip and down to mnkc xure that 1111.'

agill'OSC was fully melted,

1t1lllMlitlidy t\n~'l'wards. I \ olumc of'Tris ..bum~l'l'llplH.'Jiol (at 1'1)(1111 1I:1ll1WI'UIu1'1: ) was

added. Til .., solutio» was 1111\,'11tilnrnllghly hy inversion and l'cllU'ifll!!l'd [i,l' .~

minures at 12 OO!)rpm (at room temperature). The cxtruction was repented and the

aqueous phase Jtlll\ l'~!to a new tube ~'(Illtaill irW 0,1 \ 1I1111lWIII'·l 1\:1I i( 'I and mixed.

A white precipitate appeared itmucdiarcly. The tube \\ as placvd 1111 h.'~'tlll' 2 minutes

and then SpUII as hl'lill'l'. The supernatant \\as transtctred hI a Ill'\\ tuhe 11.':\\in!, a

transparent pellet. I It! "I' it 20 Ill!! Ill! !,lyrogl'l1 solution was uddvd :I:, a carrier

molecule ttl improve till' I'llal yield 1If' DNA. ~5 \ OhIl1H.:.~ of eokl ethannl were

added, the sample mi\\'d hy' in\ ersion and kt1 at o<i{l (' til(' 30 minutes. AnI'I'

l~ellllinwalh'lI as before the pellet was washed with I mint' cold lO"" ethanol. dlWti

under \ acuuru ,111\1 I'l'SU,,\ ,'lIlkd ill .~o~tll,.'lr.



l'hc plasmids \\\'1\' isolated using th ... P]a';llli,1 1\1i1\! IlI<'p;llatHII\ kll (,lla)!"'l1) \\ hill!

is dcsif!.lh:d 10 obtain quantities Ill' up to '\0(1 llg plusnnd 1)1\1,\ hom 150,·,':;00 IIII

I:UItUI'CS of LI'oli.

Residuel protein wax removed Ihun the IlN ..\ solutiou by till' addition of' un equal

volume 1Il'l'l'is-cquilihmtl.'d (I M) phcnol-chloroflum tAnntceh, pll 7,,1) followed by

ccnu'iliwution till' S minutes at 12 (10(1 g in a microluuc at ,1(', Any rcmuming

phenol in the aqueous phuse was removed hy the addition or ~Ill1.''111:11volume of

l'hlul'ut(lI'!n:isomllyl alcohul (;1-1: t) und centrifuged as bdill'l'. 'lhc aqueous phase,

l'llw.lining DNA. was I'elaine\! mHI stored at ·,;W(',

Plasmid L)NA was quanlilkd hy vlccrophoretic comparison to known quantities CO,I.

OJ lind (),~ p!,'/~t1)of llneur r .amhda plmgl.' DNA IBlldll'il1!!\'r Mannhclm. (j~l1mll1Y)

run through a O,HI!;, agal'Os~' ucl,

2.4.1. 1.2 Isnlatlou uf 1)I'ulw f,'olll "'dol'

The Imv slIbl::I1I' adw P.~'llIIJlW has il Bamlll restriction sill~ at position IX.'iO t'I.'lativl'

til the h:llR I site, 'Ihe iiI'S! T of th~'"'t'(IUt'I1t'l~ ,'I'iiAATn' in till' 1+) "lnUll!

I:01TC:SPI 'lling to th~! ,!"Iqll~~io:l:nR 1 site that exists in most P.~'II()IlWS i'i used as

1\'I~~I\~IK'I.'ol'i::1,11\ ol'thv pbyskillll1\1p, 1'-.\1('l\-olhll· Iltllll1wrillt' is Irom ~'. )~' in the (,,)

strand. W:\~11l tJw HCIIR I ~itl' dll~IS filiI l'\i:-.t llw bas~' 1ll'L.·lIl'yilll" tlw same nosiuon is

taken w; PI'Shlllll 1. As 1\111\\'\1 \'ll'lIsl':' sequenced tu dah' have till' S(lJlll' k~llgth, !Ill

sllllldanlis~'d mlmh~'I'illl! system Ita:·; h'l'll PI(lPII~l'd 1\\'" ill"] Johsoll .1I'd III,llllis.

fI}~,~). Ih.'~trktillll or thl: 111'11\11'gl'lll'lall'S 1\\\1 ti'a)!,IlWl\h I)f' \11'1'1'0\11111\1'.1> I)I~() hp

and I ~~() bp in k'll):!,th,



2.4. Screening of the utuplifled TOlIglll(,(, cell llne l!,L'fwmk JiI)I':U'~

2.4.1. SCI'l'cnillJ,l 1'01' Integrated liB\, DNA

The 'long. II( '(' n:1I lme gc.'llo111ic Iihrary was screened !lll' the Pl\'S'~t\I:~ or I!BY

DNA using Imv DNA lnbellcd with the Amcr ...hnm vnhunccd chemiluminescence

(ECI.) random prime labdling syst~'l11(RJlN W,W),

2.4.l.1. P"cpIH'uthm of labelled DNA prol)\'

TIi.: probe. cllllsisting lit' the entire 1Il+V g~'n(Jl1W U ,2 kb) whkh had hl'~'11 inserted

into the Btlll1H 1 site lIt' I'B1U2~ and suhscquemly used til infect 1':,I'(l11 strain I JB 101

cells, \vns kindly supplicll by 1',,11'.I, Dcwu. of the r rllin~l'sity (If the Witwatersrand,

2.4.1.1.1 LIU'gc scull! isolntlon nf ptasrulds containing lIB\, gc"1l01lU'S

The unnsfonucd (o:,~~lIli I (B I01 ~dls fuun t11Y~I.'IHI Irozcu ..tucks sl(ll't'd at u70 (' \WI\'

grown up overnight at 37(' \11\ I B plall's slll'pkllll'nt~d wilh ampicilliu (I ()O ~11!'1l11).

A sillldc colony was picked \Iff and inoculated into I () 111101'I.B llluliul1l {ampicillin.

SO ~lgill.; I, This t:ul'ul'l.' Wits illl:lIh"I~'(1with ',haking at .~"'( . overnight. The following

morning a M'I.·(lIldary culture was pn'pilh'd by inoculating 1 III I of the overnight

culture into SOO 11'1 of' I.B mcdlum til wlnch had IW~'11 added umpicilliu C'O }l)!. ml)

iIllt! incubated at .~., I' until thv Oil", •• luul rcached (1.(1 (upproxiruatcly .!5 hours).

The huctcriul cells were hill\ estcd h.~ ~l'lllrir\lgalillll at .~XIJO )1. Ii.ll' 15 minutes ut ,f ('

and washed hy n'slIsp\'ndillg the "diet in I()(lIIIII(I' cold Sll· ('\lIli.r. rhe eel Is were

collected by ccntuluuation :I" hclorc.
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expresxex L'ndogcl1ous ~.,f1alai:tosidasc which dovs not allow fill' tll~' \:lllllUl 'id~di\ln

of rccombuumts or IPH i indu..:tion til' l·\PI\~s'ii\lIJ.

The Ihlluwing morning the number of plaques were counted, the PClcclllage

rccomhinants and the tttrc or t!h lihrary determined, All ti}('ll111las used an: shown

in Appendix B,

2,3, Amplificatioll of Toltg/II( '(' genomic 1ibl':l1'~

200 ul of the TongHt 'C genomic Iibl'(1) was made up 1\1 20 III I witl: phage bu ffiJr

(n 10" dilution). This was divided into 40() x ,iO ~d aliqllots and added 10 40() x

:200 It! of lreshly prepared F.eoli strain Y 1(ll)() cclix PHI 11\1in total) prepared as

described prevluusly. The phuge WCI\' allowed III adsorb III the bacterial cells hy

incubating al 37{' fhl' 30 minutes. J III I pf TB top ugnr (at .~!,C) was added 10 the

udsorbcd phngc, pl\\II\·d oilIn l.li plates prewunned (II .~7(' and incubated at 37('

overnight, The next mornlng .~ ml or phage biln~r was added 10 each plntc

containing the pluqll\.· fill'llling 1I11its tptu), TIH.' plates were incubutcd at room

temperature t~.'l'1 hour, '1'111''IB lup agar contuining the pl'us was scraped nrc using

a p,lass spreader und cullcctcd ill a flask. TIll' slllulillIl was agitah:~! lilt' 2 hou!'s at

room rcmpcraturc and then ccnul nlg~'d at ,\ O()!) rpm lor L" minute» ut ,I(' to remove

the top agar, 'l'hc supcrnntunt was collected and the l'cntrirugati(ln 1\~IW.ltl..'d twice

more, (I,V'" chloroform was added 10 1he collected supernatant. The tim..' Ill' till'

library was dctcnmncd as dcscrihcd in section ~.~ 01' this chapter, St\wks of the

library were prepared hy adding dunethylsuhoxidv {()~1S() I III u final conccntmtion

of "II! II and sforin!!. at ·70 t ',



2.2,5. Turutkm of pnclutgcli plmge Oil LB "hiles

2.2.5.1 Preparatlen of bacterial culture rOl' infection

E,coli strain Y I()l)() (r) was used as host (tH' thl' packat:!~~dligated DN A HlIlI E,c(lli

strain LE~t)2 t'bl' the positive control. H.coU. strain Y 1()l)() contains the plasmid pM( '\)

(Amp', Tel'), To maintain pMC9 it was necessary til initially streak strain Y IOl)Ilon

LB plates supplemented with 1Il0 pg!1ll1 ampicillin LInd 15 ugml tctrucycline. All

subsequent growth occurred ill the absence of' ampicillin and tetracycline,

The bacterial culture wns prepared hy inoculating 3 lilt uf Luriu-Bcrtant (l.B)

medium, supplemented with (J,1";. maltose ami t () mM MgSO.I• with a singl\! ~:uluny

from a freshly streaked plate. The culture was incubutcd with shaking at 37 C

overnight. A second my culture was prepared by inoculating ;'O() ~t1..~r the overnlght

i,:liltlll'~ into ~() 1111 of LB medium supplemented us before. This culture was

incubate, 'th shuking till' 25 hours ut ~7(, 0\' until the on',\KI had reached O,(I-O,N.

2.2.5.2 Tltratlon of the llaclmged phl\ge

A tenfold serial dilution 1)1' the packaging ('c:t'~lilll1 mnging trom I() I to I() I" was

prepared using phage buffer, 100 ~L1ol' th~' diluted phage: was added to IOil ~" of

freshly ptcparcd ha\~tcrial cell ... The phat!~' \\'l'I'C allowed hI adsorb to 1:,1: bucterial

cells hy incuhating at .~7 (' It)!' Jf) minutes, ) IllI of TB lop agar at ;1 temperature oi'

,~:\(' was added to lh,,' mixture, vortcxcd ~wlllly anti inuncd ill II), poured onto ,\11 I.B

plat~' prcwnrmcd 10 ,n(', The platl's \WI\' lncuharcd ovcrnigln at n ("

The top agar contained IPTO (OJ ml of II :!O mgml stock solution) und X-gal ( O:!

ml of II ,')0 Illg ml stlld. SIlIlltiOI1 1'1\'pilIl.'d ill dunctltyllorrnamidc) tor colour

.~I.'lcJ·d(lIl, This was not included tor the positive eontrol OI!-I L\;uli strain l.I':W~~
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fiJi.' IU'\'SS 01' th~~ ligations and the uptilll'll ratio "I' lambda gil! arms til [)NA

insert was determined by rullning all aliquot (11' vuch reaction Ihroup,1I a (I,H"" agat'oSC

ucl, to view b:md lntcnsiy, and a 0,1"" agal'os\' FI.'I poured Oil a I"" base. !l:

distinguish any molecular weight differences,

2.2.3.2 Ligation of Lambda gtll arms and ":t'oIU dig~st('d TonglU(,(, l>NA

Five reactions, each containing. I ~tg (If inSCI'! I>NA. I PI-! of Lumiula gt 1t <Il1l1S

(molar ratio of 1: I I. 3 l J of T4 DNA ligase and lux Ii!!lls,<'buller made up to a total

volume of I() ul, were incubated at J·H.' ti.1I I~ hours, An aliquot {If each reaction

was electrophoresed through a {J.HIl" agarosc gd to observe if ligation had occurred.

2.2.4. In vitro pllckngillg of ligated I>NA

The llgutcd DNA was packaged ll~ing Pl'Olllc!_.\a's Puckupcnc ill vitru packaging

system ( 'at. no, T3:!()()j. All th I.! ligution reactions were used. A positin' control

puckuging renetkm wns performed concurrcntlv w,ing Lambda !'IX57 .l,i11l117 llN,\ thilt

was provided with the padwging system.

Six pa\!kaging exuucts \\,~I"" thawed out on icc, To each I,'xtml·t OIW or Ih~ allow

ligatiou rcnctions illdllliing tilL' posilh l' l'lInll'lll reaction W;\S added, mixed in hy

gently lapping the bottom 0[' 1111.'tube and mcubutcd at 2;! (. lill' .~ hull!'S,

After packaging IIl'th,,' lignlnl DNA, all S I'l'al·tilll1~ \\\.'1\' pooled .uul 111mk up \11 a

tolalllf2/\ ml with I'hag( butler I,.~O1lI:\1 'irih,lll·i. JIll ?A. 100 mtvl Nilel. to Ill[\.1

MgS( l,l, I ml ofchlorotoun \\ as ,l\hkd and th~'mixture slnn.'d nl ,I ( '. The piH;k,I,'

p(lsili\~~ 1:0 11t 1'01 WilS made lip til a lolal lit' ~()() pi with l'hilgl~ bllm'r .. 1S Itl III'

~:hl!)J'llliJII11 was addl,'d and SIOI\,1[ al ,J C'.



2.2.3. I.i~ali()ll of Lambda gtll arms to TunglllCC genomic ONA

2.2.3.1 Uc(ernlinatioll of oplimltl IIgahmt conditions

A series of test ligntions was performed (0 determine the ratio Ill' Lambda gt II arms

to insert DNA that would tonn optimul li~ati\l11 conditions, The molar concentratlon

of the Lambda gt J I nrrns was kept constant while the amount of insert DNA wus

adjusted. Lambda phage gt J 1 arms were bought \IS predigested, dcphosphorylatcd,

purified EcoR 1 arms (l'nuncgu, cut. no. TJ2(0).

The reactions WC!'C Sf'! up :IS described in Table 3,1 and incubated for 1H hours at

14(',

Concurrent with the optimisation ligatiolls II posltlvc control Iigatiun was set lip

uslng the pSP(14 Vector (~ (11)I}hpl predigested with HcoR I (Promegu), The reuctiou,

containing I ~Ig I.ambda gt I I FcoR I III11lS. OA ~l{! posith ~ control insert, J II T4

)NA ligas\,' and lux ligase buflcr made up til a tmal volume \d'}(1 ul, was incubated

tit I·~t' for 1K hours,

Tuble .23.1; ()ptilllil.alltlll til' l.ambda glll arm ,., >NA insert ligation

1.\ mbda gt l l arms
(11..0;IltHll; I ~Ig - IJ,OJ" pmol)

Insert DNA
( 10 ngl~d; to Ill!; (),()().~5 1'111011

1ig.:ISl' lOx hum'!'

nuclease Ih~\" r r ()

2~11 l~tI 2~d

.~JII 2~11 l~d

I~tI 1111 I~II
·~Ill -l;.lI f',d

I III IIAI 1II1T.t DNA ligase (.~ Weiss nnitsuh 1111
___ _- - .. __ ,'.,,~ ................",'...._.~.... _,__..._... ~~" ....~........ :O'"....__~;)1-.., __ ~~_O>..# .. ,~._~.;.._ _ __; ..;.__
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(Jilt!- of Tong lice genomic DNA was digestl.'d with .:0 units of FcoH I (Boehringer

Mannhuint. Germanv) at :~7(,. 5 III aliquot» WCI\! taken alter .". lO, 1:;.20. :;5 and

30 minutes of digestion. 1 ~d of' 0.1 1\1 EPTA (pH X.O) was immcdiatly added to the

sample which was subsequently snap frozen at ~7() (. until all the samples had been

taken. Uncut DNA was included as a control. All aliquots were heated at 6X (' for

10 minutes and run on a ()A% agarose gel poured on a 111>;, base to check the extent

of digestion.

2.2.2.2 Large-scale prepnratlun of pUI'tiully digested gl'llOmic DNA

Using the optimised conditions determined in step 2.2.2.1 a large-scale reaction was

carried out.

ISO ~lgof Tong/ltCt.' genomic DNA was digested with 150 U of EcoRI at 37 (' fOi

20 minutes. The reaction mixture was snap frozen at "70(' and an aliquot removed

for electrophoresis through it OA'! j) agarose gel poured on a Ill;) base, to check the

degree 01' digestion. Once it was ascertained that the majority or the frugmcnts were

in the size range of 5-7 khp the: reaction mixture was removed from •7(H', 5 ItI of

0.5 M EDTA (I'll lUll added and heutcd at MlCit>!' 1() miuutc« to inactivate the

enzyme.

The I':coR I restricted DNA was precipitated by adding 0.07 volume .1 M sodium

acetate (I'll e.n h ;2 volumes icc-cold ethanol (Merck! and store.I at -70 (' OVCI'I1 ight.

Aller centrifugation at 12 ()()()g Ii. 11' t 5 minutes in a microlugc the pellet was washed

with 7()t~)) ethanol. Follllwing a repeat ccutrifugation the prccipiuucd DNA was

dissolved ill distilled water ai a concentrntion of O,:?S lIt! It! ilnd stored at -20 C.
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hours, The dialysi» tubing used (M\\' cutoff'> 11000 I was prepared as per Sambrook

9.1!\}. (19X9). Allowance was made ttlr thl.! volume or the sample to increase 15-1.0

fold.

After dialysis. sodium acetate (pl] Cl5) WIIS added to a tlnul concentration of OJ M

and was followed by the addition of O.Rvolumes ul' isopropanol (Merck), The tube

was inverted gently end over end for t () minutes. The precipitate of DNA was

spooled out with a glass pasteur pipette with a heat scaled end und placed in 1 m1

of TH (pH lU». The DNA was dissolved by leaving the tube rotating overnight 011

a wheel (20 rpm) at 4C,

Genomic DNA was quantifled by electrophoretic comparison to known quantities

(0.1. 0.3 nnd 0.5 ~lg/~d) of llncar Lambda phage I)NA (Boehringer Mannhcim,

Gcrmuny) run through a O.X'!II agnrose gel. To check if the genon-lc DNA had :1

hlgh-molcculnr-muss a sample was run through a 0.2% ugnros _ gel poured on a I f~il

SUppOI't at 4('. Purity of the prcparntion was determined by spcctrophotomeufc

analysis at on.,,,,, and OD,~",An OD'hn( )()~K(I reading between I,R and 2,0 indicated

the DNA preparation was tree from cont,uninating pmtein, phenol 01' isopropunol.

This mcthod yielded glm11lllil.: DNA with II conccntrution lit' ().:2.() ..~ ~Ig/~ll. DNA was

stored at 4 ( '.

2.2.2. Partlal dlgestlou of hi~h·Il1()ll;'culliNlUISS ~cnomil' DNA

2.2.2.1 Optlmil.llti()11 of resrrlcuon entluuueleuse dlgestioll

In 01"11.:1' to cstahlish the time period required to generate Iiugmcuts with an avcrugc

size of 5~7 khp the tollowin, .. small scale reaction was performed.
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The monolnyers WCI'I! washed twice with icc-cold Trts-buffercd saline (rr~s).A

rubber policeman was used to scrape the cells into OJ ml of TBS which was

subsequently stored 011 icc. The Ilasks WCIl' washed with I Ill! of TBS which was

combined with the prcviou ...wushi:lg. The cells were rccov crcd by ccntrifugntlon at

I 5001-( for 1() minutes tit 4 C in u Beckman bench hlp centrifuge and resuspended

in 10 volumes of icc-cold TB~. AHci' a repent centrifugation the cells WI!I'C

resuspended in 1 ml TE (pH g,O) at a couccnuntkin of 5 x 1 O~cells/nil, The cell

suspension was transfcrcd to a 50 1111Erlenmeyer flask and IOml of extraction buffer

(10 mM Tris-Cl, pH H,O,0.1 M EDTA, pH H.O,20 ul/ml pancreatic RNAse A. (l.S'!"

SDS) added followed by Incubation fbr I hour at 37(',

Proteinase K (Boehringer Munnhclm, (31.)111111I1Y) • .IS 'added to a final conccnuution

of I00 ~lg/ll1l and gently mixed into the viscous solution using a glass rod. The

suspension of lysed cells was placed in II water bath for 3 hours (It SO'C and stirred

regularly.

The soluticn was cooled to room temperature and poured into a centrifuge tube. An

equal volume of'phcnol.chkuuform.Isoamyl alcohol (25:24:]) was lidded and the two

ph uses mixed by inverting the tube gently and repeatedly lor 10 minutes. The phases

were separated by centrifugation :It 5 OO()g 1\11' 15 minutes at room temperature, A

wide bore pipette was used to move the \ iseous uquenus phase to another centrifuge

tube and the phcnol.chloroforrnfsomuy; alcoho! extraction repeated twice more.

After the third extraction the uqueou» phase was dialysed .:I times against 4 liters of

50 ,11MTris-Cl (pH lUll, 10 mM EI>TA (I'll H,OI at ·H' O\'CI' a total period uf.tx



2.1.~. Propuratlon of s(()cI~ cultures

Vlab!« stocks of Tong/Ht.",' cells were stOl'\!d at .7()(' in NlJNC cryotubcs at a

concentration of qt. I.:!x I Ill> cells-nil. Freezing 01' til.: I.!dls was performed as

follows. The cells were trypsinizcd (O.2S'!;, bovine puucrcatic trypsin, D.2";, EDTA)

and washed by resuspending in RPMI 16..JOwithout FCS followed t;y centrifugation

at 800 r.p.m, The washing W,lS repeated and the pellet rcsuspendr- in u freezing

mixture consisting of 90% FCS and 10(% DMSO. The cryotubcs were insulated with

cotton .Yool and tin foil and placed directly into -70 C without any imormcdlate

cooling steps. This method resulted in a HO";, minimum viability (\1\ thawing and

reestablishment in standard conditions.

2.2 Constructlou of a Tong/liCe (!cll linc genomi(! library

A Tong/Bee cell line genomic library was created using lambda phugc gt II. All

solutions used are described in Appendix A.

2.2.1. Isolauon of Tong/liCe gl'llomic I)NA

High-molcculur-muss genomic DNA was isolated according ttl the moditlcd method

of Blin and Starford (1 '}7(l) in Samhrook d al. (19XI» 11'11111 the TOllg'l J( '(. cell line

developed previously by Stevenson ~t al. (\I)H7). The Tong HCe cells were l:!l'o\V:1

in rnonolayer culture in 7~ em Nunc Tissue cuhurc lla·J,s. Ca. I x Io: cells were

used lbr each extraction.
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:t1.2 Partial dil~,·o;(i()f1of high-lIlllll'{'ulaNuliss gl'llllll1ic n~A

3.1.2.1 Optimilntioll of restrtetlou cndnnucleuse digl'stiou

Opiimnl conditions {ill' the prcpanuion ot' Ihtgl1k'lIlS of' !!t'1l0111ic DNA in the size

range Ill' S to 7 kh was determined by time dependent partial f('oR I di~~t'sti(lns

ranging trom :1 to .'0 minutes (Fipll'\! 3,2). Uncut Tong (ICC DNA was incubated

simultaneously fill' ,~()minutes to confirm the ubscnce or other enzymes in the DNA

prepuration. A di",Gstillll time of 20 minutes yielded till.' muximum number (It'

fiugmcnts in the required size range (Fi!-!lII'~1:U. lane (l). All amounts were scaled

ur proporrionallv ((1(' the hll'!H,' scale di~~I'Hi!ln of TIIllp,1 It '(' I1NA,

Originally, 1111:optimal condiuons flll' the preparation oj' thlglllellts of gcnomlc DNA

ill till.' sil'.l~ 1';tn!f,1! (II' ~ In 7 kb \V(lS determined by Hc'I)RI \:1)1'.y111~ conccntrntion

dcpcndcn: pal'tial digl.'stions Wi 1\~r.'(lnllllCIl(h:d by Promcga (I'rumcgu Protocols und

Applicntion« Guide) fill' creating a Lambda gtl l library, Till.' HmRI enzyme

conccnuutions ranged Irom ,U {Illig to 0,0116 l1 ~lg,Total DNA digestion was

ohsl.'l'wti {i.I\' all HeuRI enzyme concentration (If l,1 ll)l!!. ilntl no digcstion was

observed (hI' all subsequent h «Rl 1.'IlI'~II1C concenuntions (data I)\lt shown), ThIS

method is inelfcctiv» ill dd~'rlllillilll', the optimal CllllllitlllllS {ill' tlw partial digl.'sthll1

of' Tong I J(T I>NA ilIal silt ntld only he IN'd when lh~'ll'nrc unknown inhibit II'S ill

the preparation \11' if it is not possibk tn dctcruun,: DN,\ V(IIl\;I.~l1trati(lll (!'!'isl.:haut:

!11Wl),
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A number 0(' gl.'llllmk DNA i!-.lliatioll J1ldhll,i .. v \.'1\: atrcmpu- . !lut the modified

method or Blin and Stamml (1t}7(lj ill Samhrollk l't ill (11)XI)\ consistently yiddl.'d

a large umount or DNA with a high molecular weight.

Eight 7Scm' tissue culture flasks Ill' l\lIlglfl('(' cells grown 10 confluence yielded

approximately S x 101 cells fi'Ol11 which 2~() • JO() )lg or genomic DNA could be

extracted. This compared fuvournbly with the expected yield for this method of :W()

~tg (Sambrook et :II" 11)!N). The OD.!",i(H)'~\I readings wen.' between l,X and 2.0

indicating that the DNA preparation was rrcc 11'11111 contaminating protein, phenol or

isopropanol.

The iso!all'd Tong/liCe genomic DNA did not mip'uh.) thstc!' than uncut l.ambda

DNA, which has a molecular mass or ·tlt:' kh, when 11m till (I 0.20;, agaroxc gl'l

(Figul'e J,l), Most ._.f the DNA loaded onto the gel remained in the wells being of

too high a muss to penetrate the low percentage agtll'l1s~.

Ethanol precipitation yielded DNA of a low molcculnr wdght «f~ SO 1.;11) as oppnsl.!d

to \hl.! expccnxl Ion· I ~() kh l'l..-portcd by Sruuhruok l,!1 al., (19H7). DNA in the size

range of 100 . J 50 kb could only hI.: oltaiucd with dialysis I'lllhlwcd hy isopropanol

precipitation an~'r the phCtlOI:chlllrnll1rm:i"llnlllyl alcohol extraction.
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3.1 Coustructlun of a Toug/IICC Ct.·" lill(' 1~(.lllonlk lilH'al'Y

3.1.1. Isolation of Tong/flCe /.wnomk DNA

Bdlll'C isolation ol' the g\.'IlPlllk DNA it \v.IS asc~rlaitwd tlta! the l'(log ll( '(' ~dl /in<:

had the t:OI'l\~CI lI1orphology. Iwmcly 'Ill t.'pithdiuJ pattern with mullinuc/d and

granules in the cytoplasn: (figure 3.1). TIll.' presence of m(llti-IlHl:l~at~d giant cells

was not UI1UHWI. The TOllg!! 1('<' cell line had a doubling time of apprmdtlHltdy ·/~

hours.

FiU;llr~3.!: Tong' 11('(' ~dl line. PltotoL!.n!plll'd al 1011°" (;olllltl~'l1cy.pha.'i~wlllm.,I,

:WOx magnification.
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2.4.2.2 FiHcI' screening with antibodies

The non-specific binding sites (111 the flltcrs WCI"t.' blocked by soaj;in),! the filters in

5(~;1blocking agent (Amcrshanu in TBS~T at ·1(' with gentle agitation ((l{) rpm)

overnight. The toilowlr c morning the tilk'rs \\'I.'I'C washed 1'01' 2 x 15 minutes

followed by 2 x 5 minu es in TBS··T, Mouse unti-l IBsAg monoclonal antibody

(kindly supplied by MI' c,c. Chen of the I inivcrsily or the Witwatcrsraud) was

diluted in TBS·T and the t1ItCI'S were incubated ill this solution for J hour at room

temperature, The filters were washed as before, The IIRP labelled antibody was

diluted I: I (JO() in TBS·T.

The filters were incubated in this solution at mom temperature ill!' 1 hour and

subsequently washed for t x 15 minutes and 4 x .'i minutes ill TBS·r.

2.4.2.3 Signal generation and detection

This was performed using the method detailed in section 2.4.1A
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expelled into a microccntrifuge tube containing, 200 ul of phagc buffer and incubated

for J hour at I'Otlt11 tcmpcruturc. OJ";, chlorofiirtn was added to each tube which was

subsequently stored at 4 C,

From these samples an additional :, screens were made to fry and obtain material

w:th 1()Ol~)) purity and homology,

2.4.2. Screening rot' HBV protein

LB plates that had tested positive fin phages with integrated Imv DNA were used

for the detection of fusion proteins produced by these phages, This was performed

using the Amcrsham enhanced chcmilumincsccucc tEe'I.) Western blotting syst< III

(RPN 2lmn,

2.4.2.1 Filter preparution ('01' screening with antibodies

The nitrocellulose filters (Hybond C. Amcrshanu were saturated with 10 111M IPHi

!H1l! air dried, The LB plates were overlayed with these filters and incubated at )7 ('

for 3S hours. To hank" the agar, the plates were placed at 4 C for "HI minutes. The

plates, filters and agar WCI'C asymmetrically labelled for later reorientation. The flhers

were removed carefully. rinsed in TBS~Twccn (rBS~TJ buffer to remove any top

agar and screened immediately,
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The unbound conjugate was rcnx» vd by wlIshing twice 1'\11' I() minutes and twice tor

:; mill utes in 0.)0;, V\' '1\\'I',m·20 in antibody wash btl tfcr (2 1111 C111) at room

temperature with gentle ugitntiou.

2.4.1.6. Signal generation and detection

The Amersham EeL random prime system uses a detection method comprising two

reagents which arc mixed Immediately before lise. Detection reagent I decays to

hydrogen peroxide, the substrate for peroxidase. Reduction uf hydrogen peroxide by

peroxidase is coupled to n light producing reaction by detection reagent 2. This

contains luminol which, on oxidation. produces blue light, The light output IS

increased and prolonged by the presence of an enhancer,

Detection reagent I was mixed with detection reagent ~ in equal volumes

(O,l:!S rnl/cnr' of membrane), Excess buffer \\1' drained Ih)1l1 the washed

membranes which were then placed on a piece of Sar:UJ wrap. The detection butler

was added directly to the mcmbruncs on the side carrying the DNA and incubuted

1'01' 1 minute at room temperature. Excess detection reagent was removed by gently

laying the membranes. DNA side lip. on a folded tissue for a few seconds. The

membranes were wrapped in Saran wrap and autoradiographcd 1{lr I0 minutes.

2.4.1.7 Isolation and purlflcatlon of positive plaques

A clear transpamnt sheet was placed UH top or each film. The positive signals were

marked together with the usymmetric filter markings. These were then aligned on till'

agar plates and the: positive plaques identified. Using a borosilicate Pasteur pipette ..

two ~)()siti\'c plaques wCJ'I.' picked 011' each agar plate. The agarosc plugs were gently



2.4.1.4. Hybridization

The membranes were prchybridizcd in buffer (0,':' ml ern 'j made from hybridization

buffer tablets (Amcrsham, RPM IJ I) for I hour at 6{) (' with constant gentle

agitation (60 111111), :Ion ng of labelled Imv DNA. which lmd been denatured by

boiling fbi'S minutes and snap cooling 011 ice, was added to the prchybridization

buffer. 1 ml of the buffer was withdrawn, mix .: with the probe and added back to

the main solution to avoid placing the probe directly onto the membranes. or he

membranes were hybridized in this solutlon overnight at flO (' with gentle agitation

as before.

The following moming the membranes were washed in 11 solution of Ix SSe. 0.1 (!;,

SOS (2wS ml/cm") at 60e for ) S minutes with gentle agitation followed by a second

wash of O.5x SSe. 0, I ";) SDS under the same conditions,

2.4.1.5. Blocking unci Ilmibody binding

The membranes. that had been hybridized. were rinsed briefly ill antibody w(,'ih

buffer at 1'00111 temperature. Subsequently, they were blocked ill 05 mlcnr' ofO,5uu

blocking agent (Arncrshamj in antibody wash buffer fix J hour tu room temperature

with gentle ugitation. The membranes \WI'C washed in unnbody wash buffer '\'i

before.

The unti-fluorcsccin-Hkf conjugate was diluted I (jOD fold in U volume of 0,5° II w'v

BSA in antibody wush buffer equivalent III that used fol' hybridization. Till'

membranes were incubated ill this solution with gentle ngitution It)!' I hour at l'OOIl1

temperature.



2.4.1.3. Plaque blottin~

The LB plates were overlayed with Hyhond positively charged nylon nu-mbrnnc

discs (Amcrsltnm) by gently placing the membrane oil one edge (If the pink' and

progressively laying it down so as to avoid air bubbles being trapped between the

top agar and the membrane. The plates. membranes and agar were all asymmetrically

labelled 1(.)1'later reorientation. The membranes were Il!tt 011 the plates tor I to 1()

minutes at room temperature and then removed from the agar surface and allowed

to ail' dry, plaque side lip on filter paper (Whatman 3MM).

The DNA was denatured and fixed by placing the membranes. plaque side up. on

two sheets of filter paper saturated with denaturing solution (15 M NaCI: 0.5 M

NaOH) for 7 minutes.

The membranes were then set, plaque side up. on n pad or filter paper soaked in

ncutralising solution (1.5 M NaCl: 0.5 M TI;s-IIC'1 pH 7.1: I mM EDTAI for 3

minutes. This was repeated with fresh filter paper soaked in the same solution,

The membranes were subsequently washed in 2 x sse. transferred to dry filter pap(.,·

und ail' dried, plaque side up.

The DNA was fixed to the membranes by placing the membranes on two pieces of

filter paper soukcd in 0.4 \\1 NaOH for 5 minutes. This short alkali tlxution time is

required t~'I'usc with H'I < gene detection systems.

The mcmbruncs WCI\\ washed twice in 5 x sse tor I minute with gentle agitation

and ail' dried, plaque sick up. Oil filter paper,



••

.•

Plak A Plat~~B

Figlll\~ 1.1001: Screen ~ of the 1(1111'II!'( 1'~'Il\)ll\k' liht\lry llsing tlw 1:-::\0 and H:;O hp

thl!lllll'IlIS \)i' Hallllil dif'.l'Sh.·d lIB\' ill pBIU:~.:. Plall:s A and B.
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For each SCl\~CIl .~()() n~; IIBV DNA wa~, lubcllcd with t11111I\'S,;~·ill·ll ..dl :1'1' lIsing the

random primed hcxamer labelling ProCl'S:, a~'(()l'd:llgIp IIlL.' Amcrxham H 'L 1'1'(1101.;01.

This plm:I.!SS yielded apl'l'lll(imaldy 7~() Ill! of lahdl.:d probe.

3.2.2. Screening fm' illtcgl'lItNl 1m\' ONA

The Tong/IICC cell line gcnontlc Iilunry was screened till' the presence of HBV

DNA using the Amershnm cnlmnccd chemiluminescence ([.:< 'I.) random prime

labelling. system OWN 30 W).

Once a screen was performed, the pluques givill!~ positive signals were lsolatcd, the

phlH!-e grown up and rescreened ill onkr til obtain material with 1OO!!" purity and

homnlogy. This was done three times.

From the first screen I() positive plaquL's were obtained (Fip.un: 3m. It was very

difficult tll realign TJositi\L' hybndil.alioll signals with posi!i\\~ plaques Oil their

respective plates. An iltHlI' plllg l:olltaining several plaques was nicked Sl) as to b~'

sure \)1' obtaining the phag~s t.;(ll1tailllnp il1te!1Jat~\l lllW DNA.

The second screen was also successful with Pll"itIH' pl;hl\l~'s detected oil all ten

plates. A singk plaqw: • a:.. isola!~'d from each plak fill' Iurthcr scrceninu.
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Fig,lIll' '.H. \1. pHI{t~2 restricted with Nail/! II run 011 a f).X"" agal'llSl' gel. I.unc I.

ADNA restricted \\ uh /iiI/dIll. lane ~;.~. liamlll restricted pIHU.?2,

h. IIBV DNA 111/111111restricted ]1wlw insert- isolall'd (hill! )!L'I a using the

phenol has~"J mcil nil or Favre ( 1()IJ,~), I.anc I. AI>NA restricted with !lindll L lanes ~~
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Eco R1

:!! 6.300 lip

Bam H1

Pst 1

Bam Hi

Bam H1

Eigun' }.2. Diugramrnutic representation ol' thc pBlU22 plnsnud with ligah:ti insert

IIBV DN A insert, showing the IH~() and 13~() \lp thill.mellls, in the Hal/lill restriction

site.
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()riginall:, the entire pBIU2.! plaxmid wa ... 0 ...,,11 hI screen till' llllll', IH '(' l~l'll\lI11i~

library. A high backuround level \Va" obtained and it \\ as decided til continue

screening the library with lIB\' Dj\;A isolated from the probe,

Bm1l1l1 restriction or the pBlU12 plasmid yielded 11111.'1.' Irugmcnts Ill' ·Bc)\ I :-i:,O and

1~~() [lp (Figure ~.Xa l. The 1aso and l.i~L hp IbglllL'nts ninde Ill' the liB\, DN/\

insert which contuins 1I /Iamlll restriction site at poxition I ,~~() 1'l:lati\ L' to thL' fCl1R I

site (I1gul'L' 3.7). The restricted pBHJ22 v:as run \11\ a O.XO" agarllsl: gel luun whicl:

the two IIBV DNA fragments were isolutcd, NUI)WIlHI" 1111'1i1lld... WL'I\! unerupted but

the procedure that yielded till' highest recovery uuc Ill' DNA trom the 1\1.'1(X(),

figure lXh) wux the pi1L'1H11 hil~cd method developed b~ hl\ II.: t l 991) detailed ill

Materials and Methods.
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gives the background level Ilfl101HCI.'PIl1bil1:1l1t plwt'.\' to 11\::1.2:'1 x 1()' pllqlL! of

arms and is below till.' typical background levels \\ hkh ran)!~' frotll 1~:1 \ I () I pfu Ilg

of arms.

3.1.5.3 Tltrutlon of the amplified Toug/BC(' !lhl'ul'Y

Different recombinant phages may grow at different rates resulting ill unequal

representation of the recombinants ill all amplified library, To tty and avoid this the

Tong/ll; '(' gene library was amplified in fractious which were then comhincd fbr the

screcning of the libnny.

The titre of the amplified Tong IIC(, library was obtained by preparing a serial

dilution in triplicate ranging Irom 101 to 1() In and plating. The titre of' the amplilicd

library was determined III be (l,X x I()' 11ti.liml and yielded 7"" non-recombinants and

9;1111, recombinant» as determined by a white versus blue colony count.

3.2 Scn·t'lling of the Tong/l( 'C cell line gcnomic Iiht'lwy

3.2.1 Preparatiuu of Inhelll,'li DNA probe

The proi' c'. which consisted lJj' the entire lIB\, l!~tl()ll\e, had pre\ iuusly been illserted

illto the IJol11IlI site ul' pBIU22 (!.'igut\, ~,(l) and slIhSf..'qlll.:ntly used III trunsfom:

competent F,~'oli liB I (I 1 cells, Th~s~' cdls wen.' used fill' the lal'g,,' scale isolarion Ili'

the pBRl22 plasmi\l with the Plasmid 1\1<1\1 plI paration kit or ()iagL'l1.

,~O{)Itg llt' pBlU,!,,~ was lli>laitll'd tuuu II 500 III I liB r () I cell culture liS in!_).the ubove

method and corresponded with lite expected vickl of the ()iagl:n Plasmid Maxi

preparation kit of :;00 ~1P..
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The titre was determined by plating. a serial dilution of 101 10 10 \ , A large serial

dilution W(IS prepared to ascertain what dilution t:\c\llrS should he used Illt the

titration of the Tong'IK'{' gene library, The litre of the packaged positive control

was 4 x 10· pfu /ml with a packaging efficiency Ill' till' arms of 4 x I ()

rccomblnnntsug, This was lower than the expected efficiency of S x 10' to 2 x 10'

prll/~!g,The lower value obtained could have resulted from till' packaged phage being

stored at 4"(' t(.)!' two days before tbe titration allowing a drop in titre.

Background levels of rclignted arms could not b~~determined due to the absence of

colour selection of the t'!.!CO mbi 11 <111ts. They were expected In be low, ranging trom

1~~ x 10' prU/~lg of Lambda gt II arms (P('omega Technical Hulletin O(}(), Il)l):?).

3.1.5.2 Tltrutlon of TOllgIllC(, g(lll{l llbrnry

The Tong/lire DNA ligated III Lambda gt l l arms was packaged ill 1.~.l.!olistrain

\'1090, The .1.(/ad 11(19) deletion present ill Y I090 PI'I.!\'CIllS the generation of

endogenous functionn! p·galtu.:t()sidasl! products an. thus allows eoknir selection of

recombinant and non-rccombinunt phagio'sin nic presence of X-< ;\\1.

'I'he titre of the Tong 11('(' gene library was determined by preparing :1 ",crial dilution

in triplicate of 10 I to I (J ill and plating, The titn.' 01' till' '1Ilng J H'(' gene llbrary was

J x J If plu/ml with n packnging efficiency of the arms or I \ I(J' Iw()mhinants/~lg.

Since typicnl recombinant clficiencic» should range lunn 5·\) \ I(II. phj'~lg anus it

was decided to t\mpli1y the liluury.

Colour selection lIsing IPT< i and X-Cial was lI!'14'd whe» mratillg the TOIlI:! i1('('

!ibm!'y and the number of hluc (non-rccnmbinantsj and white (recombinants) plaques

counted, 'I'he Iihmry yielded ~"II non-recombinants und 1)5"11 rccombinnnts, This
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3.1.3.2 Ligation of Lambda gOt HL'oH.1anus and E('o({l digested Tonglli('C

DNA

Three of the five ligation reactions of lambda gt J J HcoRI arms to F('()RI digested

Tong/! ICC DNA 1";i'1g the conditions optimized before W~'J'L'successful (figure 3.(l,

lanes 2.3 and (l). No insert DN/' was observed below the ligated DNA. 1 pg of

Lambda gtl l arms and 3 \Vciss units of T4 DNA ligase were added to the two

unsuccessful ligation reactions and incubated at 14'T for a further :W hours. When

an aliquot of each reaction was run on a O.xtl II ugnrosc gel it w:\s observed that the

ligation was succosful (Fil:!lIl'c 3.(), lanes 4 and 5).

3.1.4 Pucl<agln[.t of IigatNi DNA

The ligated DNA was packaged ll:>ing Promcga's Packagcnc ill vitro packaging

system (Cat. No. T32(0). All five ligation reactions were used. A positive control

packaging reaction wa» performed concurrently using l.arnbdu dX~f S({III? DNA that

was provided with the packaging system.

3.1.5 Tltrutkm of packaged phagt'

All formulas used an: found in Appendix It

3.1.5.1 Tltrutlon of posltlve control

The positive control DNA (A.dX;i7 sall17) was pad ..ag~·d in i:.Cll1i strain LE31)2. a

host having a slIpF~X mutatiou, (\'Illlll' s\.!b:tl\ll\ ol'rccombiuunts or induction of p..

galactosidase fusion protein expression. using IP 1'< i and X·I lal. could not be USI:d

with LE392 cells which express cndogcnuu» B-galachlsidasc.
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FiBlI!:~ .},{). Ligation of Lambda gt 11 HeoRI arms to E('oR[ digested TOIlWllCC DNA.

6

Lan I,) 1. Lambda Dl\] A digested with Hind Ill, Lanes 2·7, successful liptiotl (It'

l nmbda gt l ] arms and digested 'l'tll1WIlCC DNA. lane X, EI'oRl digested'I'tmg/IICC

DNA.
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Figlll'~ 3 ..'i, Determination Pi' optimal conditions lor the ligutiun of Lamhdu gt II arms

to genomic Tong'II('(' DNA. Aliquots 01' each reaction run on a O,X"" agurosc gel to

view band intensity. I ane 1. A. DNA restricted with !lilldHI, lane 1, ).. gt l I E('oRI

arms, lane 3, molal' ratio of A. gt II HenRI arms to insert DNA of' I :2.X. lane .1. molar

.atio or I: I.X. lanc S, molar ratio of I :O.(), lane (I, positive control ligation. lane 7,

H('oR! dil\Cstt,!tj long [Ie '(. [)NA.
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DNA with /;'('()RI. Lane I. A DNA restricted with ffi!1dlll. lane 2. uliqot of Tung lice

DNA restricted with 1:'(oRI ['(11' 20 minutes. lunc 3. uncut long J J( '{' DNA showit.g

slight lkgndatillll due to age llf' sample (not sample used I()I'dipcs[ioll l.
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rearranged, Although pre-em their l'pitllpl',> in the fusi(lIl P'(111.'1Ii llia~ b,' illtvh',! ilnd

therefore 110t detected.

If uvailnblc, clean monospccillc antiscra is prctcruhlr h I using IllUll. )~'I(lilal anllbodies

tor l.ambdu gt II screening, An nntiscrum lIlay rcuet with SI.'\ cral l'pilnjll's in lite

Ihsioll polypeptides, whereas the monockumls can only l'l'cllgnisl.' a singk Cpih1pl.'.

(Jt'l:uh ..r sipHiI intl.'llsiti~'s would he expected Ill" ails,,' uf 1111,,'rc:ctlgnitioll of multiple

\!pitllpcs in one c!OIK'U sequence.

It is interesting 10 speculate Oil th c IHl\ \ire of til ...• into.:Fralnl Sl.'qll~·lll.'l'S ill the

Tong/liCe cell lim: wang the thur dasses oj' lIB V illl~'grallis dl.'s('rilwd in Table 1.1.

found in the Introduction.

Luoxmg liN at UI1inll:gl'ant ('(Ipalik lIJ' pl'lldudlltl the I !I~~Ag. Since till' Tung 'Il( 't'

cell line is a HBsAg pl'mlut:ing cell line at least one 01' the thl.! intcgrnnts lulls inlo

thh.. l:at\!~(1IY. If 1111.'sunnu polmily is core • surtucc -. \ with the rhus 4 ccii

junction at 1)P I. the second virus ~ cdl jUllction coukl 11111anywhere in th~' P \II' X

()RII (between !iOO and I~2(l I1t, Figlll\' 1.1), Iwaring in mind that all five

i!lt~~gnll;\)IIS in the Tlmp III 't ' l'df line ,11\~gl\'atl:1' than g~:ntllll\.' length n.':; kb),

llowcver. this may include lcarrangements, translovutions and inverted l'l'peats.

1l00W\'~'I" if the \ irus • cell .I\ll\ell(11\ \Va" at l>R2 the s~'\:\lnd \ irus • cell junction

could only thll in the P OIU: arcn (IWI\Wen HOO and I (,(H) lit) \LIlt:!' the :.; ()RV An

enhancer clcmcru i., located IW1\\W!1 1Jtl(l and HI);"; III (Shaul ct ul., II)X,'i). II i~

I'(ls~ibk lhal IIIl' Sl'ClIllti \ irus ., It'll jundillll could place this enhancer next III 111'

upstream trom a cellular promoter Ih:1I 1I'1,"iak''' 1'10'11!!loWlh. Till' X ()Rlo encodes

a viral trarv.activutor \vhich ran nptt'!'ulak' the \·\pl\, ....sion III' other viral gt.:tk~ tl'wu

and SchlI)CIllI.'I', IlJX7: Sp,lIhb, ;)pd L:~.. jllXX; St'hl t,t al., I')(}II), .\ vim ....- cdl
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The TonglllCe cell Iinc hns five HBV integrations ami it is a HBsAg producing cell

line. The expression of HBsAg in the Tong/Bee cell line is lower than other HBsAg

producing ccll llncs such as PLC/PRF/5 and Hep313 (Aspinall g! .\\1.,19H6). When the

Tong/BCe genomic DNA library was analysed for the presence of S gene sequences

that were expressed U" part of a fusion protein, only a small minority of the clones

(5%) gave a positive signal. There arc a number of reasons for the low signal

obtained.

1t is possible that of the five IIBV integrations only one or two arc capable of

producing I [BsAg.

It is also conceivable that these intcgrauts could have been under represented in the

amplified library. This is due to the fact that different recombinant phage clones may

grow at very dlffcren: rates resulting in unequal representation of the recombinants

ill the amplified library,

Since the foreign DNA cloned into Lambda gtl l is expressed as a 0-gnlaetosidase

fusion protein under tmnscriptional control or the vector, both entire and incomplete

HBsAg sequences will be cx-rcssed as part of the fusion protein, Of the

recombinants in the Tong/lICe genomic DNA librury that gave n positive result

when probed with lIBV DNA, only a few reacted with tl: monoclonal antibody

raised ngainst the HBsAg, This implies that the IlH\jOl'ily of intcgrants do not have

HBsAg sequences, However, a disadvantage of using monoclonal untihodics is that

they often recognise only 11 short epitopc 01' an cpltopc not present in till) partly

denatured, partly folded antigc» expression in F,cpJ(. Therefore the S gene could

have been present but not detected by the monoclonal antibody. '1'11,:same applies

for sequences of the S gene that tn"} have been interrupted, partially deleted or
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molecules Dr molecules annealed intcnuolccularly al 111\'it cp!t':SI\l' ends. rill titre

oj' the Tutttd It '(.' g~'lll.'lihrary (J \ J () pi'u ml) and the p,\\:kagll1!,' efficiency uf the

arms (I x II)" pt\q1t!i IS lower thall \:\pn h.'d so the Iibrnrv was amplified which

resulted in 1I titre of (l,X x I() ptu ml.

One of the prohlcm« with amplifying a lihrary is that different recombinant phages

may grow at different rates resulting in unequal representation Ill' IhL' rccmnbinunts

in the library. This cun be avoided if' the lilll,l.y is nmpliflcd 111ti'arlions as was

performed in this study.

Scvcrul metluxls ;11\' available IiII' <!L'(L'I,;til1!l rccombinams with IIBV D:-.JA sequences

in the Tl)llgll{C(' getlomic DNA library. The two methods used in this study namely

nucleic add probes ami monclonal antibodies. can lw lI~,;;,d to SI.'l"!L't1mixtures of

rccomblnants. Selection using only a single approach is rarely proof' that a clone ha..,

been identiflcd correctly, because (.'\('11 the lllost sll'ill!ll'l1l criteria Ill! screening mal'

select false positives,

The nucleic add probe used to screen the Tong 1(( '( , genomic I)N A library consisted

or the entire IIBV g~'II(lIlI~',II was lIs~~d silllply to rlctcrminc the Pt\'S\.'I\CI: of

recombinant phag~'s containing integrated IIBV DNA scqucnccx and therefore not

specific according III which IIlW SCqUL'tll'\.'S it detected, The 1:\ positive signals

detected ill the til's! screen IIHlknl\.~d that we had 1'1.'\"1\successful in cl'ctl!ing ,;

Totlg'! I< '(' gCII'lI11it:DNA lihralY cOlltaining a I'ql('~'s\'nlaliw 11IImher \)1' rccomhinnntx

with integrated nnv DNA.
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There 1Il\' IWI) important parameters III consider 'II Ilgalill~! back" ;llphatF lambda

arms to segments of foreign DNA. Hr"tly the latill 01' arms III (l1)tl'l1lial inscrrs and

secondly, the conccnuution Df each I )N.\ spc~ks '11 the 1'I'ill.:'illll mixture. Optimum

vulues (lit' both «f these pummctcrs can he WI )rJ..~'d 11\11 trom theoretical

considcrutions. By necessity. i!1)\W\W, such I.'alculalilllls :IS"II111'.' tluu all the DNA

molecules ill the ligation reaction arc perfectly sllitahk fill' ligaiillll. ~i,lcc this is

rarely the case it is lWCCSS,lI)' to carry out trial Iigatiolls,

A 111011l1' ratio of Lambda gl f f al'I11S to !).I.'llllllllI: DNA 01' t: I.X gnvc the hand with

Ill,' brightest intensity and was therefore dl't~'rmin,:d 1\) he till' optimal ratio lill all

future ligation reactions, 1\11 excess of vector DNA would thclll'~'til:ally mcrcusc the

yield of' plaque» pel' microgrum of insert DNA, however (In illel'clIse ill buckground

due 1\) rcligatcd vector would be expected,

Three or the !iVI.' ligation reactions lIsing the conditions nptimi/cd previously were

successful. Since 0111.' muster reucuon mixture W\lS made up and suhs!.'l(IIClllly dh idcd

lip into:; reaction tubes. it is 110t understood why two Ill' the ligation reactious did

Illlt .vork. The addition of' l.ambda gil! a 1'111!'I and I,! DNA ligase t(l the unsuccessful

reaction mixtures with su! sequent mcubation resulted in successful ligation.

Packaging ill vitro refers to the IISl' III' a rh;lg~'• infected l.coli l'l.'!l extract III supply

mixture of viral proteins and precursors required till' l.'ll~'alhidaling l.ambdu DNA,

AptWllxilll;\tely (l.n:' .. 05"" of the !IN. \ molecules Pl'l'S~'1l1 in the reaction can hI!

packaged into the inlh'tious \ irions, II", :';lckagil1!, t'flkk,tlI.Y is determined hy

titration. If a p,lckilgi,lf?, ~,ftkkll~'Y ,,1' I \ I(r"~l!' lambda I'INA (containing ~" 10"

l.nmlula molcculex) is Ilhtai.wd. it mean» thnt I in 20 !.alliltda 1ll1lk'clIks ghl.'s rise

til a plaque. These yields arc, howcv vr, only aelli,'\ ~'d till' long cl))l\:all'llll.'l'k'
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The I ambdu gt II \ ector a~·Cl·pl~. SIII;1I1 1>'.\ t1';I~~IlI~'IlI... Ill' (I"} kll. Since the

molecular weight (If' lIB\, j, approximately ,~200 hI' IW d·xidl.'d to partially digest

rbe iSllhltl·t! Tong II( 't ' DNA until the ll1iliol'ity or IllI' li'agml..'lIb were in the size

I'tlnge 01 5 • 7 kit III Ihi~ way we ensured th~' dl1t1ill!,! of' Ihl!'.IlI~'Ilt" Ill' DNA

I:olltaining the entire gl.:'II1111W(,I' liB\, liS \\'1.:'11ai; those l'llt1laining deletions and

rearrangements III' inll't'Jah'd virnl sequences and l'dlula!' lllllking sequences.

At I'irst. the timc-dcpendcn; IIptimilLltioll reucnon s:II:lpk'!ot WI.'I\~taken al '\()minutes.

2 11\1\II's, ~ hnur" , ovcrniglu and III emigh! pJLI~ :~ hours. Pl'~'\iIIUS experience with

hleh m(ll~"ulal' \witdll manunulinn 1'.~,rtoPlk I >NA as w!.'ll as personal

C\II11111l1,lk'ati\lIIS n I. Venter and t. St. John Ayrc) had shown that till.' DNA 1I00.1Ii.lIy

has a dig~stillll time P~~l'hldlit' 2·l hours. \VII:n it WilS liJUlld that the DNA was

digested within 30 mimucs it was d~'ddcd III take till.' Ilptimilati\lll reaction samples

at 5 miuutc intervals I'iIllp.ing fi'lllll () to 25 lllill:th.'s. This short digestioll time

indicates that t! .! DNA prepnrution was \1(' a \'10:1')' gUIld quality, Ircc trom • litS and

other inhibitory substances. This 1.'\111 Ill' alll'ihutcd to the extensive dialysi~ against

TF carried out Oil the DNA allcr isolation (Sl't.' Material» and Methods), No other

DNA III'grading. t.'l\/YIl1~·S \\'1:1\' present ill till' I)NA prcparut iIIll. This was usccnained

hy incuhating it sample IIr till' DNA :It ~7 (' flH' an hour, When run 011 a n.x""

agal'lIsc gd 1111di!!~stiOI1 or the DNA had OCl.'III'1L'\1.

A \li!wstilll1 period llf 20 minutes yielded till' Illa\ im IIIII numhe:' 01' (hlllmcnts ill the

required size rangl' III' 5 . 7 kb. This was dctcrnuncd hy Idating the imcnsity uf

1l1l1l1\:Sl~I.'I\I;(· til the milSs disnibution u!' III,' partially dig\'sh~d ()N:\ when the

reactions wen- analyst'd Oil a O.S" II :l!'.arOSl' gel.



The modified mctltod of Hliu and Stallpd (I 'r!{l) is a stal1danli/~:d procedure

designed to mininuzc the number Ill' <;tqlS and lllanipulations. It \:(,llsis\l:l\tly j'kkkd

good quality DNA of n high conccnuutiou which miprated sluwcr than uncut

Lambda DNA when run Oil a O.21t" aga!'lN' 11"'1. [t is 'lU!'.[!.l'sll'd ill till' method that

ill isolate DNA with a molecular weight Ill' 100 " I ~O 1-11it b sufllcieut til perform

an ethanol cxnucnou in the IlI'l'S,:IlCl' 01' III l\1 nmmonium acetate alter Ill,: third

exuncnon with phenol. A largl.' quantity lIt' I>N,\ was Ip.,! during this procedure and

the genomic DNA obtained had a low molcculm weight. The yiekl of'tht: isolated

DNA was improved when the aqlll'lllh pllas,,'s, :tIkI' til\' third extraction with 1'111.'1\(11,

were dialysl'd against TF hunt-!' I,ll' ·IX hours instead (11' hdllp I'lvcipil'lh'd with

nmmonium acetate ant! ethanol,

The size of the DNA sch:Clt'tl till ~:I(}nillg h 7 kh and the initial Sill! or Illl! isolated

genomlc r>NA is gl'~\al~1' than the si/~ or uncut lnmbdu DNA which j,. ,13 kb (Figlll\'

:~.)). Therefore the rnrio or li'agnll.'llts suitable thl' dOllillp is gl\'UIt:!' than O.H7.'i

(Sumh{,(lok et al., 11)X2),

The DNA li'aglll~'nts to be cloned shouhl he randomly distrihutcd lin lIllo' DNA III

ensure il library with as complete (.'0\ t~ra!,I.' as !'p.,sihll.'. The DNA to he clon cd is

thcrclbre fhlgmcntcd ill a random ((lsitioll l\l obruin a representative library with the

minimum number of 1.'!lllh's. The must rn:qll~'ntly IN'd I.;'ralvgy iii cutting with

rcstricriou enzymes, Fe', IU, n·~tl·h,lipn ~'n/ynw {VI.'IlI'.nising a II hp pulindnnnic

SI.·qIWI1CI.\ \va~ used because 1111.' higIwl' density Ill'silt'S on tit" DNA made il h:ss

likely that lherll an: long stretches t:utllpktl'ly without Iht"i~~ siks. III additiull, the

l:llhandng \)1' inhil,iting dkds 01 Sl'tjUt,,'llrtS surrounding a purticulur sill' arc !t·ss

important because ul' II\\.' vicinity or muny other "ilk'S which will not Iw subject ttl tIll:

same xteric \1I' 01111.'1' considcration«.
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High-molecular-weight DNA isolated IiII' the construction Ilf' genomic Lambda

Ii'JI':1I'il:sshould have a minimal .,i/e of 1(II) - 21)0 kb, The yield or partial digestion

products that can he used fi.lI' cloning is relativ ely poo I' unless the initial length or

the (')NA is at least IiIllt'lilid greater than the ICl1l,lth(If' the DNA used lill' cloning.

The size or the DNA call be usccrtnincd .(111 0,21>" agal'Osc gds run at low VllII,we

gradient. It is easy to decide by this criterion whether II.e xizc 1)1' the PNA is greater

than the required lower limit. Fill' II better \ iew of the "Iiic disnibution or the DNA.

pulscd-fleld gradient gel clcctrcphorcsis can he used (ShWm1z and Cantor, 1'>H4) but

in practice DNA preparations tlw! pass the staudard gel test. i.c. do not migrate faster

than uncut Lambda DNA, nrc slltisfilctOlY.

It is difficult to isolate DNA of' this size hy methods that involve cxtrnction with

organic solvents and rncchanicul shl.!al'inl,J.as u lot oj' DNA is lost during these

procedures. FOI' this I'IJnSOIlu IHII11b~~I'(If methods wen.' mtcmpted to ascertain which

one yielded the 11II'gI~stamount Ill' DNA with the highest mnlcculnr \vdght.

The genomic DNA isolatiou method 111' Matthew (I ()xol) WiIS performed. Although

a high conccnnution of DNA was obtuined, its molecular weight was equal to und

lower thun uncut Lambda DNA when t:olllp:lI'l:d on a O,X"" ilg(\t'lIS~' gel, The reason

fhl' this s!tIJa!'ing, or dcgrcdation of the I>NA is unknown hut could possibly he

atttibutcd to an extensive phcnol.cblorofurm extraction.

A simple salting out Illl'thllli Ihr ~'xtl'ilclill!J, gel1omh: DNA developed by Milk!' et al

(l'>HXl was uucmpted, A high DNA concentration with a hll'tll\ molecular weight W:ls

ohtaincd. The DNA prcpurati, HI. howev cr, was found to have 100 high a

concentration of suits which interfered with rcstricnon enzyme digestion and would

have hindered till: preparation (If the librnry,
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CHAPTER 4

DISCUSSION



Platt' A Plate B

Filllln: .\,11: SlT~l'llill!!Ill' plaqlll's containing ll\h:gralcd (IIW ()~.\ tunn till'

Tong'l It (' genomic library 1111'the presence uf luxion 1\1\11\'111clll1tail1itl~! (lBsAg
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The outcome of th~' third screen was a higher percentage (If positi\ c plaques (hgIlI'L'S

,lIOa.ll0b and ),IOc). E\\m though IIlO"" purity and hp1111111lg.y had not been

obtained it was decided to LIse these plate» for the detection of fusion proteins

produced by these phages.

3.2.3. Screening fOI' liB\, protein

The Amersham enhanced chcmiluruincsccncc (H't) Western blotting system

(RPN210R) and mouse anti-HBsAg monoclonal antibody were used fiJI' the detection

of fusion proteins produceu by the phaFI,.·s that had tested positive Ior integrated

HRY DNA,

A few of the plaques tested positive 101' IlBsi\g while tl:..: majority of them tested

negative (Figu; c 3.11) indicating that HBsAg sequences arc uot present in all of the

rccomblnants or is present but 110t expressed in a form recognisable by the

monoclonal antibody raised against the S nntigcn.
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Plate (j

Plate I

Plat~~ I I

Plate j

Figure 3.1 (ll:: Screen 3 of th~' TOll!! I!( 't ' !H'IlPlllic' library ~,sillg the Ig~O "'ld 13.'iO hp

Imgmcnt» of UllmII I I\'slrk'~'d IIBV ill pBR.i22. Pla!l..'s ( i, I!. f .uul J.
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Plate C

Plate E

Plate D

Platc F

FiglU'L' ~.1 Oh: Screen \ of the Tong iI( '( ' gl.'1l1l111k lihnuv lIsing the 1X:'iOand 1,1:'\0 1Ip

fragments of !Jail/III dig,'stct! lIB\, in pBIU22, Plates c. D. [.: and I:.
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To conclude, a Tong 11('(' ,:1.'11 lill c genomic DN A library with a IiII' c of 6,X x 1()

pCu/ml was construct cd. Screening of this library with lll+V DNA r....\ caled th e

presence of 15 r....comhinauts with integrated llBV DNA sequences, These

recombinants w c1'(' isolat cd. purified and rescreened. Further analysis with a

monoclonal antibody raised against scrun: IlBsAg indicated the presence of IlBsAg

sequences, completely or partially ....xpresscd as a fusion protein, in 51~u of th c

positive recombinants. This work will sene as a basis fill' future studies were the

live integrated flBV sequences and the flanking cellular DNA will bc sequ ....nc cd and

analysed further,



Xl
junction in the X ORF could result in a fusion -rotcin consisting of' part (11' the

HBxAg and part of a cellular protein with trans-a c tiv atillg activity t Iwu and

Sclocmcr, 1I}X7). A X promoter is found in the upstream l\'giutl lit' the X protein

coding sequence and overlaps the cnhan ccr element CII'L'illin and i nub, IW:7).

A strand polarity of x _, sul'fa ce ., core with the lil'st virus » c,'1: junction at DR I

would result in the second junction fhlliug within nuclcotidcs iX:W atl,l 2>;:;0

(incorporating the C ORF and part of the P OH Fl. A virus • CL'1l junction at Die and

the same polarity would mean that the second junction lay between nuclcotidcs 1(,00

and 2X()() (C ORF and part nf the P and X ()RF'sl. 111these l'e!liOl\s a number of

clcmczrs arc found that, if positioned next 10 01' upstream from cellular {hClllt'S

regulating cell growth, could alter rhe normal functioning or the cell, These include

a second cnlmncer that maps Iu approximately nuclcotidcs 1(145 • 1~()3, a core

promoter and part of the X transactivutlng ge:I1C,

Integration in the: DR region and interruption or the expression or the S ORF would

mCUl1 the HBV intcgrnnt would he less than genome !t.,'llgth (U kb), Matsubara ami

Tokino (1990) studied 40 clones or published Imv intcgrnnts and showed that at

least on, tcnninus of ::.: IIBV intq.',l'allt 10 be located at ihe S ()RF or between the

DR rogions, An iutcgratkm point within this region could brillg the pre S S gene

nnnsactivator next to cellular DNA. 1'11>'1\' is a high correlation llf I Ie<' with the

surface untigcn carrier state (Beasley, 1')Xi\) as well as an obst.:'i'\ ation that nne third

of IlBV· associated 1l<'C's harbor at least one transaetivuting pn.:S2'S gene (Lauer

ct al., 19l),H. This supports the theory that integrated pt'l:S2 S !!~ncs might contribute

to lIB V " ussociatcd I 1('( ',
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Titration of packaged phage in TongfHCC gene Ilhrury

To calculate the titer of the phage:

Formula: (q~lJ1}beI.nfnl'I(~llCsL:<.u!U!ItiOILlJl(':it)t]""Pfu/ml
(volume of extract plated)

To calculate the packaging dliclency of the arms:

Formula: (n fu/ml)
recombinants microgram

(concentration of vector DNA in
packaging reaction)



SOLUTION NAME: TB Top Agar

CHEMICAL 'COiVIPOUND CONCENTRATION

Tryptonc

Nael 0.5 gil

Agar 0.8 gil

Autoclave. When the solution has cooled add:

MgSO. 1 ml of 1 M solution.

SOLUTION NAME : Tris-butfrcd Saline (TBS>

CHEMICAL COMPOUND CONCENTRATION

NaCl \37 lllM

Tris 20 rnlvl

Adjusted to pH 7.4 with HCI.

SOLUTWN NAME: Tris-buffcrcd Saline-Tween (1'85·'1')

CHElVUCAL COMPOUND CONCENTRATION

NaCl 137 mM

'I'ris 20 mM

Adjusted to pH 7A with lICl.

Twccn-Jo O.IU;,

SOLUTION Nt\l\-IE: Tns-EDTA

CIH:l\llCAL COMPOUND CONCENTRATION

Tris-Hel 10 mM (pH 7.5)

EDTA 1 mt'll



SOLUTION NAl\,lE : Phcnol.chloroform.isoumy' alcohol

CHEMICAL COMPOUND

Phenol

Chlorof on

Isoamyl alcohol

TE buffer (pH 8.0)

500 g

500 1111

25 ml

1 volume

1. Dissolve the phenol in the chloroform and aud isoamylalcohol,

2. Add I volume TE buffer and stir to emulsify.

3. Let the phases separate.

4, Remove the top phase unu repeat TE buffer addition.

5. Let the phases separate.

6. Remove ull but 1 em of the aqueous phase and store in :1 dark bottle at ,PC.

SOLUTION NAME. ~ Protc'nase K solution

Stored as a 20 mg/rnl solution in TE buffer at ·20"C.

SOLUTION NAME: lOx sse
CHEl'VllCAL COMPOUND

NaCI

Sodium citrate

CONCENTRATION

3M

OJ !VI

Adjust to pH 7.0 with NaOH or IICI ami autoclave.

SOLUTION NAi\'!E: STE Buffer

CHEMICAL COMPOUND

Ntll'l

Tris (pI! iUl)

EDTA

CONCENTRATION

0.1 M

10 m[\1

1 mM

121
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SOLUTION NAl\iE : Luria-Bcrtaini (LB) Agar

CHEMICAL CO]VIPOllNO CONCENTRATION

10 gilTryotonc

Yeast Extract

Nne!

Agar

:5 gil

5 gl I

IS gil

Adjust to pH 7.5 with NaOH and autoclave.

SOLUTION NAME: Luria-Bcrtaini (LB) Broth

CHEMICAL COMPOUND

Tryptonc

Yeast Extract

NaCI

CONCENTRATION

1() g<l

5 gil

:; gil

Adjust to pH 7.5 with NaOH (nld autoclave,

SOLUTION N/\ME : Neutralizing Solution

CHEMICAL COMPOUND

NaCI

Tl'is-HCt (pH 7.2)

EDTA

CONCENTRATION

1.5 M

0.5 M

J mM

SOLUTION NAl\IE : PhageBurt;:!'

CHEMICAL COl\IPOUND

'rtis-HCI (p11 7.4)

NaCI

MgSO~

CONCENTRATION

20 111M

100 mM

I () 111M
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APPENDIX A

SOLUTIONS lJ!~rm

SOLUTION NAME: Antibody Wash BufTer

CHEMICAL COMPOUND

T!"is-Hel

Nac1

Adjust to pH 7.'5.

CON('ENTRATION

100 mM

150 tnM

SOLUTION NAME: Denaturing Solution

CHEIVUCAL COMPOlJND CONCENTRATION

NaCI 1.5 M

NaOH 0.5 !'vI

SOLUTION NAJ\>m: Extractiol1 Buffer

CHEMICAL COMPOliNI)

Tl'is-HCI (pH H.O)

EDTA (pH s.o:

Puncrcatic RNAs~~

('ON('ENTRA.TION

10 mivl

0.1 M

:20ulml

SDS
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