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ABSTRACI

An investigation has been made into aspects of the expression of

oncogenes in normally dividing cells and in hepatoceilular carcinoma (Hee).

HOC occurs commonly in Southern Africs, and thf1aetiology ·ofthis tumour

lsaseccieted with hepatitis a virus (HBV) infection.

c·erbA, c..mva and e-tos but not c~Ha..res mANA were elevatad in tumours

and adjacent hepatic tissue from the same petiEJ;htswhen compared to

normal liver. Amounts of Fos and MYQ prot~in in the liver tumour

specimens were else raised. The"e was some correlation between the

patients' serum a..fetoproteirt concentretlons, histological features of

tumour differentiatic)t"l, c..mvc and c40s r.ixpression.

expression of e-tas and c..myc has been reportec to be elevated after

stimulation of cells to alvlde, ,'1$ occurs during liver r19ganeration. This was

corroborated by the findin~ that c-mvc, c·fo~· and c-jun mRNA

concentratlona "Jere increased it"! cultured 3T6 mouse fibroblasts following

treatment with alkaline medium aa a mitogenlo stimulus. The time course

of the expression of these oncogenes was similar to that reported after

gro\l'l/th factor sttmulation,

The H[~V X..gene ma\' be responsible for increased oncogene expression it'
YCC as a result of its documented trans activating properties. This vi!'a~

gene is unusual in that it has a codon preferanc";which is similar to that of



eukarvotic ceUgenes. Also HBV may ha'V& evolved from ti similar ancestral

virus to that giving rise to retroviruses. These ideas suggest that the HBV

X·gene is a viral oncogene derived from a host homologue.

Low stringency Northern brot hybridisation using a X-gene probe

denlonstrated a murine transcrlpt in heart and thymus. Attempts to isolate

the sequence from mouse heart and thymus eDNA libraries ware

unsuccessful despite ext,~n$jve screening with sensitive probes (SP6

palymerfjsa and peR fab(':.lUed X~gen~~fragments). Conserved X~gene
\ .
I

sequences were also used fot the desigr:Jof primers in .~.peR bas£'dmethod
" . II

aimed at isolating a mammalian sequence. No sinnificant sequsnce
\\

homology was found bet\lveen the HBVI\X..gene and Ol\A ampllfle'd from
\1
l!

gen(llmic and eDNA I1br'srytemplate sou~\pes.The peR preducts ttppeared

to have been artef.,ots of arnplWaation. ~~n'IJreto detect the hQrtll.)logous

gene may have resu~ted from poo' complS,JIlentarity between the VIral ant!
\\

mammalian secuencec, 1\
\\

Non..~pecific amplification is commonly enct~unter&d when u$1110 PCli'. A

qtJick asvmmatrlc re·ampW~catj(ii1 method I,?ssed on eXUOSilin of an
"

interm.uly'hybrfdising X·gelllapfimar we! davisQ\j to confirm FICRprOdu(,ts.

The l"n1ithodwas specific irl that "ver~ single bas~ mlsmatohe$ betwsen the

internal primer and tem1>late re;.,ultad in fatJut~ of dete(;tabla \tUim$f

extension.



1declare that this thesis 58my own work. It is being submitted for the

degr!le of Doctor of Philosophy to the University of the Witwatersland~

Johannesburg. It has not been submitted before for any degree or

examination,

Patrick B. Arbuthnot

2f;t day of tJelt.k.r I 1992.



To Pamela

v



I would filc::eto express my sincere gratitude to the following:

Professor Wyn Fitschen for hi$ supervision, encouragement and meticulous

analyticai approech which have been invaluable throughout this project.

Professor M. Kew for his helpful advice, and also for supplying th6 tissue

specimens.

"'\\
'l
)1

Dr W.S. Robinson who suggested that the heparltiS B virus X-gane may be

an oncogene and who stimulated my intere~)t in this gfi'ne.

Professor Iqbal Parker who supplied many of the oncogene probes.

Colleagues and friends for their support and encourtlgemant.

The H.E•• 3riffin Cancer Research Trust,. the National Cancer Assooiatlon

anti the MediLsl Rpsearch Council of Soutn Africa for flnanoilu .support ot

this work.

(

vi



Aspects of the work presented !o this thesis have bean accepted for

publication in the following journal articles:

Arbuthnot, P.S., Kawt M.e,,# Park(JrM.I. and Fitsche;., W. (l9S9) Increased

e-mvc and c-toa expression in hepatocellular carcinoma. S. Afr. J. $oi., 85,

193-1'94.

Arbuthnott P.B., Kaw, M.C., Parker, M.1. and, Fltschant W. (1989)

Expression of c"arbA in human hepatoce:lular r;;arcinomas. Anticancer

Research, 9. 885-S8S.

Arbuthnott P.13.and Fltschen, W. (1990) Oncoproteln expresston in human

hepatocellular carcinoma. Anticancer Researcl'h 101 1410.

Arbuthnot, p.e., Kew, M.e. and Fitschen, W.H.E. n991} c..10$and Q..mve

eneoprotefn expression in human hepatocellular carcinoma. Amicancer

Research, 11, 921 ..924.

vii



/'.
!-'
l/;,
i;
'ft

Arbuthnot,P IS.and Fitsohen, W. (199~) Internal reamplification as a method
tr/f

/
for confirrn1hg, peR products, S. Afr. J. SCi'l in press.

Arbuthn4t,p.a, and Fitschen,W. (1992) ·Inhibition of primer extension by
I' ~_.

single ryilsmatches during asymmetric reampUfication, Biochem. J., in preh_
/'
!

!

\)

viii



ABBBWIAlfPN&

bp • • • • • • base pair

aSA. . • . • . Bovine ~erum Albumin

c..one. • . • • celh,d8r oncogene

EOTA ••••• Ethylenediamine Tetraacetio Acid

f:CS •••••• Fetal Calf Serum

HBV•••••• Hepatitis. a virus

HCC•••••• Hepatocellular CarGinoma

o flGF. • • ••• Hepatocyte Growth Factl)t

lPTG ••••• tsopropyl-E ..O-thiogalactopyranoside

kb • • • • • • kUobass

kOso • • • •• kllodaltons

MEM •••••• Minimum ESJential Meolum
i;

ORF•.••• " • Open Raading Frame

PAGE • • • • • Polyacrylamide Gel Electrophoresis

PBS•••••• Phosphate Buffered Saline

PCR•••••• Polymerase Chain Reaction

POGF • • • • • Platelet derived growth faotor

PEG•••••• Polyethylene Glycol

pfu •••••• plaque fotmin9 unit

(

ix



PHA. • . • • • Phytohaarnagl:.Jtinin

PMSF • • • • • Phenyl Methyl SuJphonyl Fluoride

PPP. • • • • • Platelet Poor Plasma

PVP. • • • • • Polyvinylpyrrolidone

SOS. • • • • • Sodium Oodecyl Sulphate

SS..PI'enol ••• Salt Saturated Phenol

TeA •••••• Trichloracetic Acid

TEMEO ••••• N1N,N'.N' -tetramathylathylenediamine

v-onc•.••• viral oncogene

X"gal ••••• 5-~Jromo-4-chIQro,3 ..indolvl ...B..D..galacto8ide

x



Page
TITLE ., 11' '., ; e. • " 1f •• , 11 .. <'I- .. if " __'« .. .. .. • • .. •• i

ABSTRACT , .. . . -. • it • • • • .. • • • • • .. • , It • -. • .. « • • • fI • • • • .. .. 4: ... • .. ii

DECLARATION, 1t .: *' ••• ,. , , " I( , '4 ,. • ,... iv
i

"

\:O~DldATION 1; ... *' .' • a " ., 4 ........ '. .. .. • .. !Ii '" ..... ,. t .. • .. .. If • .. .. •• ' '.Ii V," \'!
\.

ACKNO\.vLEOGEMENTS ••••••••••• ••••••• ~ • • • • • • • • • • • • vi

PUBLICATIONS l-' II .. • • • .. .. • IJ ...... _~ •••• {Ii • # " ........ It ...... ,. 1i -•.. vii

ABBREVIA1"'lONS • it • ., .. C "': ' ., ,. .. "" • .. • • .. .. • • • lx \

CONTENTS •... :& ,., " Ii .. if .t " " ...... f •• :I ... - It ...... " • '4 If .. " if. ... " xi

1. IN1'RODUCTION 4i.'., •• " ,... If It .Ii t • it. l'

2. MATERIALS AND METHODS ••••••••••••••• ~ • • • •• 47

3. ONCOGENE EXPRESSION IN HEPATOCELLULAR

CARCINOI'f'A • • • ~ • • • • • • .. • • t • • • • • • " , • • , 4 • • • • • 110

4. THE EFFECT OF ALKAliNE STiMULATION ON RNA SYNTHESIS

IN 3TS MOUSE FIBROBLASTS ••••• ;/ •••••••••• * •• 155

5. ATTEMPTED ISOLATION OF A MAMM.~LlAN HOMOLOGUe OF THE

HEPATITIS a VIRUS X..GENE • • • • • • • • • • • • • • • 4 • • • • • 172

6. ASYMMETRIC RE-AMPLIFICATION AS A METHOD FOR THE

CONFIRMATION OF peR PRODUCTS ••••••• f • • • • • • • 221

7. REFERENCES" ., " .••.. Ii} '•• ''!' • t- .. .. • .. • .. 244-

xi



\\

Chapter 1

INTRODUCTION



Contents

1111 INTRO,DUCTION "'.,. ., " .. . • .. . • . j ,. II •• ,... 1

1.1 HISTORICAL PERSPECTIVE • • • • • • • • • • • • • • • • • • • •• 1

1.2 RETROVIRlJSES AND ONCOGENES ••••••••••••••• 2

1.g PROTOONCOGENt: EXPRESSION DURING CeLL

'DIVISION .;• .. .. .. '. • " • • .. t I) II • • .. .. « !I • • • • I\" • • t • ~ •• 8

1 3.1 THe t!ELL CYCLE , ••••• « • • • • • • • • • • • • • •• 8
lr,_

1.3.2. INOUCffOi\[ OF NUCLEAR PRorOONCOGENES
n
I'

FOLLO\~'ING MITOt:IENIC TREATMENT' • • • • • •• 12

1.3.3 FUNCTIONS OF NUCLEAR PROTOONCO'1ENES

OUR~{~GCELL DIVISION • • • • • • • • • • • • • • • •• 15

1.3.4. DNA ~INDING PROPERTIES OF NUCLEAR.

ONCOGENES .............."'......... 18

1.4 TUMOUR SUPPRESSOR GENES • • • • • • • • • • • • • • • • •• 22

1.5 HEPATOCELLULAR CARCINOMA IN HUMANS •••.••• 27
\.\

1.5.1 INTRODUCTION. • • • • • • • • • • • • • • • • • • • • •• 27

1.5.2 Ael·10J..OGY OF HEPATOCELLULAR

CARCINOMA •••••••••••••••••••••••• 29

1.5.2.1 Hepatitis B Virus •••••••••••••••• 30

1.5.2.1.1 Structure of the HBV Genome • 32

1.5.2.2 Hepatitis C and 0 Viruses •••••••••• 41



1.5.2.3 Af:at")xil1 • • • • • •..• • • • • • • • • • • • • • •• 42

1.6 AIMS . " a * • .. !Ii , " .. " • • • Ii • ... ... .. • .. .. • • • .. • .. • • • .. • • •• 46



it has long been known that there: is a genetic basis to the cause '~f cancer.

Indeed, it was as early as 1820 that a report appeared in the Edinburgh

Medical and Surgicat Journal by William Norris whiCh SU\:l1:1&stedthat
<c::

malignant melanomas occurred more commonly in a particular family

{BishOp 1987}.

~3ub$etNently, there have been other Jinesof evidence supJ)orting a genetiC

basts for the development of cancer:

1) generations of cancer cells of a particular malignancy display a

similar abnormal phenotype .. implying that the characteristics of
if)

cancerous cans are passed OIl from parent to progeny ce:lIs;

2} many cancers displuy abnormalities of chromosomal structure: and

3) the enemtcals which have damaging effects on DNA may also cause

cancer.

A large number of vertebrate genes has been shown to have the potentlal

to induce malignant transformation. There are two important classes or

1



the~ genes. They are termed oncogenes and tumour suppreuor genes
if

(anti-oncogenes). Mutations within these gen08 are responsible for changes

in the control of normal calf divisif.ln and dbfarentietion which lead to

malignant transformation {Bishop, ~991).

Perhaps· the most fundamental insight Into th(i role of o~ogenes in the

dav.alopment of cancer came from studying the transforming type C

retrovlru$as. It WS$ In fact through analy.is of theM RNA virus$a that

oncO~lene$were d!scovered (Bltthop, 1983).

There sr6 essentially two types of retroviru8, vit. acute and Rlow

transforming retroviruses. The aCt :te tr~nsform !g retroviruses \.Iiffer from

the slow ttsnsforming viru$es in that memoots of this typ$ of retrovirus

possess so-calted viral oncogenes (v"onesl. These oncogenes confer the

ability to Induca malignancy efficient!y end with at short latent period. Tha

well described RaUl sarcoma virus belongs to this group :StGh.Un et lIl,

1978; Bishop, 1983).

Thera it a number of a.peets of retroviral repllc&hlo!l which ils important in

2



understanding their acquiftition of oncogenes (Varmus, 1982; Bishop,.

1983). Shortty after infection of cell~ the RNA retroviral genome is copied

into a linear double stranded DNA molecule through the action of ratrovlral

reverse transoriptase. SynthesIs of additional sequences at either end of

this DNA, so ..calted !ong terminal repeats (l..TRs), takes place during this

< step. The tTRs are derived from a combination of sequences present at the

3' end (U3) the 5' end (U5) or both ends 4R)of the retrovirai RNA genome

and have the structure U3..R..U5. Integration of retrovlral DNA into the hort

genome is .8 regular pr(lgess of the retrovirallife cycle and is regulated by

tRese l.TRs. They are attached directly to the cenu'~r genomIc DNA to form

a stable provirus structure. The sites at which retroviruses integrate into

the host cen DNA ·aopear to be random but transcriptionally active regions

may be preferred (Scherdln et aft 1990).

Apart from the l..TRsequenees, Itler,8 are three important genes within the

ret.·oviral genome (Varmust 19a;~' ~ishoPt t9SS). They are the: 1) gag

gene which codes for & protein which is res;lonsibte for the pack~ging of

the retroviral RNA in the virus particle; 2} pol gene which encodes a

polymerase enzyme whloh has properties of rever_setranscription and 3) the

,env gene which eneodea the envelope glycoprotein found on the surface

of the retrovirus particl~.



After i.,tegration of the provirus DNA into the host, the steps nf viral

replication are carried out by the host cell enzymes. \lird! RNA is

synthesised by cellular RNA polymerase II, and transcripts may serve either

as mRNA for viral proteins or as new genomes· (Varmus, 19.92; Bishop,

leSS}. Examples of tha structure of integrated provlrua DNA of acute and

slow transforming rstrovlruees are given in Figure 1.1.

One of the most important concepts concerning oncogenes emerQed from

the demonstration that viral oncogenes are derived from normal cellH!ar

ganes {c·oncs} which are highly conserved it". evolution {Spector et aI,

1978; Shibuya et aI, 1980; Shilo and Weinberg, 1981; de Pee-Jones et st,

1983.). They are acquired by the viruses through a process of anomatous

recombination during inte~ration of the provirus into the host genome. l'his

was first demonstrated in a study on the V"$I'O oncogene by Bishop and his

eoworkers (Stehelin et 81, 1976; Bishop, 1983). Onco9E?';teincorporation

into retroviruses usually results in structural differences and altered rates

of transcription to account for the transforming properties (Goldfarb and

Weinberg, 1981; Swanstrom rn aI, 1983; Takeya and Hanafusa, 1983).

4
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B

figure 1" Schematic renresentatton of integrated provlrus DNA of a slow
transforming retrovirus which does not contain an oncogene (Al. Integrated
provirus DNA of the Rous sarcoma acute transforming retrovirus containing
the src oncogene is depicted in B. Transcription of the integrated proviral
DNA by host cellular RNA polvmerase n yields RNA that serves as template
for the synthesis of g8g, pol, env and sre retroviral gena product$ as well
as progeny genomes. Adapted from Watson et 8/ (19B7).



'\\
rna transforming potential of cellular DNA was ct)nfirmed by an important

s'ludy whiGh damc;nstratad that transfection of cultured cells with normal

DNA fragment~ il capable of causing transformation (Cooper et til, 1980).

Compari:son of the sequences of normal cellulir oncogenes with those of

their mutated de.ivatives has reveal&d insights into the ~hal1isms of

activation ot oncogenes. Activation may essontially occur through t:hanges

in the coding sequences of the gene sOthat a mutated protein is produced,

or etse, it may occur as a result of tt mutation nr amplification that affects

the rate end/or timing of transcription of a structurally unaltered oncogene.

Since their initial discovery, the number of known cellular oncogenes has

increased dtamaticaUy. Table 1.1 shows a classification of these genes

according to their cellular lociltions and known functions (adapted from

Morris (1992) and Sleermn1 (1992)). CelJuf·aroncogenes have been found

to contr61 many normal cellular functions which are usually concernetj with

proliferation "nn differentiation. These functions Include actions as growth

factors, protein t<lnsses and nuclear activators of transcription.
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1.3 pnQIOQNCQGiN& EKPBESSIPN DURINGCEll QI)lJSlQN

The ceU cycle can be defined as 'tha period between the formation of a

daughter call, ty the division of a mother celf, and the subsequent time at

which the caUdivides to form two more daughterceUs' (Mitchison, 19711.

This puriod was originally divided into two phases: interphasG and mitotia.

Pfon&ering work done in the 19508 (Howard and Pelo, 1951: 1953)

demonstrated that DNA synthesis occurs during tha. Interphase. These

workers divIded the call cycle into four stages: 1) G, phase (gap 1) which

Is the lntarval b&twaan mitosis and tha onset of DNA synthesis; 2) S phase

during Which time DNA repUcat!pn takes place; 3) G2 phase (gap 2) 18 the

interval between the end of S phase and tha commencement of 4) M phase

(mitosis) when the chromosomes condense, and cytoklne~'ds is compJiltad.

The phases of the cell cycle have been further characterised tty the

identification of the so called Go phase and ~~1'0 state, Lfmldng external

growth f~c.tora and nutrients, or by growth of oens to high density, can

influenoe cells to enter a quiescent (Go) or l.Grmfnally differentiated {TO}

state (Carpenter and Cohan, 1979; Stiles et ai, 1979; Bames end Seta,

8



19ao; Rozengurt, 1Sa3}. The term Gophase was originally ~eined by Lajtha
:,-:,:;"/

{1963} to designate tne state of quiescence of cells which ttfW~ould leave
Jj
h

for the G, phase upon cornmeneeruent of division. Subsequent to this

original J)(istulate, a 'Considerable body of evidence ha~ implicated Go as

being a distinct phallt otthe ceUcy~I~. (Torado and Greerl 1963, Torado et
, .~,

sl, 1965; Hotley and Kiernen, 196a:' Srooks, 1969; ley and Tobey, 1970;

ramin, 1971; Razengurt, 1986). Stimulation of quiescent ceUs in the .<30
.,

phasel with for example ~ growth factor, causes them to progress towards

the S phaseJ)f the ceU cycle and become committed to division (Pardee at

81, 1~78; Whartan at aI, 1982; Baserga, 1985; Prescott, 1987).

Transformed cells frequently do not enter a phase of growth arrest (Go)

even when they are deprived of nutrients (Bun~tin lilt ai, 1974; Cholan and

Studzinski, 1974; Pardee and Jal'l'WtSI 1975, Bartt-~Iomew et a/1 1976).

The phaso$ of the cell cycle whloh have been descrIbed are depicted

diagrammatically in Figure 1.2.

9
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flgure 1.2 £'Iagrarnmatic representation of the phases of the mammalian
cell cycle (explained in the text). Colis may exit the call division cycle and
enter Go which is a st~~e of quiescence. These quiescent cells may then re-
enter the cell cycle at G, when active division again commences. Some
calls exit the cell cycla after M and terminally differentiate (TO). These cells
do not enter the cell cycle again (from Soprano and Cosenza, 1992).

10



After mitogenic stimulation of a GaU, tt)Fr9 is a point during the G, phace
'-,!

at which it may either commit itself to DNA synthesis and carryon to

divide or else it may enter a state of quiescence. This is the so-called

restriction or Ffpoint of the ceil cycle (Perdee, 1914).

In a study on BALB/c3T3 mouse fibroblasts, two additional control points

for Go to G1 trans1tion wllre identified {Pledger et aI, 1977; 1975}. The

experiments were based on a kinetic analysis of the mitogenic effects of

the two major components of serum, platelet derived growth factor (PDGF)

and platelet p~~.~~plasma (PPP). It was shown that PDGf treatment

rendered i:ells competent to respond to further growth ractors contained in

PPP. Other experiments which entailed defining the timIng of the growth

factor requirements by cells for transition from Go to Gt enabled

identification of the so--called V and W points. The V point is mld,,~tly
Y:

between the Go to G, transition and requires PPP lor <the cells to progrel1s

to the S phase (progression factors). 'rhe W .point i~ Similar to the

previously described Rpoint, and 81' thfa stage, cells are committed to er.;tf)f

the S phase. PPP and POGF thus appear to be responsible for different

activities ln the activation of cells to divide. Treatment of BALB/c 3T3

mouse fibroblasts with POGF results in their attaining a competent state

after which they are able to respond to progres3ion factors in PPP and

11



progress to the S phase.

The normal control of cell division is a complex and diverse process and

there are numerous possible inputs for regulation. The role of oncogenes

in the cell cycle i& discussed here. Other regulatory eletllents, particularly

t'1e cyclins, have recently been revIewed {Hunter and Pines" t 991; Lew and

Reed, 1992; Q'F6rrell, 1992; SO'lrano and Corenzl\ 1992).

1.3f.2 . INQUQDQN OF .NUCLFAB PRQIQQNCQO&NeS fQLLQ\¥lNG

MItQGeNIC IBEAtMeNI

Ona of the earliest detectable events fonowing growth factor stimulation

of quiescent calls in the Gil ahase involves the induction of immediate early

or compete"'lce genes (see 4.1.1). Protein synthesis inhibitort do not affect

their ~xpression (Lau and Nathans,. 1987). They include the nuclear cellular

protooncogenes c..fo$, c..myc and c..Jun.

The c~myc transCl'lpt is not easily datectable in quiescent cells, and the

Increase in its c{Jncer~tratianis approximatelY 20 to 40 fo1d after growth

factor stimulation af 313 fibroblasts (Oenhardt at aI, 1986). The c-my'c

12



gene hAS bean found to be maximally expressed approximately 1t:, ".'~hours

arter stimulation of quiescent 3T3 mouse fibroblasts to diVide. The

concentration&' of both the e-mvc messenger RNA and prote.o decrease

rapidly, but may remain detectable up to 24 hOlJrs after stimufation

(Morgan and Pledger, 1989; Persson et aI, 1986). The increase in the

transcript concentration is attributable to both an increased transcription

rate as weil as an increase in )'l1erate of post transcriptional processing of

c~mycmRNA (Morgan ami Pledger, 1989; Persson et BIt 1986).

The increased concentration of c"myc nlRNA following mitoger,ic

stimulation is superinduced by the presence of inhibitors of protein

synthesis {for example cycJohey.imide} or a deficiency ~,famino acids Inthe

medium. The exact mechanism for this is not clear. PosslbUWes inctuda the

inhibition of transcription shutdown and ths stabilisation of transcripts

(Almendrcf et et, U'.iSS; Olash8W et Ill, 1992).

c..fas mRNA concantrauon is increased after a mitogenic.:stimulation ·013i3

rl\ouse fibroblasts prior to the increase in the concentration of c..myc mRNA

and protein. The paak concentration of c..tos mRNA occurs 15 to 30

minutes after stimulation, and the protein conc&ntr$tion reschel a

maximum 30 to 60 minute'! after treatment with a mitogen. An incre3sed

13



fate of transcription accounts for most of the increased&xpreS$iQnof this

gene (KflJijer (It 8/, 19M). FQUowing maximal &x~res~fon,the transcript is

rapidly degtad&d, and not usually detectable at 2 hours aftar stimulation.

As with tha tr8nscr~pt of c~myc, c..fos mRNA is ;;k 'erinduced by the

presence of cycloheximide in the cult'Jre medium (Dennardt lit lIl, 1986;

Almendrsl lit lilt 19aa)~The Fos protein also .appeafl to be able 'to cause

negative f&Sdback. on its own expression .(luaibeUo fit 81t '9S9).

The serum responsive element (S.flE) fs a DNA enhtmcer sequence whIch

is largely responsibb for tho regulation of the expras.sion of c..fos as well

al other immediate early cellutar genes by growth factors. This topic has

recantly been reviewed by Treisman (19&2). The functIons of SR!:

sequencea appear' to be hldependent of their orientations and )ol,atlons on

genes relative to other promotef8 and the mRNA C'lP site. Activfty of the

SRE Is rapidly stimulatCKf following treatment by a wide variety of growth

fr.mtors, and this la largely responsible for the increase In c..fos mRNA

concentrations following mitogenic stimulation. The activation of the SRt:

appear! to Involve both protein kinase C dependent 88 well 88 protein

kinase C independent mechanisMsf and the activation is linked to signal

pathways which Involve (liS {Sassone"Corsi et Ill, 1988).

14
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ThekinatlJ:I of tlls expressionof the c1un protooncogene family (c1un>Jun

8 and Jun D) are similar to those of 0"/0& (Nakabeppu st til, 1988). The

mRNA of thase gene. is nlpidly induced by mitogen•• The peak In c1un

me&senger RNA concentrations is at 1 hour after stimulation. and there i8

barely d&tectable transcript at 3 hours. Also, the conce~itr8tlon of the

mRNA Is superinduced by t~,pr(lsern::eof protein synthesia inhibitor. in the

culture mediuM ~Nakebeppufit lilt 19S5).

1,3,3 EUNmlQNS af N!JCLEA8PRaroQJ;lCQ(U~NelDUBlfjG CaL

DJl111QN

Initial expetime.,t:l to determine tte functional role of c-fos In the

. proliferation of cell. (Holt at Ni, 1988) were aimed It blocking ot
endogenousc·fos mRNA by the production of e-tae dnilaenM't~nlcrlptl.

\\
\-..,

These anUsemse ttequencel praducad inhibltlnq of colony form~~tb~,and
~,-'"'-

'-'::_

proliferation of 313 .muuse fibrOblast cellrJ En culture. In I 8imil.sr

experIment, it wes shown (Nishikura and Murrey, 1967) that c..fos

antisense tronscripta prevented Go to G, transitiOn Induced by PlJGF, tut

had no effect on the exponantlai growth of 313 fibroblasts, The

Significance of these apparently c;onflictiilQ data may be ..hat there la an

important rol" for e..fos during .the Go to G, transition of celllt but in
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continuously dividing cella, the expression of c-/os may need only be

re~iduat (Calabretta and VenturelU, 1992).

The protein product of the c*myc gene appe!lrs to act aa a competence

factor for BALBlc 3T3 fibroblasts (reviewed by Caratmn.ta and Ventur.m

1992; Bishop, 1992)' :.md the c·myc product may function al.-!ft

intracellular mediator of d18mItogenic response induced by PDGF (Armefitl

et Bl, 1984i • BALS/a 313 fibroblasts trttnafectea with en e""t;enousc-n1Yc

i
,/

t~1MT~ltpromoter could

)Gr vmen the MMlVbe ir.duceo to Inirat. proliferation :'1ti~
r-,,,_co

promoter was ac'tsve. Subs&quantty* -t wali ,";:tNt: (KeCZ(in!h~t;, et til, ',985).
i

that microin]flctlon of c-myc: protein 10:.0 aALB/c ;.,is tells, cultured. in

medium that wa. depJ~t~d of PDGF, weI capable of initiating DNA

synthesis. AlsO', inhibition of c..myc exprl;tssion In T lymphocyte a by

exposureto a·my£: antisElnseotigodeoxynuclJ~tidel rf'fsu!ted in an inhlbiti,on

of the transition of cellI from Gl to S phases of the ceUcycle (Heikkila tit

aI, 1987).

Other nuclear protooncogene8 which appear to be important during the celt

division procean a"&c"myb and c..ets. Expression of c-myb is a relatively

late avent during the cell cycle. Maximal expression of the gene occur. 36
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to 40 hours after stimulation of T lymphocytes by phytohaemegtutinin

(PHA). This coincides with the entry of theH ceU. into the S-pha.e of tl1$

cell cycle (Torelli st III, 1985: Pauza, 1987). exposure of the ceUft to

conditions of protein synthesis inhibition decreases the expression of cmyb

(Reed et 4t/, 1986).

IntfuI.tlngly f analysis uf tha exprslliun of two memberr.:.l.lftnt) (HIts gGM

family. indjcata that the exprel8ion of c ..(1($..1 il inhibited by growth facto; .:

stImulation, but ~·ft$~2expraQion is Induced bV signats which caUIG

mitoltsln T fymphooytas (Bhat tit aI. 1990).
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DNA biqding bV proteins encoded by the nuclear proto-oncogenes c-myc,

e-tas and c-iun hal been well documented {reviewed by Gutman and

Wasylyk, 1991; Calabr'-ltta and "snturelli, 1992; Curran 6t til, 1992J~ and

U..;~ property illikely to be important in :egufating the f8te of ceU division.

ft is thought that by acting as transcriptional regulators, e-mvc, c..fos and

c1un affect the exprossion of other ~n(,1 which are 81$0 important in the

the control of cell division.

The ffrat reports impUc,.ting 11 link between oncogenes and transcription

factors emerged from studies which ahow&d functional and sequence

similarity between the V1f;t1 oneag'ene and the DNA binding dOl"rullinof the

yeast transcriptional regulator GCN4 (Vogt fit III, 1981; Struhl, 1981), The

DNA recognitIon sequence of GCN4 Is similar to the mamtr'tBllen Ap .., site

(Hili ,~t ill, 1986; Hope and Struhl, 1987; Lee .t til, 1987.,0). This

sequence is represented in genee which art responsive to phorbol esters,

and has ther&fon~ besn termed the TPA ..re$ponsive element (TRE) (Angel

et ai, 1987: Lee at .1, 1987b). Later TRE wes found to be pre.snt in genes

which are also responsive to a variety of Dther agents (Curran and Frltna8,

1988). Initial studies indicated that Jun was in fact the AP..' binding
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protein (Bohrrum et Ill, 1987; Bas et alii 1988). However, it has become

evident that AP-1 binding activity comprisss 8 complex mixture of proteins

of which Jun is on& (rrsnza st sl, 19S8; Rauscher et st, 1988). The other

two members of thG jlJn family, Jun Band Jun 0, share sequence similarjry

with c1un end also bind to the ssme DNA oequence of "ven nucleotidel

(TGACTCA) {Bohman" tit III, 1987; Nakageppu et sl, 19B5}.

A remarkable feltture of the traruscriptional activation by FOB and Jun

proteins is that they afG capabt~of farming tUrners through the interaction

of so-caned 'leucine zippers' (LBndachulz et .,, 1988: reviewed by Curran

et aI, 1992). Tre leucine zipper region comprises a stretch of 35 amIno

acids containing 4 to 5 leucine residues separated frlJm asch other by a

amino acids. The leuoine reslduBs are located on one side of an amphlpathlc

a-helix region of the protein. These hydrophobic reltdues are capable of

interdigitating with each other and thereby facilitate the formation of

protein dimers (lanQs.r,:hulz (it 81, 1988). These Fos and Jun protein

complexes are hIghly stabJe (Rauscher fit ,I, 19S5a, 1988b; Franze fit sl,

1988: Lucibello et 81, 1988; Chiu et ttl, 1985; SchCSnthalIt ~/,19a9~

Sassone"CorSi et ,,1, 1988). The heterodimer of Fos and Jun proteins binds

to the AP·1 binding sitf) with high affinity, and is a strong transcriptional

activator (Nakabeppu tJt Ill. 1985; Hala:zonetls st sl, 19S8; Kouzarides and
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Zitf, 1988; Rauscher er al# 1988c). The affinity of the Fos-Jun hatercdlmar

for the AP..1 site is approximately 30 fold higher than is tne Jun

ncmcdimer, The Jun homodimer is also a lass potent tr{;lnscf'iptionat

activator than is tho heterodimer {Abef and Maniatis, 1989; Vogt am.~Bos,

1989; SaUersand Struh!, 1989; Busch and Sassone·Corsi, 'IS90}. Tht' Fos

protein is unable to form a homodimer and bind to the AP·1 '~lite

(Hafazonetis at 81, 1988).

Myc protein also has a leucine zipper region which is thought to facitil:attl

dimerisation by inter;action of the leucine side chains {Blackwell at sf.

1990j. it has however only recently been shown that the prot~in encoded

by the c-myc oncogene has sequence specific DNA binding properties

(Blackwell at aI, 1990}. The basic/helix~loop~henx/leucinezipper tB/Hl.H/LZ}

lv:otifs within the Myc protein structure are important for this function.

A Myc-associated 'X' far.tor protein (termed Max) which is thought to be

important in the transcriptional activating properties of Myc has recently

been isolated. Max appears to be encoded by a highly conserved gene

which is expressed in many tissues of a wide variety of vertebrate species.

Max lntersets with Myc protein in a manner which requires the integrity of

the e-myc BIHLH/l.Z motif (Blackwell et st, 1990). In vitro, thEi complex
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binds specifically to the hexanuclaotide DNA sequence CACGTG (Bfackwefi

Ilt til, 1990; Kdckhoft et aI, 1991i Prendergrsst and Zift, 1991). When the

Myc:Max complex is formed, it is able to bind to the CACGTG sequence

under conditions where neither Myc nor Max are able to bind DNA

(Blackwooo and Eisenman, 1991; Prendargrast et til, 1991).. These DNA

binding properties of Myc and Max have recently been reviey.-ed

(Blackwood et til, 1991; Pendergrast and Zift, 1992).

The proteins encoded by the c..et$1 and c-8t$2 genes have DNA binding

activity which resides in the cltrhoxyt terminal of the protein. They bind to

a 14base pair enhancer element of which the sequence ACTTCCT appears

to be the essential part (Wasylyk 8t til, 1990).

The Myb protein binds to s specific core sequence (pVAACGITG)

(Bietlenkapp st til, 1988). This protein is. unusual in that its DNA binding

area is !ocated in the amino terminal portion of the protein {Klempnaue( and

$ip,et, 1987}. A p08$lbla link between the function of Myc and Myb

proteins in cell division activation has recently been revlew&d by Bishop

(1992).
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Racant discoveries have confirrood eltriier ideas that the transformed

phenotype may t!avelop as a result of mutatioJ';s which occur in cellular

genes which negatively regulate the rate of cen division. This negative

control is presumably expressed as a signal to the celf to slow down its rate

of division and to differentiate (Sager, 1989). These tumour suppressor

gen.{s were totated at the sites of delation of parts of chromosomes that

have been observed in some rare heritable cancers.

The initially isotzHed gena of thts class was the retinoblastoma (or RBt)

gene (Friend at sl, 1986; Dryja at ai, 1986). ChUdrsn with a mutation ln a

RBl allele have a 95% chance of developing a retinoblastoma and rill

increased risk of developing other tumours such as osteosarcomas and

fibrosarcomas {GalUe tit st', 1990}. RecentlYt the products of a number of

DNA viruses (for exampfa Simian virus 40 (SV40) and papiUomavtruses)

which are capable ot inducing mafignan~fes have been found to produ~e

proteins which bind to the RBt gene product, find thereby cause its

inaotivation. The rate of R!J1 gene expression in normal and malignant cen

proliferation has recently been reviewed (Hamel et sIt 1992; Hu tit ai,

1992).

22



Another tumour suppressor genel p53, h8S recently been implicat6ti in the

cause of a number of different malignancies including hepatocellular

carcinoma. Mutations of the p53 gene are thought to be the commonest

genetic abnormality in human malignancies (l.evine at et, 1991; QU8rtin et

sl, 1992). Tha protein of p53 was originally discovered in extracts from

tran!form&d cells with the antiserum from animals infected with SV40

O..lnzer and Levine, 1919; Lane and Crawford~ 1919). p53 forms complex

with the large T antigen of SV40 which the antiserum (F :~ognises. The

binding of p53 by the JargeT antigen is al$o important in the transforming

properties of SV40.

In humans, the p53 gene is located on the short arm of chromesome 11

and spans approximately 20 kb of DNA (Bencl1imol et sit 1985). The gene

contains 11 exons, the fir~n;of which is not codlngl and is approximately

10 kb away from the other coding sequences (Oren ot ai, 1983; Zakut-

Houri et et, 1983). p63 mRNA is approxillltitely 2.5kb In lel'1gto, and the

protein coded by this transcript is 53 000 daltons (Harlow et ,Ik 19B5).

The normal role of the p53 protei ...in the cel .. gely unknown (L.evjn~ .t

8t, 199"). It i~found in the nucteue, and struc.;'luraUy, it oomprises thrEle

domains ..an alpha-helicat stretch of 75 amino aoids at the amino terminal
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snd, folfo'f.o,edby a hydrophobic region (positiQos 75-150) and a carboxy

terminal end which is an alpha"helical basic region (Penniea et sl. 1984).

The areas of the protein that are mutated irHnaligoancies are lceatsd at

certain 'hot spots'. The highest frequency of mutations is found in eodons

specifying amino acid rStlidues 175, 248 and 273 fLevins at sIt 1991).

These areas are highly conserved amongst the 1)53 genes of different

species, suggesting that the regions are functionally very important {Soussi

st 81, 1987; levine et sIt 1991).

A numoor of hypo.thases has boon prop·osedto explain the mechanism by

which p53 regul~tes cell division and differentiation. Firstly, p53 may

regulate the assembly and funct~tul of the DNA replication-initiation

complex which Is required to be active prior to the entry of CQlIsinto tha S-

phase of the ceUcycle (Braithwaite 8tsi, 1987; Gannon and lana, 198?}.

Disruption of normal p53 funo!ion may therefore result in unr.ontroUed

cellular proliferation. $Inding of p53 to a cellular homologue of the SV40

large T antigen appears to be important In thIs process. Recentl\f, a cellular

protein was isolated whloh i$ normally closely associated to p53 (Momand

lit lilt 1992; OUner tit 81, 1992). Thts proteint called MOM2, was purified

because of Its co ..immunoprecipitation with p83. It appears to Inactivate

p53 through the formation of a protein complex. That Is by a similar
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mf'chenism to the association of the SV~O large T antigen of simian virus

40 and p5S. The report by Olinar st 111 {1992} also showed th8,t the MIJM2

lOCUS was amplified in 17 tiut of 47 human sarcomas. This is in keeping

with the idea that MOM2 overproduction inactivates p5S by the formation

of protein cor" plexes.

A second moohanism of p153 action is that it may function as a

transcriptional regulator. The fl,sslc C..terminal region has DNA binding

prop'9rti6s and may be Imp'ortent in the functioning of the product (If this

gene as a transcriptional regulator {Kern tit sl, 1991). Intere.tlngly" the

mutations with;n the p53 gene do not appear to affect the binding to

MOM2 protein. It is rather by affecting the sequence Sp&cif!c DNA binding

of p5S that the tumour suppressor activity is inhioited (Lane, 1992).

A third model for tumour suppres$or action of p53 has recently been

suggested (Lanet 1992). Normal p53 may monitor the integrity of the

genome by functioning as a so-caned 'molecular policeman' • If thare is DNA

damage, then p53 accumulates end suppresses the rate of cell division

allowing more time for DNA repair to take plaan• CeUs in which p53 is

mutated or in which It is bound to host (eg. MOM2) or viral (eg. SV40 large

T antigon) proteins fl'Wka it incapable of arresting cell growth. AI a resott,
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ganetic mut3ticms 8t:cumulste at an -inCf*!ased rate and tht$ has the effect

of increasing the p'Jbability of malignant transformatiun.

The rote of pS3 in the procoss of malignant transformstion is by no means

completely understood. New insights into the functioning of thi., prote,n

should provide important concepts far the undanatsnding of the procell of

carcinogenesis. The pS3 mutations found in HCC are discuss,d in more

detail tater.
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1.5.1 INmtlDUCDQN

Annually I hepatocellular «;r t.:inoma (HeC) affeett approximately 250 000

people worldwide. This malign!"ncy occurs cemrr .....:'lty in Africa south of the

Sahara and in ;lerts of the Far East (Kewt 1986). The nighest incidence has

been r~corded in Southern Africa (M..lQambiquehas an incidance of 103.S

per 100 000 per annum), Taiwan and South Sast China (Watet:"'touse st el,

1977).

The prognosis of people affected with this malignancy is generally arave,

especially amongst African and Chinese patient'. The clirrlca~ ceurss in

Afrioan patients ht usually fulminant, and survival time may be ttl short as

11 weeks after the onset of symptoms (Kew and Geddas, 1982). In thesa

patients, it is vary rare that the tumours are resectabli!J {1% of Southern

African nlacks, and 8% amongst Ugandans) and the tumour often does not

respond to chemotherspy {Harrison.t .1, 1973; Kew, 1986). The cUnical

course of patients from tower risk groups is generally more benign. The~e

tumours are often amenable to $urgical resection (31% amongst Japanese

patients) and may be responsive to ohttmtttherapy (Foster and Burman, 1977).
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Africans appear to btl unique with respect to the age at whic'" HCC

develops. a has beert reported that 8S many as !;O% of MO~8mbican

Shangaans with the tumour are les8 than 30 years of dg8 {Prates. 19f1}.

In other parts of the world, HCC usually davelops amongst older patients

with:a mean age of 55-60 years (Higginson, 1963). The male 1.0 female

preponderance of patients with HOC is particularly high in African and

Oriantaf pation'(~ where the ratio is 4-8 to. 1 {Higginson. 1963; Okuda,

'I976}.

Cirrhosis of the liver is freqlJl1mtiy alsocre-f-: ..t with HeC (Kew and Popper t

1984). The frequency of CIrrhosis ilnd HCC occurring together Is

apPfoxunately 00% in Southern AfrJcen blaCKS tKewand Geddes. 1982;

Patterson tit sll' 1985), and the overall incidenc\:) of ths sasooiatlon is

approximately 60% irrespective of the patients' background (Higginson,

1963).
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Epidemiological studies of HCChave enabled the identification of a number

ot different agents which are thought to be important in the development

of HCC. Some are listed in Table 1.2, which is a modification of the data

presented by Kew {t9S6l.

Serological evidence of infection with hepatitis B virus (HBV) is frsm,;ently

associated with the development ot HCC (Beasley et a', 1981). In sub-

Saharan Africa and in the Fat' East, approximately 90% of patients who

have HCC are a'50 infected with HBV (Brechot, 1987). Th risk of

developing NCC is approximate~y 10(}·fold higher in HBV earrtsrs than in

their age matched non-carrier counterparts (Beasley et sl, 1981). In

Western countries, alcoholism is frequently as!)(J1.,.jatedwith the

development of HOC, but environmental chemicals, with the possible

exception of aflatoxin, arc a rare cause of HCC (Pepper, 19791.

Most HCC tumours begin as solitary nodules {Tang, 1985}. They comprise

parenchymal cells which may be well, moderately or poorly differentiated.

The tumours aaneraUy do not cOfltain Kupffer cells, and the malignant

parenchymal cells are arranged in trabeculae two to eight ceUs thick which
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are sepsuated by sinusoids (Paters, 1916).

The association between HBV inf&etiun and Bee is perhaps the strongest

ever established be!:'!IJeSna viral infection and a human neoplasm (Carloni

tit sl, ~98a).This important fink obviously suggests that the virus may be

prlmarUy invalv&C. in the dE'valopment of HCC and at ledst promote the

initiation of a premalignant hepatic state (eg. hepatitis or cirrhosiS) (Zaman

at ai, 1986).

Hepatitia a virus Is a member of the hepadnavirus group of hepatotrophic.

VitUSII and only infects humans and c~rtaJn other primates (Blum st at
1989). Tha hepadnaviru8 family includes· the hepatitis vhuses of

woodchucks (Summers Sf sl, t918)' Pekinduck (Mason tit ai, 1980), hsren

{Sprengel (It .1, 19SB), ground (M.rfon tt .,, 19S0) and tree squirt"l.

(Faltel8on et sl, 1988). Thele members of the hepatlnavirus family hIve,.

similat genome structf.,les end tJl$Chanf,ms of their H.-plication. They are

also capable of inducing ~align8nciel in thest anittlala (rev~wed by Rogier

Sf {If. 1981; Popper, 19S8}.
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Frequent Occasional

HBV Infection

Chronic Aflatoxin ingestion

Cirrhosis

Smoking

Haemochromatosis

Primary nnd sElccndflry

biliary cirrhosis

Wilson'e disease

Chronic active hepatitis

tong term use of oral
/I

contraceptive'iSterofds or

an~boJic andr.ogenic

steroids

Alpha, antitrypsin

deficiency

llbll .1a.2.;. Factors which are associated with the development of

hepatocellular carcinoma (adapted from Ksw, 1.986).
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The genetic organis8tion of HBV (Figure 1.3) 8nft the processes involved

in viral .eptication have bsen the subject of 8 number of reviews (Michel

and TioUais. 1987; Lieberman st sl, 1987; Summers. 19&~: Blum st ai,

1989;Schaller and Filcher, 1991; Seeger at ai, 1991; Ganem, laSH. The

virus has a smaU, circular r partially double stranded DNA genome. The

minus (-) or kmg eLl strand is of a fixed length of 3 200 bases. This strand

has a circular structure,. but is not covalentl~' closed. The plus (+) or short

(S) strand has 8 variable length. and is usually 5()"100% of the length of

the - strand. The circular structure of the genorn;c DNA is malntain.a by

the base pairing between the 5' ends of the two strands. At both aides of

this cohesive overlap, there ia an 1 'I balG direct repeat of sequence 6'

TTCACC1'CTGC 3'. The.a detall$ of (he arranQt1Jmentof the HaV genome

are depleted diagremmatlceUy in Figure 1.3.
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ElgY[ll.3 The structure and organisation of the HBVgenome.ThA L (..) and
5 ( ) DNA strands comprising the genome are i:ldicated in the centre of
the diagram. and the overlaJJping opert reading frames are depicted by the
labelled large arrows surrounding ths Circular t'NA. The indicated nucleotide
positions ere r~lfltive to the EcoRIdigestion sits {position 11.The sequences
of the l (..) strtmti to which the 2.1 kb and 3.5 kb RNA transctipts are
complemsrltary are shown by the positions of the arrows or. ths outside of
the (fjagr~:jm.OR1 and DR2 are the direct repeats at positions 1824 and
1p90 ",,,,.,lectivaly. fl.ds!}ted from Michel and Tienals (1981).
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The - strand of HBV contains four open reading frames {ORFs} termed S,

C, P and X. and these sequences are conserved ar "'!gst the different

strains of hepadnaviruses. In summary, the functions of the proteini

encoded by these ORFs (reviewetl hy Michal and Tiollais, 1987; Lieberman

etal, 1987; Summers, 1988; Blum etsl, 1989; Sthatlerand F:~cher, 1991;

Seager et s/, 1991; Ganem, 1991) can be summarised as follows:

1. The S region codes for th(:{ three HBsAg proteins of the viral

envafot'( This sequence is divided into the S gelle, pre.$1 and pre..

S2 regions. Th9 three surface proteins are the ma}or protein (coded

for by S), the middle protein {cooedfor by the pre&S21Sregions} and

the targe protein (coded for by pre-.S1/pre ..S2/S sequences).

2. ihe C region comprISing C and pre"C fl,igions, codes for H6cAg

{coded by the C &equencel, and a larger HBcAg coded for by pre"C

and C sequences. The HBcAg II required for the essembly of viral

core particles.

3. The Pregion codes for DNA polymerase/reverse ttahacrlptase and Is

important for the replldeti.on of the viral genome. This region 8Is\.'

codes for a protein which IIcovalently attached to the 5' end of the

DNA minus strand.

4. The region of the HBV genome denoted X encO'des'the HBxAg. This

prgtain has Ullns activating propertlel' {iwu and Schioemtr, 1987;
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Wallersheim et a(;-( 1988; Aufiero and Schneider 1990), proteln

kinase {Wu et ai, 1990} and serina protease inhibition properties

(Koike, 1992).

There are two major transoripts of the hepatitis B virus. Thay are unspUce~

RNA molecules of plus strand polarity which are transcribed from the L H

strand. TMe RNA mo'ecules are transcribed from different initiation sites,

but they have a common 3' terminus which is polyadenyiated (Will et 81,

1981; Seeger et sl, 198.7). These two transcripts were originally

characterised in chimpanzea liver Sl1echnenswhi~l oliGtaan infected with
\\

HBV {Cataneo Ilt 1IIt 1984}. The RNA strands are referred to as 2.1 kb and

3.5 kb RNAs according to their sizes. The 5' end of the 2.1 kb RNA has

bean mapped to an area about 20 bp upstream of the pre..S2 raglon, and

the 3' end to the beginnllig of the C gene. The 5' end of the 3.5 kb RNA

has been mapped to the pre-C reglan and the 3' end of this transcript is at

the same position as that of the 2.1 kb transcript (Michel and TioU.::ls,

1981; Lieberman et lilt 1.187; Summers, 1988: Blum st ai, 1989; Schalter

and Fischer, 1991; Saeger at aI, 1991; Ganem, 1991) (sr~$Flgurs 1.3).

The 3.5 kb RNA molecule contains the fun complement of genetiC

information of the HBV genome. In addition to the 2.1 kb 8ubgenomic RNA,
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two ether species of subgenomic RNA have been characterised. They have

lengths of 2.4 kb and 0.65. kb (Blum st a', 1989).

The largest genomic RNA serves as template fur HBV ONA synthesis and

for the coding of proteins not encoded by the slTtSUersubgenomic RNA.

, -'That is, the pre-C, C and P gen$ pruducts {se~ Figure 1.3}. The subgenomtc

RNA may serve 88 template for the synth$8i. of the other proteins,

Important biological characteristics of hepadr.evlrus infections are the

8~ies specificity and the hepatotropism (Blum et a/, 1989).. Tho

attachment of viral particles to Uv( t cell ~mbranas appears to be. a
l f

receptor mediated event. A specific recaptor on the hepatocyt& recognises

a peptide sequence which Is encod\ld by the pre"S 1 gene (Neurath 6t ai,

1986). After entry of the HBV DNA into the hepatovte, it may follow one

of three different pathways (Blum ttt ai, 1989; Seeger tit ai, 1991).

1. It mav persist in a latent state Without repUcating actively.

2. It may become integrated Into the genome of the host. This aspact

of the ~!J:lVlife cycle appears to be particularly important in the

disruption of host cellular genes, and may thus be central to tha

carcinogenic properties of HBV.

3. The virus mny replicate actively.
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HBV replication is ~rcomplicated PiOC"S! ~hich initially involves the
\'\

conversion of open circular viral DNA {(leONA) to covalently closed circular
(1

Ii
DNA (cccDNA}. The - strand of this cccONA is then used 8!D template for

transcription of the 3.5 kb polyauenylated pregenomic RNA. This RNA

pregenoma is then used as template for the synthesi& of the .. DNA strand

followed by the synthesis of the shorter + DNA strand from the .. strand

template. This .process of HBV repli(!8tion has ~en reviewed by Blum st 81
\ '

t198~) i~nd Seeger at al (1991).

A remarkabkl teature of the genome l')f HBV is its compact organisation, It

has the smallest genol\le of any virus knn'~ to infect man and uses its

genetic materials extremalv economically. Thl$ '. is achieved by two

important and rare genetic arrangement. (Miller ,t.', 1989):

1. The reading frames of the genes coding the HBV proteins are

overlapping. This is posaible through translation of the reading

triplets specifying the amino acids in phase with the 11rlt$$CO\-vf or
\

third nucleotldes ot a given gene ,equenue.

2. AU of the gene regulatory DNA elementl of HBV reside Within the

protein. coding sequences.. That is, although the protein ctding

capacity of HBV is. enhanced by overlapping reading frames, the
I

bindirlg sites for proteins involved in regulating gene expression or
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genome replication atso f8!ldlt within Q!)QnreadinrJ frames.

Hybridisation studies on the DNA of HC;Cspecimr.ns have shown that in

most eases, HBV,/4JNA is inte9rated into the ~;!?i?1omeof the tumours

(f3rechbt 8t sl, 1981; Shafritz and 'Kew, 1981: Sh~fritl.et ai, t981; Koshy

et Ill, 19B1). Southam blot 8nalys!~~of the HeC DNA ir~uicates that the

sites of HBV integration vary in different tumours, and I:lSO, indlvhlual

tumours often contain multIple vbal DNA integratIons. Tr'l sites of

napadnavlrus DNA integration include an area adjacent to a stlqvenca With

homology to srbA B. d steroid recaptor ganes (Oeje'ln et st, 198B), a eyelln

~ g()nEJ{Wang st 81t 1990), and also the c..myc, N..myc-1 and N..mvc...2

gal'\f:u;in woodchuck Uver tumours (Moray st ai, 1986; Hsu 8f 81, 1988;

Fourelet 81, 1990).

It has also been shown that HSV DNA may be duplicated and/or

translocated to different cellf.dar Jo<'~tions following the initial insertion

(Koch tt alt 1984; Ziemer at 8/, 1985: Hlno 8t sl, 1986). HSV DNA Is 81.80

frequently rearranged 88 8 r$sult of deletions, irweralons end/or duplications

whit:h occur during Integration (Koch 8t II, 1984; Ziemer tit st; 1985;' Hino

at sl, 19S5;. Dejean 8t 141,1985: Koike (It til, 1983; (oshy et 8i, 1983;

RogIer Of sl, 198·5). Chromosomal translocations have elsa been associated
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with HBV integration in HCC (Hino et 'It 1986: Meyer lit st, ;992).

Another line of evidence implicating HBV and its products in the aetiology

of h~(:3tocenuI8rcarcinoma comes from the rftcent data on the product of

the Hi3'tt X·gene (Kim et fli. 1991). Transgenic mice* from germ nne cells

in which the entire HBx g~ne under ita own regulatory al8mants hou bflen

irll.:orporated, wars: shown to develop pro;.jressive h;stopathofogicat changes

in thf1ir livers which ultimately tad to hepatocellular carcinoma (Kim 4t lit,

1991).

1he HBx protein is a protein kinase (Wu et sit 1990) which nas

transcriptional activatins; properties (Wallersheim fit ", f 9138; Aufiero and

Schneider, 1990; Twu and Schloemer, 1987). This protein may be linked

to the development of HCC thrau ...1the trans activation of viral and host

cen gene expression. HBx has bllen shown to tran.activate the

protooncooenes c..fos and c-myc (&118no at tI/, 1991).

In addition to tho HBx proteinI' it he$ al80 been reported that 3' t:'lmcated

pre S2/S sequenceJ in Integrated HBV DNA encode a transcriptional trsns-

activating property tKe~:uI6et 81, 199 \). The product of this sequence WE!S

shown to activat(" c..mya eXllrelsion (Kekul6 st 1.11,1990).
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Another important deveJopmertt in understanding the molecullr p&thoiogy

·of HBV has been the demonstration (if molecular variatio1 in the HBV

genome. Patients with t:hronic hepatitis have been found to be infected

with viml'!; that have different saquences, and some of the regions of the

HBV genome from thes. isolates are poorly conserved (Kan.ko and Millar,

1989). Mutant virusGs ",aV be ~esponsible for the different clinical courses

that HaV infactlot;1s often taka. This may result from altered immunological

pressures, caused by the mutation., being placed on the host (Brown et aI,

1992). HaV mutations may also influence the &rficiency with which its

DNA is integrated Into the host gar,ome by cellular 'integra&e' enzymes.

(Such an enlYmfi ts top,oisomerllll& I (Wang and Rogier, 1991).
('



//

The hepatitis C virus, originally termed non "A, non ..B hepatitis virus has

recently been Isolated and the geflome characterised using 8 recombmant

cilmplementary DNA {cDNA} ap,mlach (Choo tit III, 1989).

The genome of this virus comprises a single plus stranded RNA rnolecule

of approximately 9 400 nucfeot,das (Keto et a/, 1990; HoughtGn et II/t

1991; Chao st ai, 1991; Takamizawa fit ai, 1991).The sequence contains

an open reading frame which almost spans the enti,. genome. This ORF

may encode a vira! t:frotein of 3 011 (Choo tNt ai, 1991) or a 010 (Kato et

sl, 199'0; Takamlzawa st til, 1991} amino acIds. A sequanua of 324 to 341

nucleotidas precedes the large. open reading frame, and contains 3 or 4

very small ORFs which may coda proteins of up to 28 amino acids tn temgth

{Houghton st tilt 1991J.

T' , genome of HCV does not demonstrate rel1'1erkabtesequ&nca homology

to ~heother hep&titis viruses. There Is howtvtr evidsoce whi~h suggElst8

that HCV is related to human flavivirusea (&g. yellow fever virus) and

animal pestiviruses (eg. hog cholera virus) (Miller, 1991)..
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Nurtli;)rous data impUcet\) HeV as the tmljor caUBe of post transfusion

hepatitis and community acquired hepatitis around the world (Alter lit Ill,.

1989: Esteban et 111, 1989; Kuo It sl, 1989~ 'Ian dar Poel st ai, 1989; Chao

lilt st, 1990; Miyamura st til, 1990). It has also been established that the

risk of devektping HCC is significantlv highft .. amongst patients who are

seropositive for HCV infsction (Vargas at Iff, 1989; Saito et all 1990;

Colombo tit 111, '990~ Kew et 81, 1990).

Hepatttis 0 virus is also an important liver pathOQen which has been

aSSoc'1ted with severe ~98tltf$ and hep,atoceUuJar carcinoma. Since this

virus requires HaVas a helper virus, it is difficult to distinguian the effects

of HBV from those of HOV (Aezetto. dt sl, 1980; Smedile et alt 1982;

Negro st ai, 1988).

Aflatoxin is probably one of the most pl)tent hepatocarcinogens which is

known to man (Linlalf, 1984). It Is 8 mycotoxin produced by the fung'JI,

AspfJrglllus flllIvus QIYZ1l4,which contaminates cereshl and other foods

when stored in hot and humid conditiof.S. Close correlations between HCC
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and aflatoxin Iltxposurehavebeendemonstrated in many pans of the world

(Unsell, 1984; Newbornn, 1984; van Rensburget 81t 1985).

Ingested aflatoxin is converted :'y oxidase enzymes, associated with

cytochrome P450, to roactive metabolites such as the 2,3 epoxide. This

compound is capable o~producing chemical modifications of DNA which

lead to base substitutions during replication and also breaks in the

poJ'fnucleotideDNA backbone (Miller and Miller, 1966; Miller and MiHert

1981).

Interest in the rotE;;of aflatoxin in causing HCChas been renewed after the

demonstration of point mutations occurring at a p53 'hot spot' in

hepatocellular carcinoma specimen: fr('m Chinaand Southern Africa (Hlu

et BI, 1991; SresEseat ai, 1991). Of the henatomaa from the Chinese

patientsl at had transversion point mutations 0 se C or T in the 249th

codon (Hau at sIt 1991). Of the 5 tumours derived from Southern African

patients analysed by Sressseat 81 (1991), four had G to T substitutions

with three of them occurring itt the 249th codon. The balEl changes

desoribedby these two groupsare in keepingwith the mutations whieh ere

induced by carcinogens such as aflatoxin (Harri$, 1991).
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ln another study on p53 mutIJtions tn 28 cell lines and hepatocellular

carcinoma spiJcimans from Taiwan# a mutation In the p53 gene

(homozygousdelation) was found in only ene pab tHosono 8t 81, 1991}.

The reascn for this Inability to detect mutatlenc may relate to the

differential importance of HB'Jand aflatoxin in causing HCCin the different

populations. HBV infection predominates.in Taiwan, and aflatoxin may be

more important in Southern Africa and China (Carbone, 1991).

'c

The suggestion that a tumour suppressor gena ll1{~y be in~\olvad in

hepatocarcinogenasis aitrocame from a differel1tn~eJf evidence (Buetow

fAt sl, 1989). In this study hy Buetow et III ("'989), screenIng DNA from
'\_' vv

HCC specimens against tI panel of reatrlctkm fragment length

polymorphisms (RFLPs),showed a loss of constitutional heterozygosity on

chromosome 4. These relults were thought to indlcate that an anti ..

oncogene focated on chromosoma4 m~y be partly responsible for causing

HCC.This antioncogena is not the same8Sp53t 8S this gena 18 located on

chromosome 17 {Benchimol ,t SIt 19S5I.

The demonstration of p53 mutations in HCC and the strong evl(ifmce

linking HBV infection to this maUgnancvsuggests D complicated molecular

basis fot' hepatocellular carcinog&neais.Tha relationship between the p53
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mutations and HBV infettion in HCC could be through the interaotlon of a

virfiUy encoded protein with a mutant .l!::~~to cause ab,iormat cen division

(Harris, 1991).
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Chapter 2

MATERIALS AND METHODS



Il-,.\

l~g AIMS

A large body of evidence has recently 8Ct'Ufrlt:l~ted which implies that the

caruinogenic process involves multiple steps (Bishop, 1991). That is, rather

than a sin~le gane baing affoot&d, it likely that loss of II tumour suppressor

gene, together with the disruption of a cellular protooncoge!1G may be

Involved in the progression of many cancers inc:luding.HCC. This ida~ is in

keeping with the original multistep and/or 'two hit' models {Armitage and

OoU, 1954; Knudson, 1971).

'In this study on the expression of oncogenes In normal cells and In

hepatoceUular carcinoma, the aims have be'3n to determine whether:

1. there is evidence of abnormeslexprest»ion of the oncogenes c..myc,

c-fcs, c..Ha·ra$ and c-srbA in HCC specimens of Southern African

origin.

2. there are alterations in the rate of a-mye, c"(O$ snd c..jt,m expression

following the mitogenic stimulation of cultured cells with alkaline

medium.

3. the x,·gene of HBV is an oncogene derived from a mamrrntUan hoat.

46



2. MATERIALS AND METHODS •••• " . • • • • • • • • • • • • • • • • • •• 47

2.1 MATERIALS ••••••• •••••••.••••••••••••••• 41

2.1.1 PREPARATION OF TREATEO MATERiALS • • • •. 41

2.1.1.1 Deioni&ed Formamide ••••••••••••• 47

2.1.1'.25S-Phenol •. 3 ••••• * .... , ••• '" ..... 48-

2.1.1.3 RNase-fre Materials • • • • • • • • • • • • •• 48

2.1.1.4 SUiconising of Glassware • • • • • • • • • •• 49

2.1.1.5 Freparation of G·50 Sephadex for

Chromatography • • • • • • • • • • • • • • • • •• 49

2.1.1.6 Preparation of DNase frae RNase ••••• 50

2.1.1.1 PreparatIon of La (lauria·6artanl)

Medium and Agar • • • • • • • • • • • • • • • •• 50

2.1.1.8 Preparation of Minimum Becterial

Growth Medium • • • • • • • • • • • • • • • • •• 5';

2.1.1.9 Preparation of Tjs~ue Culture Media ••• 52

2.2 ONCOGENE ANALYSIS IN HEPATOCEl.LULAR

CARCINOMA SPECIMENS t t • • • • • • • • • • • • • • • • •• 53

2.2.1 TISSUE SPECIMENS. • • • • • • • • • • • • • • • • • •• 53

2.2.2 RNA ANALYSIS ••••••••••••••••••••• '.' 53

2.2.2.1 'soiation •••••••••••••••••••••• 53

2.2.2.2 Preparation of N~)fthern and 810t bIota •• 55



2.2.3 DNA ANAlVSIS • • • • •• ••••.••••••••••• 56

2.2.3.1 Isolation •••••••••••••••••••••• 56

2.2.3.2 Preparation of Southern Blots. • • • • • •• 51

2.2.4 HYBRIDISATION OF SOUTHERN AND

NORTHERNBLOTS •••••••••••••••••••• 51

2.2.5 PROBE PREPARATION •••••••••••••••••• 59

2.2.5.1 Transformation of Bacteria ••••••••• 59

2.2.6.2 Plasmid DNA Preparation. • • • • • • • • •• 6.0

2.2.5.3 Digestion and Isolation of Cloned

~la$mid Inserts • • • • • . • • • • • • • • • • • •• 62

2.2.5.4 Probe Labelling ••••••••••••••••• S4

2.2.6 WESTERN BLOT ANALYSIS OF

ONCOPROTEINS •••••••••••••••••••••• 6e
2.2.6.1 Protein Extraction • • • • • • • • • • • • • • •• 66

2.2.6.2 Polyacrylamide Gel Ele<;trophor(tsis of

Proteins • • • • • • • • • • ,. • • • • • • • • • • • •• 66

2.3 CULTURE AND STIMULATION OF 3T6 MOUSE EMBRYO

FIBROBLASTS •••••••••••••••••••••••••••• SS

2.3.1 RNA ANALYSIS. • • • • • • • • • • • • • • • • • • • • •• 69

2.3.2 PULSE LABELLING OF RNA ••••• " • • • • • • • •• 70

2.3.3 SILVER STAINING OF RNA SEPARATED ON

DENATURING POLYACRYLAMIDE GELS. , • • •• 71



2.4 ANALYSIS OF MAMMALIAN DNA AND RNA WITH HBV

X-GENE PROBES ••••••••••••••.••••••••••• 1'1

2.4.1 TISSUE PREPARATiON • • • • • • • • • • • • • • • • •• 72

2.4.2 NORTHERN AND SOUTHERN BLOTANALYSJS • 12

2.4.2.1 Isolation of par\, A + mRNA ••••••••• 72

2.4.2.' Probe LebeUing ••• • • • • • • • • • • •• • 73

.2 4.2.2.1 Multlprime labelling •.••••••• 73

2.4.2 •.2.2 peR labelling •••••• ~• • • • •• 73

2.4.2.2.3 spa Probe labelling •••••••• 74

2.4.2.2 Hybddil8tion and POlt HybrkJisation

Washes of Blots probed with the X-gena • 76

2.4.3 SP64 HEPATITIS B viRUS X·GENE CLONE

CONSTRUCTION ••••• • • • • • • • • • • • • • • • •• 77

2.4.3.1 PCR ,.s.\mpliffcetiQn·of the X-gene and

Incorporation (if R&8trictionSites •••••• 71

2.4.3.2 Restriction enzymu Dioel~ton • • • • • • •• 78

2.4.3 3 ligation of X.gene Fragment and SP64

Pl,aamid .......,.... '* • .. • t ,. .. • • .. • ... • 1}" 79

2.4.3.4 PJ$smidDNA Preparation. • • • • • • •• SO

2.4.3.5 Preparation of SP64 HBV )("gen&

recombinant DNA for Labelling with spa
RNA Polvmerase • • • • • • • • • • • • • • • • •• (So



2.5 A.PPROACHES TO THE ISOLATION !)F A. MAMMALIAN

HOMOLOGUe OF THE X-GENE • • • • •• •••••••••• 82

2.5.1 eDNA LIBRARY SCREENING ••••••••••• •• 82

2.5.1.1 Titer ••)g and Plating of Phage cONI.

Libraries ...., it ., • '" • • fj • • • ., • 4 ....". It ,82

2.5.1.1.1 Preparation of Plating CaU •••• .,2

2.5.1.1.2 eDNA Library Titerfng •••• ,. •• sa
2.5.1.1. '3 Plating of eDNA librarf.ea ,;or

ScreEUlin~ • • • • • • • ~ e • • • • • ..• •• 85

2.5.1.1.4 Immobilisation of Blcteriophf~g$

plaques on Nylon Membranas 86

2.5.1.1.5 Filter Hybridi,ation .•••••••• 87

2.S. t .1.6 SG:ConcJaryScreening ••• ••• .81

2/5.2 PLAQUE PURIFICATION ••• ••••••••• ••• 87

2.5.2.1 Plate lysis Method of ~cterfopb~ge

DNA Pr~paration • • • • • . • • • • . • •• ••• S8

2.5.2..2 liquid Lyall Method of !38cteriophltge

DNA Preparaton • • • • • • • • • • • • '. ••• 90

2.5.2.3 Liquid LY'Ilte with CsCI centrif ....gatipn

method of t'act$riophage .)rlA

pr~)sration .. . , .. . .,. '* •• , • .,. -... '... 91

:2 5.3 SOU"fHERN BLOT ANALYStS tIlt:



BACTERIOPHAGE DNA • • • • • • • • • • • ••• , • •• 94

2.5.4. PCR BASED APPROACH TO THE ISOLATION OF

HOMOLOGOUS X"GENE SEQUENCFS FROM

eDNA LIBRARIES • • • . • • • • • • • • • • • •• .••• &4

2.6 DNA SEQUENCING •••••••••••••••••••••••••• 97

2.6.1 M13 CLONING • • • • • • • • • • • • • • • • • • • • • •• 97

2.6.1.1 Ligation of Insert and Vector DNA •••• 9'1

2.6.1.2 Preparationof Competent E. coli cells • 98

2.6.1.3 Transfection ••••••••••••••••••• 99

2.6.1.4 Preparation of Recombinant M13

Replicative Form (RF) DNA • • • • • • • • •• 100

2.6.1.5 Preparation of Recombinant M13

ssDNA . fI .: ..• t ...... , ... « iI .. • • .. • .. ... 101

2.6.2 SEQUENCING OF RECOMBINANT M13 ssDNA 102

2.7 ASYMMETRIC REftAMPLlFICAnON TO CONFIRM PCR

PRODUCTS l .• " ., t • I: • l • , ••• ,,, if; • -. 11 " 108



The chemicals used were of analytical reagent grade and were obtained

from recognised commercial vendors. All radioactive Jsotopes wenl

p:.srchased from Amersham. The sources of enzymes and other sp&cfallsed
L:

materials are indicat(Ki in the .relevant sections of the text. Sterile

plasticwara including tissue culture fls8ks 'NIl$ suppUed by Nunc.

Formamida was dekmised by trutment with SicrRad or Sigma Chemical

Company mixed bed r. rr). To apprQxlmately 100mt of formamlde, 2g of

resin was added, and the mixture stirred for approximately 4 houri.

Thereafter, the solution was ftlttuad Ind stored «t ·20oC for up to 6

months before use.

47



· i
2.1 t1.2 §S..ftnmol

Salt saturated phenol was prepared according to the procedure outlined by

Davis fJt (Jl neSS). To a 5009 bottle of phenol, 100ml of 2M Trial pH 1.4

and 130 ml of water were added, and the phenol carefully heated to 37QC

with shaking until itdissolved. The upper aqueous phase was removed and

100ml of 2M Tri8, pH7.4, 25 rnl m-cresel and 500mg a"hydroxyquinoline

was added. The .aqu~ous and phenol layers were stored together at room

tempel'aturo. The yellow phenol solution (top laver) was used for nucleic
'"I

acid extractions.

Wherever possible, sterne dlspoltlble plasticware was used for experiments

involving RNA. All solutions, except theas containing Trls, were renderer

RNase free by the addition of diethylpyrocarbonate to a concentration of

0.1% and autoclaving. Tris containing solutions were made up in sterile

Baxter water and thereafter autoclaved. Pipette tips and glassware were

treated by rinsing in chloroform or an aqueous solution of 0.1%

dfethylpyrocarbonata a,"d than sub1ectedto autocfeving.
"



!

l
I
~

Corex tubes (Corning) and other glassware to be used for work with DNA

and RNA were washed thoroughly and then immersed in a solution of 2%

dlmethyldichlorosHane in chloroform. The materials were then bakad for 3

hOUfS at 120°C and after coolingt the procedu:e repeated. After rinsing and

autoclavlng, they were ready for further use.

lhe procedure for siliconising of the glass plates used for seouencing gel

electrophoresis was simpler, but the siliconised surface did net last as long.

Each time the plates were assembled for electrophoresis, the'! were wiped

with a 2% solution of diMethyldichlorosiiane inchloroform and then rinsed

wftff\"tthanol. It was found that sil!conising of both plates resulted in easier

handlit\g af the s(~quenclng gels after electrophoresis.
\

Ii

jl

~.§ freQ{lmliQD of G-50 SgubiiUiex fQC~brQmJnQgr..aQhy

Sephadex G..50 was placed in water and incubated overnight (at 5 °C) to
SWE.I! the beads. Thereafter, they were autoclaved to sterilise.

A column was usually prepared using a 2ml Pasteur pipette. The narrow

49



part of the pipette was plugged with sHicaniseti grass wool before pouring

m th9 Sephadex G..50. The column was washed by passing t~rough several

volumes of column wash buffer (10mM Trls, pH 7.41 O.lmM EOTA, a.05M

Neel and O.'J% 50S).

2.1.' ,6 Prapa[ati911 Qf 12111111free RNllt

A 10 mglml solution of RNase A (Boehringer Mannheiml was heated in a

bailing water bath far 5 minutes in order to inactivate ONase. Thereafter,

the RNase A was stored at M200C before t se.

10g of bacto~tryptone, 5g of baoto..yeast ex~ract ~Olfco) and 10g of NaCl

were dissolved in 950 mlof water, the pH adjusted te 7.4 tJnGthe volume

of the solution was finatly adjusted to , litre before autoclav.ng. to sterilise.

La ags" was prepared by making a 1.5% solution of agar in l.a medtum,

Bottom agar used for the culturing of bacteriophages was prepared by the

addition of MgS04 to LB agar to a c«lncentration of 1OmM. Top agar was

similar with the eXcepti"ln that the concentration of !he ag·arwas 0.8%.
":;
<....,.
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II Top and bottom''agarose SQlutions were prepared by substituting agarose

for agar at the same cencentranonc.

Ampicillin stock solutions {50 mg/ml) were sterilised by filtering and then

added to the culture medium or agar (on cooling to ±SOOC) if required.

Liquid culture w~'S carried out in glass Erlenmeyer flasks which had been

sterilisGd by autocfaving. Agar plates were prepared in plastic Petri dishes

which were supplied sterile (SterUin, Houns(ow1 UK).

The prccedu.e llssd was essentially that dsscrlbed by Davis (It 81 {19S6}.

Initially, a phosphaie buffered saUnesolution was made up as follows: 60g

Na2HPO••1H,O. 30g KH2PO., 5{1NAtl and 10g NH,CI wefe di:lsolved in

900 mt of water and the pH adjusted to 1.4. 100 ml of a 20% solution

(w!vl of gtUCOS9: was added, 100 ml of this I:olution was made up to a Http
1,\

with the addition of water, 1 ml of 1M MgSO. (finat conCt,ntrstion 1 mM)'

and 0.1 ml of 1M CaCI: (final concentration 0.1 roM). All of the solutions

except the glucose solutio~, were autoclavad for sterilisation. Tho glucose

solution was filter sterilised. Minimal egar plates were poured using '1.5%
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agar made up in tho above minimal med~':~msolution.

Eagle's Minimum Essential Medium CMEM)WaS prepared according to thti

manuftctuiGr'S instructions (Gibco). After aPRropriate adjusttl'lents to\the

pH, the solutions were sterilised by pressure filtration using Millipore O.2p

fUters. Foetal caif serum (Gibco) was inactivated at 56QC for 30 minut~s

before use in media.
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2,2 QNCQQElYi :lNAlYS!$ :N HeftU:O_f"JU.LVlAB CAflQINQMA

§PECIMENS

2.2.1 nS§Ul; SPECIMENS

Hepatocellular carcinoma and adjacent hepatic tissue specimens were

removed from eight patients at surgery or soon after death and then,,')

irmnediately frozen in Hquid nitrogen. Of the patients, all ~xcept one had

serological evidence of infection with hepatitis a virus (HBV). NormalllvQr

tiSSUE:: was obtained at surgery from organ donors who did not have any

evide:"lce of liver dlseaae, The malignant or benign nature of the tissue

specimens was aSSessed histologically in the routine anatomical pathology

laboratories of the South African Institute for Medical Research.

\\
\1

Total cellular RNA was isolated from the tissues ~ccording to the watflod

of Chomczynski and Sacchi (1987). Approximately 50 mg of tissue was

homogonj~ed :,"1 1rnl of solution D (4 t;t guanj~inium thiocyanate, 2$ mM
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sodium citrate, pH 7- 0.5% sarcosyl, 0.1 M 2-marcaptoethanol).

Sequentially., 0.1 ml of 2 M sodium acetate. pH 4.0, 1 rnl of phenol (water

saturated), t111d 0.2 ml of chld\;\pform / isoamyl alcohot mixture (49:1} were

added to ttte homogenate with thorough mixing of thb reagants by shaking.

Th9 final IUIP&lj}llon was incubated on ice for 15 minutes. Aftar
()
h

centrifugation at 10 OOOxg for 20 minutes at 4°C, tts RNA. was present

in the upper phase~ and the proteins and DNA were at the interphase and

1.'1 the phenol phase. Tha aqueous phase was transferred to a new tube,
c

rrdxed with 1 ml of bsopropanol, and than placed at ..20°C for at least an

hour In order to tlrecipltate the RNA. Sediment"ition of the RNA was again

by centrifugation (10 OOOxgat 4°C for 20 :,.linutesl, and the ANA pellet

WliS suspendedin 0.3 ml of solution 0, transterred to a fresh tube, and the

RNA reprecipitated with an equal volume of lsoprepanef The final RNA

pfllllst was suspended in 50 .ul of 0.5% SOS, and tha concentration of this

solution determined by abs('{rbance at 260nrn using the conversion factor

of 1 OD2(lOOrn - 40 P9 RNA/mi. The RNA prepared according to this mothod

was generally of high purIty .. the ratio of absorbance at 260nm to that at

280 nm was consistently ii!: 1.8.
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20 pg of total cellular RNA was separated on 1.5% agaTose gels (Davis et

r)/, 19SB} containing O.66M formaldehyde, 1xMOPS buffer (O.02M MOPS,

pH 7.0, 5 mtA sodium acetate and 1mM EOTA) and in some cases ethidium

bromide te- a final concentration of 10pg/mt. After electfophoresisf the gels

were rinsed for 20 minutes in two changes of 10x SSC buffer {1x sse :=

O.16M NaCI, O.OlaM Sodium citrate, pH7.0) and then blotted onto nylon

or nitrocellulose membrane (Hybond ..N'tl· or Hybond"C™, Amershaml using

standard procedures (Davis et tI/, 1986). Cross-linking of thE RNA onto the

nylon membrane was by exposure to short wave UV irradiation for 5

minutes, and fixation to tie nitrocellulose was by baking at SooC for 1

hour.

The slot blot procedure was according to that of Davis ot IJj (19S6) using

a Schleicher and Sohuell SRC 072/0 MinlfoJd n apparatua, Serial dilutions

of total cellular RNA (5 ..O.01pg) were applied to the slot~'hand then affixed

to the membranes by UV Irraaiation. In each of the experlments, an axcees

of yeast transfer RNA {Sigma Chemical Company} was applied to on'" of

the slots in order to assess ncn-spectne binding of the probe.
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Specimens were homogenised in buffer (O.3M sodium acetate, 20 mM Tris ..

HGt and\?:i,imMEDTA, pH 7.5', and the cells were lysed by the addition of
\'-' ~\
", \1 )\sos to OS\l%. The {'ISate was extrected with an equal. volume of SS-

\\\;

phenollchloroform! isoamyl alcohol (50:50:1) and the phases were

separateo by centrifugation. The aqueous phase was removed and re..

extracted with SS"phenol and then again with chloroform / isoamyl alcohol

{24: 1). The aqueous phase was removed and the DNA preCipitated by the

addition of ;.wo volumes of ethanol. After spooling, the DNA was dissolved

in TE buffer (10mM Tris ..HCI, pH7.6, lmM EDTA). Recovery of DNA was

assessed spectrophotometrlcully using the conversion factor of 1 OO~eonm

=- 50 pg/ml. DNA prepared according to this method was generally of

sufficient purity for Southern blot analysis .. the ratio of absorbance at

260nm to that at 280 niH was consistently i1: 1.6.
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15 "ug of DNA was digested with 60 units of restriction enzyme according

to the \' manufacturer's instructions (Boehringer Mannhaim) and

electrophoresed in a horizontal 0.8% agarose gel containing 1x TAE buffer

(O.04M Tris·HCt, pH 7.2, 0.02M sodium acetate and 1mM EDTA) and 10

prJ/ml of ethidium bromide. After electrophoresis, the gels were processed

(Davis at ai, 1986) by incubation twice for 30 minutes in an excess of

solution A (1.5M NaCI and O.5M NaOH) and then twice for 30 minutes in

solution a (1M ammonium acetate, O.02M NaOH). The get was then

blotted onto Hybond ..N™ nylon membrane according to standard

procedures (Davis at ai, 1986).

The prehybridisation and hybridisation was done essentially according to

Wahl et s/ (1979). Briefly, prehybridisationwas carried out at 42°C for at

least 4 hours in a solution comprising 25 mM KP04, 5x sse, ox Denhardt's

solution {1OOxDenhardt's solution := 2% BSA, 2.% PVPI 2.% ficolfl, salmon

sperm DNA to a concentration of 50 pg/ml and 50% delonised formamlde.
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Hybridisetion was fat' '!8 hours at 42°C in a solution simi!ar to that of the

prehvbndlsatlon with thl3 addition of a heat denatured radioJabelled probe

(prepared as described in Section 2.2.5). After hybridisation, the Southam

blot filters were sequentlalty washed at 65°C for 30 minutes in the

following solunons. 2x SSC, 2xSSC and 0.1 ~l) 50S; 0,1x sse and 0.1 %

50S. The Northern blot filters were washed sequentially for 30 minutes at

42 QCeach I:'l 5x SSPE; 1.1(SSPEand 0.1 % 50S; O.1x SSPEand 0.1 %SDS

{1x SSPE is 150 mM NaCf, to mM NaH2P04• 1 mM EOTA, pH adjusted to

7.4 with NaOH}. Autoradh)(~raphy was at ·7·0°;; using 2 Chronex
1/ ~ I

intensifying. screens and Fuji r:X raedlcal X-ray fUm. A Beckman scanning
/i

dcnsttcmeter (model CDS-200~ was used to quantitate the intensity of the

slots and bands. These scC'nning data were corrected using a ratio to the

intensity of a methylene bllj~,\sf'.jned image of RNA on the blots or by using

an B-actin probe for re-hvbrldtsaticn to the blots (Davis et ai, 1986;

Sambrook et aI, 1989). A 0,.24 ~ 9.5kb molecular weight marker ladder

(Bethesda Research Laboratories) was used to determine the sizes of the

transcripts detected on the Northern blots. The sizes of the restrict.ion
<~\

fragments detected on the Southern Llots was deterrr.ined using HlndfIl

uiges.ted phage A molecular wei~ht markers (Boehrillger Mannheim).
j{

'-'

58



All of the oncogene probes used {c4os (van Straetsn et ai, 1983), c-mvc

{Oafla.,Favera at 81, 19B2}, c-Ha-ras (Chang at sf, 1982) and a-erbA

{Janssen et aI, '1982)} had been cloned into derivatives of the plat; ~id

pSrl322, and thsy conferred ampicillin resistance when transfectad into the

HB101 E coli bacterial strain. The procedure used for the transformation

was essentially according to that of Davis at 81 {19SS) with some minor

modifications.

Bacterial H9101 cells from a single colony of a plate culture were grown

for several hours at 37°C in 40 ml 0 LB medium with vigorous shaking

until the optical density at 600 nm was 0.3 to 0.5. The (:cellswere then

centrifuged (2 500 x g) at room temperature for 5 minutes and tho pellet

gently resuspended in 20 ml of 50 mM CaCI2, These cells were then

incubated on ice for SO minutes, recentrifuged at 4°C and then the pelle!

resuspended in 4 ml of 50 mM CaCI2• This finat suspenstcr of competent

calls was incubated overnight at 4°C before use.
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if
tn a sterile tube, a solution containing about 0.1pg (usually 1..20 pl1of

recombinant plasmid DNA was mixed with 200 pf of competent ceUs and

incubated on ice for 30 minutes. Thereafter, the cells were 'heat shocked'

for 2 minutes in a water bath at 42°C. 1 mt of LS medium containing 50pO

of ampicillin was added to tha tube, and the bacteria anowed to grow at

37°C for 45 minutes.

The transformed cells were then spread onto La agar plates containing

ampicillin (50ps/mll, inverted, and grown overnight ~t 31°C. Plasmid

extracts (&ee,below In Section 2.2.5.2) from the colonial were subjecteu

to restriction enzyme mapping before further an&Jysis.

The procedure used wee 11 modification of th~ technique described by

Slrnboim and 001'1 {1979}. A ba(;teriat colony selected from 8 pfate tlf

transformed HB101 E. coIl bactlria was used to inoculate 200ml of LB

containing 50pg/ml of ampicillin. The broth was cultured overnight 8::37°0

with vigorous shaking.

The cells were then peUeted by c:ant:lfugation at 2 OOOgfor 10 minutos
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and the pellet resuspended in 4.5 rot of glucose buffer (25 roM Tris, pH

8.0, 50 mM glucose and 10 mM fDTA). 1.5 mt cf a solution containing

lysozy.ma (Boehringer Mannhelm) (8rog/rot in glucose buffer) was added and

the solution incubated at room ternparatare for 5 minutes. 12 roTof 0.2 M

NaOH with 1% 50S was then added and the solution placed on ice for 5

minutes •.Thereafi:erl 9 mr of Ice cold potassium acetate solution (29.4g

potassium a~&tate (3M) and 11.5 ml glacialllcetic acidl100 rnl) was added

to the tube, and it watt then centrifuged (12 OOOg)for '15 minutes at 4°C'.

After the addition of an equal volume of isopropanol to the supernatant and

15 minutes inc::ub&tion at ,.200C, the ONt-\ was pelleted by cef\tfifugation

(12 OOOg) for 20 minutfls at 4°0.

The DNA pellet was resuspended in 0.5 tnt of TE buffer (1Q mM Tria HCI,

pH 1.4, 100pM EOTAl. 1/10 \fQlume of 20 x sse . 'ld 2Spt ONAsA frae

RNAse A (Boehringer Mannheim) (10mg/ml) was added to this and tr\en

incubated at 37°C for 30 minutes. 50pl of 3 M sodium acetate (pH 7.0)

was than added and the solution extraot&d once with equal volume! of 55 ..

phenol and chloroform and onCe With an equal volume of chloroform. The

aqueous. phase was ramovedf and the DNA recovered after the addition of

an equal volume of isopropanol, incubation at ..20°C for 20 minutes, and

then centrifugation for 20 minutas. at 12 000 g. T~ t supernatant was
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discarded, the pellefair dried, and the DNA suspended in 50pl of 'TEbuffer.

Inclusion of the RNAse digestion step allowed a reasonably accurate

measure{Jient of the DNA concentration by absorbance at 260 nm,

Previously f RNA contamination was very signiflc£ntt and made convenient

spectrophotometric assessment of the DNA concentration impossible. Tha

pta~mid DNA solution was stored at ~20oCuntil further use.

Plasmid DNA was digested ~~lng the af)propriate restriction

endonucletlse/s according to the manufacturet's (Boehringar Mannheim)

lnstructlone. Generally, 4U of restrlctten enzyme were used per pg of

plasmid DNA, and the lncubattons were carrled out at 371)C for 2 hours.

Digested plasmid DNA was subJeoted to 0.8% agarose gel electrophoresis

and the DNA bands visualised by siaining with ethidium bromIde (as

described in section 2.2.'3.2). Tl'\e areas -; the get bearln.g the oncogene

insert bands ware exctsed for extraction using ~he glass mUk adsorption

technique (Vogelstetn and Glll6spie, 1979) {Geneclean II" Kitt Blo101}. This

procedure was found to be rapid, reliable and comp8re~ favourably with the

conventional electroetutlon technique. Briefly, the procedure was as
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follows: Three volumes of aM Nal stock solution ware added to th& axcisf;d

band and this mixture incubated at 55°C for 5 minutes. After thiGtci~a
<:.;:::::;-~

agarose had malted. Approximately 1pJof glsssmi!k!» solution was added

per PO Qf DNA estiffillteo to be in the solution and then inuubated et room

temperature for 5 minutes. The glassmilke'ONA complex was pelleted by

centrifugation for 5 seconds and washed three times with NEW WASI-tI.

The DNA bound to the giassmilkS was elutoo into TE buffer by incubation

at L,.jOC for 3 minutes. This DNA was ready tor US8, and the yield was

checked by electrophoresis of a smalt aliquot and comparison of band

intensity with thOSe ltandard molecular wtlight marker DNA bands of

known amount.

An example of the method of calculation fJf insert concentraticn .and yield
.'

is !liven by using the data from figure 3.8. The molecular "wight marker

used was a HlnrllU digest of the bacteriophage lambda, The total number

of bases in 'lhe genome of this bacteriophage is approximately 48 500bp

and the fragment. detectable on the gal are 23 130bPt 9 41 ESbp,a 557bp1

4 361bp, 2 322bp, 2 027bp and 564bp. The ImsUest 125bp fra.gmant

(and sometimes the 564bp fragment) was generally not visible aftar

electrophoresis. The I'l.''nountsof DNA in each of the bands is therefore the
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fraction of the total genome that the band represents multiplied by the total

amount of DNA which was JQ~dedonto()~ gel in the marker lane. This is

based on the assumption that digestion is 10 completion and the restriction

fragments w~ich colfautively represent the genome of the bacteiophage'iue

present in equimofar amounts.

1n the example depicted in figure 3.6. it can be seen that the intenJity of

the 2 322bp fragment of the marker lane 1 is approximately the same as

that of the ~·myc oncogene fragment (lane 2). The amount of DNA which

is pr~ m that band is 96ng. (2 322 divided by 48 500 ane multiplied
",

by 2JJg.. 2pg being the total amount of bacteriophage marker DNA loaded

onto the gal.) A auJ aliquot ot the solution containing the a-mya fragment

was electrophoresed and the concentration per pI was therefore 48ng/pl.

Tna multiprime labelling method based on the protocol of Feinberg and

Vogefstein (1984) was used for the labelling of the probes, The following

components wero added to a sterile microfuge tube at the commencement

of the reaction:
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Hsat denatured DNA Template {25 ngi

5x M~It;prit'n$ tabeUin j buffer (250 mM Tris·HC',

pHS.O, 25mM MgCI,21 10 mM OTT, 1mM HEPES, 26

AztO units/mt random hexadeoxynueleotides)

10 pI

BSA (!img/mr) 4 pI

Water 21 pI

50 pCI [a·32PldCTP (±3000 Cilmmol, Amersham)

Ktanow Enzyme 2 pI

The reaetlon was allowed to proceed at room temperature for 4 hours.

Checking of the incorporation of radlolabel and calculation of the specific

activity waa according to the instructtons of Amersham. Unincorporated

3:tP"dCTPwas removed by glassm~k· adsorption fsee section 2.2.5.3) or

Sephadax G..50 chrorrtatography (Sambrook et 81, 1989).
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2.2.6 WelHaM BLOT ANAlYSI.&J)f gNCOPBQTfJNi

Approximately 50 O1g of liver tissue was homogerised in a ml of TBS buffer

(50 roM Tris,;HClt pH 7.5, 150 mM NeCf, 1% ..': "cQnX, 2 mM

phenylmethylsuJphonyl fluoride (PMSF)). The cen debris \1\'88 removed hy

brief centrifugation in a mlcrofuge no OOOxg for 2 minutes). The protein

in the supernatant was precipitated by the addition of {) volumes of ice cold

acetone and recovered by centrifugation for 5 minutes {10 000 g). The

prot!9in was resuspended in TBS and the conc~ntrati()n determined using~.',

the method of Lowry at sf {1951;'

100#g of protein was subjected to $OS urea polyacrylamide gal

elsc..trophoresls according to the method of laemmli (1970). In all

experimentsl' two similar gels wera run * one was stained with Coomsssie

bl~e in order to confirm that equal amoun~s ..:>1prot.eln were loaded on aU

of the lanes. The gets used for further analysis were electroblotted onto

nitrocellulose membranes (Hyb(lnd NC™, Amersham) and the blots probed
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with polyclonal rabbit antt-buman c-m and c..~ 8ntfbodies {Moosc,

Hamburg). Detection was performed ..,sing 125PebeUed protein A

(Arrersham) and autoradiography. Thasa prooedures were e.5sentiaUv

according to the recommendattons of Ameraham,

The probing procedure was as follows: Initially, non~speo.ific sites on the

filtars were blocked for 30 ..60 minutes with blocking solution (3% aSA,.

0.1% Tween in TaS buffer) at room temperature. Probing,with the primary

antibody (diluted 1:250 in blocking solution) was done overnight at SoC

with gentfti. t!lgitatio~l.-jhereafter, the blots were washed twice for 15

minutes in 0.1% Tween in TaS buffer. The bound primary antibodies were

deteoted by incubation in TBSlTween solution containing 0.S-0.5 pCi/blot

ulq labelled 'protein A for 1 hour. Excess unbaund protein A was removed

by washing in tv\!O changes cr ±250 mf of TBS/Tween solution. The blots

were then exposed for autoradiography. The au!oradiographa were scanned

densltometricolly I and the Intensities of the 141gnalsobtained compared to

those in the normal tissue specimens (100%). Rainbow molsculer weight

markers {Amersham} were used to .detarmine tt.a sites Of the proteins

detected by Western blotting.

67



2,3 CUlTUBIi AND IDMULADON Of 3m MOUSE EMilBYO

flDBOBLASIS

3T8 mouse embryo fibroblasts (Flow laboratories) were maintained in

Eagle'$ Minimum Essential Medium lMeMl~l.Ipplemanted with 1% fetal calf

serum (FeS). For a period of 48 hours prior to experimentation, the FeS

conesntratlon was reduced to 0.5%. Subsequently, the confluent
\1 \\

monolavers were stimulated by the addition of MEM at pH 9.5 for 5

minutes. CQntrohl were performed in which the cells were subjected to a

change ofcMEM c(int~i:11ng 0.5% Fes. After stimulatlonf the cells were.

harvested by trypsinisation of the flasks at 2 hourly interval, from 0 to 14

hours.

Trypsinisation was performed as follows: The culture medium was removed

from the flasks and the monolayer rinseu once with ealelum and

magnesium frea phospha'ce buffered saline (PBS) (8g Naet, 0.2 9 KCI, 1.15

9 Na2HP04' 0.2 9 KH2PO.. made up to 1 litre with distilled water). Pre..

warmed tryps1n solution (Oifoo, 0.2% w/v in oalolum and meQnesfuf~. fret")

paS) was then added to cover the monolayer of oens, and the flasks were

gently agitated to facilitate dissociation of the cells. The contents were

then transferred to a sterile tube and the cells oollected by centrifugation,
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washed with calcium and magnesium free PBS, and stored at ...70°C before

RNA extraction. Only flasks where the cell viability was assessed as being

greater than 85% by tripan blue exclusion {Babiar and Cohen, 1981} W,'3re

ueeo for further RNA analysis.

The pefleted cells were subjected to RNA extraction aooording to the

'method of Chomczynski and Sacchi (1987) (Section 2.2.2.1), The RNA
(\

was then processed by Northern and slot blotting as has been described in

previ:..'ussec:tions {2.2.2.2-?'.2.5.41. The blot$ wtre probed with multlprlme

(Feinberg and Vogeistetn, ..~a41labelled c..~ (van Streaten et a/, 1983),

c-mt!l (Dalla Favera et ai, 1982) and c...J.t.ta (Lamph et sJ, 1988) probes.

After hybridlsation and autoradiography, the signat detected by image

analysis was expressed as a ratiO to the amount of 1as ribosomal RNA

deteoted on the nitracC!tllulose blots by staining with methylene blue (Herrin

and Schmidtt 1988). The data were then expressed as the a:fference

between the ratios deticted after alkaline stimulation and those obtained

after replacing with fresh medium In tho control calls.

Methylene biue staining was found to work only on nitrocellulose fllttrs and
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not on nylon membranes. The staining proced'te (Sambrook et Ef/, 1989)

was briefly as follows: The filter was initially soaked in 5% acetic acid for

15 minutes at room temperature and then transferred to a solution of 0.5

M sodium acetate (pH 5.2) and 0.4% methylene biue for 10 minutes.

Thereafter I the blots were briefly rinsed in water and the stained RNA

visualised.

In a second set of experiments. after alkalintl stimulation, the cultured cells

were pulsed with 10 /lCi S..f'H)-uridine (::f: 40 Ci/mmol) (New England

Nuclear) per mt of medium for t.wo hour periods from 0 to 14 hours.

ContrOls were performed in which the cells were not stimulated but pulsed

with radioactive urldlne, The RNA was extracted as previously described

(Chomczynski and 5aochl, 198?) and then subjected to urea denaturing

polyacrylamide gal electrophoresis accOiding to the method of Lichtler et

11/ (1982). Samples of approximately 50 000 opm were applied to each

lane. Gels processed for fluorography were impregnateG with sodium

salicylate {Chamberlain, 1979}, dried, and then exposed to Full RX medical

X-ray film for up to 2 weeks at ..70aC. Each of the :Iuorograph lanes was
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scanned dansitometrfca1Jy in order to compare ths newly synthe8i~ed RNA.

%,~.3 §ILYEB .SIAfNIN§ Of DNA SePABATEQ QN DENAIUBlrti

eOLYi\Q8YLhMlae G;L&

The denaturing 5% polyacrylamide oel$ were stained witn silver accort:ing

to the method of Biedfar st 81 (1982).
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2.4 ANALYSIS QF MAMMALlAtL,DHA AND BNA WlIH Hml...K:li~HE

paQI~S

6 weak old mice wera s8t.t'ific&d by cervical dislocation. The following

tissues were n.mloved by disser,tion for further analysis: brein, thymust

heart, Uver7 spleen and kidney. Hepatocellular carciaoma and adjacent

normal hepatic tissue W$re resected from 3 patients at surgery and then

immediately immQfsed in liquid nitrogen. AU of these patients had

serological evidence of infection with hepatitis a virua. DNA was also

isolated from leucocytes obtained by venesection from Onlnfected human

volunteers.

DNA and RNA were isol.tad and subjected to Northern and Southern blot

hyhridisation as dsscribtd in .previoU$ Section$ (2.2.2 ..2.;:,5) with the

following modifications.
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Pofyadenylated RNA species were selected by adsorption to ofigo(dT!

cellulose accorciing to the method devised bV Aviv and Leder (1972) Qnd

modified bv Davis et al (1986).

Three methvds for th$ labelling of X-gene probes were Hsad:

This prooedure has already been described In Section 2.2.5.4.

ThQ primers used for the peR labelling of DNA were synthesited using a

MUUpore oUgonucleotlde synthesisar according to the manufacturat's

instructions. TIla synthesis wes carried out as a service at the facility of the

Biochemistry Department of the University of the Witwatersrand.

The 0li90nuclcotides were 24 base sanse (5'

CCTTTGTTTACGTCCCGTCGGCGC 3') and llnti8ensa {5'

73



CTACAGCCTCCTAATACAAAGACC g'l strands at the 5' and 3' ends

(nucleotides 1420 to 1443 and 1188'(0 1165 respectively) of the hepatitis

S virus X"gena. Tile oligonucleotide primers ware used at a concentration

of O.25.uM. 1.0ng of the HSV DNA containing the X-gene fragment

provided by Dr W.S"Robinlon (Wu et IJt 1990) was used as template DNA.

The peR buffer contained 50 mM KCf; 10 mM Tria-Hel {pH 8.'3} end 1.5

mM MgCI2• The concelltflltfon of dGTPt dATP and d1TP was 50pM, while

the final concentr~titln Qf unfabelled deTP was 10 pM. 100 pC; of 32p..dCTP

(±3000 Cl/mmol, Amersham) w,. also added to the re~tlon. Each mixture

had 8 fInal vo1ume of 100J,d. PeR was rmrformed using 2.5 unitl of 18(1

poiymer8le {purchaled from either Cetul or p.·omegs} for 30 cycles .. eSQh

cycle being 94°C for l' minute, 65~C for 1 minute end 72°C for 2

minutes. There waS a final extension step of 10 minutes at 72°C.

Unincorporated ~2P..dCTP was removl!d by Sephftiex G..!SOchrChllatagraphy

(Sambraok ot III, 1989), end the febelled DNA was denattf(~ by Mating in

8 boiling. water bath for 5 minute" prl9r to ula in hybridr.atloh experimantt.
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The protocol use:! was a modification of 'the procadure dev:s&d by Metton

at a/ {lS84) for RNA $.ynthesis in vitro The standard transcription protocol

involved adding the following com,ononts to • at.rUe tube at room

5x Transcription buffer (200mM Tri··HCI, pH? .5, ~u mM MgCI11 4 ,I!

10mM spermidine, 50 roM N&CI)

"'_rR-N-8-I-in-.-r-ib·o·"-n'-iJC-~e-.•-s-e-ir-'h-jl;\-It-o-r{io~i;;r;j"~\(~'-'-~I_"t__ -(.""_i--*"-1-pt--. -I
i
ii

1---_,...__W'f'.L·j ~t;;"".S}

temperature:

. ATP, GTP and U"P mix ~2.5 mM el',c~.

CTP 100pM
1-----..-----'".,..---,-...-.--------t----I
t------------------------------.------------~----,--.Linearised SP64 ;-dasmld template DNA 11/191pl In lEi buff.r) 1 /II

spa RNA polymerase (20 utilI, Prom.gal t ~l

Nuclease free water

.'oR j 11' ........ __ -1

il
to 20p1

Tn., reaction was allowed to contInue for 60 minutes by incubation at

37°C. The II!b&Ued,RNA was then putifitd as follows:

10 units of RNaae 1r8&ONes, I (lOu/pIE Boehringer Mannhoim) was added
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to the reaction mixture and then incubated at 37°C for 20 minutes.

Thereafter I 40 pi of RNAse fr~ water was added to the mixture, and 1t

was then extracted once with equa~volumes of 55-phenol and chloroform

and once with chloroform alone. 20 pi of 5 M ammonium acetate W81 then

added, and the RNA precipitated by the addition of 250 PI etharlol with

incubation at ..70°C for 15 minutes. ThG RNA was U!KlOVer$d by

centrifugation tit 12 000'0 for 20 minutes at 4°e. After resuspension in 50

pI of TE bufferl the percentage incorporation of [a..32P1CTPwas a8sesAed

by liquid Icintillaticm counting. This method of probe labelling was highly

effk:ient ,. percentage incorporations usually ranged from 6().SO% •

.2.&...2,2 tb!bddlM1li2!llnd f!Qlt HybddwltJoQ WUbII 2t Blu!1 ur2btd with

lb' X-ant

The conditions I)f hybridisatlon and washing were similar to thuse

previously described in Section 2.2.4 with the following modifications to

lower the stringtlncy. Hybridiseuon was carried out in a solution containing

40% formamide (instead of 50%) ~nd 6xssi;~all the other cemecnents

were similar to those de$crl~d in section l.2.4.Washing of the blots after

hybrldiaation was inltiaUy in 6x sse 8t room temperature for 15 minutes.

This was fOllowed bv two walhes it) 2)( sse, 0." % 90S for 15 minute.
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each. The final wash was in O.2x sse, 0.1 % SOS for 15 minut~s at room

temperature. After exposure for autoradiography, if the blots were found

to have a high background, they were again Welshed in 0.2)( sse, 0.1 %

SOS for 15 to 30 minutes at 42°0. Under these conditions. it was found

that stringency was the iowest possible without resulting in non-specific

hybridisation· bmding of the X gene probes to 185 and 285 ribosomal RNA

(used as an indication of non-spactrtc hybridisation) was not detectable.

In order to facilitate the cloning procedure, the HBV X-gene was amplified

using peR and primers whic;n had restriction enayme recognition sites

tSamHI and Xbal) at their 5' ends. The sequ-nces of the primers were

otherwise ~imi!ar to those used for the f-CR labelling protocol described in
"

Section 2.4.2.1.2. The two primers were 30 nucleotide long sense {5'

AGTCGGl!tICCCCTT'TGTTTACGTCCCGTCGGCGC 3'} and antisense (5'

AGTCICIA~l!tGGTGCTGGTGCGCAGACCAA TTTG 3') sequences located

towards the 5' and 3t ends of the hepatitis a virus X-gene respectively

muctectldes 1420 to 1443 and 1816 to 1793}. The 8amHI and Xbal

recognition sites are indinated by bold print in the above sequences. In
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I

addItion, the primdrs had a 4 nuclttOtide 51 .erminal redundancy (AGTC},

which was required to facilitate later restriction endonuclease digestion.

The oli~onucteotidel were each used at IIconcentration of O.2l5pM. 1.0 ng

of templ9te DNA. (Wu ttt Ill, 1990) was "'SfW, and the peR buffer contained

50 mM Kef; 10 mM Trh!JwHCI(pHS.S) and 1.5 mM MgCI2• The

deoxYl"'lucfE.otide triphosphate precursors were included at fJ cenoentratlcn

of 50 pM. The volume of too reaction mixture was lOOpS. peR was

performEtd using Taq polymerase (PromegaJ for 30 cycles· each cycle being

94°C for 1minute, S6°C for 1 minute and 72°C for 2 minutes. Thare was

a final extension step at 72QC for 10 minutes. After the reaction was

complete, the amplified DNA WS$ purified using. the glasspowder adsorption

technique (Vogalstein and Gillespie, 1979) (described in Section 2.2.5.3).

spa4 plasmid DNA waG purchased from Boehringer Mannhelm. The purified

amplified HBV X..gene fragment and the SP64 plasmid DNA were subjected

to a double restriction enzyl'lle digestIon with &mHI and Xb.f according to

the manufacturer's in$tructfon~ (Boehringer Mannhaim). The recommended

concentrations of the buffer components for the use of these enzymes in

combination Is Tris acetate 33 mmolll, pH7.9, Mg ..acetate 10 mmolJl,
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potassium acetate 66mmof/f and dithiothreitol 0.5 mlOOUf.The rS5trlctron

enzymes were us&d at a concentration of 4 units par pg of DNA digest$d"
",

and the reactions were anowed to continue for 2 hours at 37°C. After
~ .~

digestion, the plasmid an X-lJene DNA was again purified using glass

PQWderadsorption (Vogetstein and Gillaspie, 1979).

The SP64 and HBV X-gene fragments- were ligated by mixing the following

components (Sambrook et ttl, 1989):

HBV X.gene fragment 2. pg

2. PO

2. pi

SP64 plasmid DNA

H)x ligase buffer (Trhl..HCI O.5M, pH 7,4, MgCl2 0.1 M,

OTT O.2M, ATP 10mM BSA 50pg/ml)

T4 DNA Jlgase (4 unitsl Boehringer) 2. pi

Water to 20,,(11

Tha reaction mlxture was incubated overnight at 1St,C.
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Transfeotion Qf HB101 bacteria was 8S previously desorlbeC in section

2.2.5.1. Transformec bacteria were selected by their ability to grow 00 La

agar p:ataa containing ampicillin. Plasmid DNA preparation was performed

according to tne method of Sirnboim and Doly (1919) with the

modifioations describeq)o section 2.2.5.2. The piesmid DNA was mappad

using the restriction endonuoleases .EcoRI, SSmHI and Xbaf. Confirmation

of the recombinant SP64 HSV x...gane olone was also by Southern blotting

of the digested plasmid DNA. The procedure was similar to that described

in Section 2.2.3-2.2.5.

2Jh3.1 fllP.tltioD 2f SeH tI~ X"gODt rlmlDlblolot QNA fQr I.IbflUitlv

with sea BNA f9IYOOltlll

The isol&ted plasmid was subJeoted to digestIon with the restriction

andooucJe~use EcoRI. This enzyme diga13ts the recombinant plasmid

immediately downstream of the BamHI and XbsJ digestion sites of the

polyllnker where the X..gane fragment was inserted. A linearised DNA

template for 'run off' transcription by SP6 polymerase to produce antisense

RNA was thus oonveniently created. The promoter of the enzyme was
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u....,'4faam of'tha cloned frr.gment. the digested plasmid was tmm~ubjootad

to 0.8% a9ar08e gel electrophoresis (S£1ction 2.~.3.2), ami the linear

plasmid isolated from the agarose by glass powdEnt~dsorption (Vogelstein

and GiUespiel 1S79)'

The yield of the purified plasmid W&Sassessed aftar re~electrophoresi8 en

agarose, and comparison of the ethidium bromide stained bands With those

of markers of '<nownconcentration. The digested plasmid was then ready

for production of labEtU&dX..gene transcripts according to the method

outlined In sectklO 2.4.2.1.3.
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2,tz APeBOACHeS IQ THE ISOLATION OF A MAMMAUAN HQMQlOGUE

Q.E THe x ..geNI=

The eONA libraries us&d were purchased from Clontech, Palo Alto.

Bacteriophage Ast1.0 was the vector used, and the librades were

constructed with reverse transcribed mRNA isolated from mC\useheart and

thymus. The procedures used for the titerit'9 of the libraries was essentlafly

according to standard procedures (Sambn)oi( (It 81, 1989) with few minor

modifications described below.

100 ml of sttUne 1..9medium containing 1% maltose and" 10 mM MgS04.

was Inoculated with a fresh colony of E. -:t:.~ 'lfJ bacteria <Clont&ch}.

The cells Were grown at 37QC with vlgo!'1i)u! shaking until the or;!!~dl

density at 600 nm was .approxlmately 1.0. The cai{$ were then colltcted

by centrifugation, the supernatant was discardeoJ and the cell pellet was
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resuspended in 50 rot of 10 mM MgS04• The tells COl lid then be stored at

4°C for up to 2 weeks prior to use.

A series of 5..10 ten ...fold dilutions were made from 1pl Of the cDNA library

stocks. The dilutions were made In TMG buffer (10 mM Tris, pH 7.4, 10

mM MgSO", 0.001 % gefatin) and were added to starile tubes. 2oop' of

plating cell solution (section 2.5.1.2) was then added to the bacteriophage

dHutionsl and incubated at 37G.Cfor 15 minutes. 2.5 ml of melted top agar

(cooled to 500C) was then added to each of the tubes. Immediatelv

thereafter, the solution was poured over bottom agar on a ~O..mm culture

plate. The bottom agar plates had been warmed to 37°C prior to use in

order that the top agar would not solldify too rapldlv when pour&d. The top

agar was allowed to h()rden for 20 minutas at room temparature before the

plates were Inverted and incubated overnight at 37°C. The plaques were

counted before. "(hey had grown to ton fluency and tnt: titer in the odgir:al

stock samples of the libraries Gould thus be calculated. The units of the

titer measurements were plaque forming units (pfu's) per milllUtre of stock

bacteriophage solution. T~ titering procedure allowed accurate

determination of the amount of sample which would be required for library
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plating during scre6ning.
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GeneraUy, approxilTlately 5 x 104 pfu's were plated Ol,to a 150 mm LB agar

pf~.e. During a primary screen, the f"ti1} number of plaques analysed was

approximately 106 and the number ot 150 mm plates used was theretore

:10.

The plating procedure was as foliows: To begin with, 15 ml of plating cells

were placed in a sterile tube. and 1-,.5x10e plaque forming unit~\from the

titered stocks were added to the bacteria and mixed. Adsorption of the

phage to the bacterial ceils was allowed to proceed uy htcubation at 37°C

for 20 minutes. l~lereafter, SOOpl aliquots were pipetted into sterile 10ml

glass tubes. Six ml of melted sterile 1.8top agarose at 500C was added to

each tube and then immediately poured over an L8 agar ptate anc! swirled

for evan distribution. "he agarose was aIlow( j to harden at room

temperature for 20 minutes. Thereafter, the plates were inverted and

incuoatl.ld at 31°C for 10 to 16 hours ~ that is until plaqueswere evident,

but small enough not to produce confluent lysis over the entire plate.

E;epansion of the plaques Was stopped by cooling the plates to 4 (Ie where

they were stored for approximately 1 tu 2 hours before the making of lifts.

This cooling step also served to harden the top agarose.
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Thft method used was essentially that of Su!nton and Cavil t1971) with

some modificatior.s (Sambrook et af, 1979}. The circular nylon membranes

mre carefully .placed onto the p1atE:s. and plaque adsorption allowed ttJ

procede fo.' about 10 minutel. OurinQ. t.,ilS staget about ·~,JtXt.oles were

punched asymmetricaliy around the edgos of the filter. and their

corresponding positions on the plate were marked. The filters were

removed from tha plates taking care not to dislodge the layer of top

808rOlfJ. Thereafter f a second set of duplicate filter. was prOCftS8K' in the

same way-

ThEJfilter. were sequentially immersed in approximately 250 ml of th&

foltowlng three lSolut~on.:

a) O.2M NaOH, 1.5 M Nael

b) 2><SSCt 0.4 M Tria, pH 7.4

c} 2x sse
Thase $0Iutl01'1 \Wir.changed after procisaing approximatelv 20 fUte,.,

The filters were air dried and thei1 the DNA crossUnked by short wave

ultraviolet grradiation for 5 minutea.
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The hybridisstion of the filters was according to the protocols which have

tllready been outlined for Southern blot hybridisation with the modifications

dJlscribed in section 2.4.2.2.

After exposure for autoradiography, the filter positioning holes were marked

on the film. A tnmsilluminator was used in order to aUgn the

autoradiographs with the original plntes from which the plaque lifts were

made.

A sterile inverted 'yellow pipette tip' WS$ used to remove a. plug of top and

bottom agar corresp,ondll'lg to the area on the autoradiograph where there

was thought to be a positivelv hybridising plaque. The plug was then

transferred to 500pt of TMG buffer with a drop of chloroform. This

sus~nsion of bacteriophages was then ready fer titerlng and rescreening.
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Three methods were attefl'lpted for the ,prOOB$$of plaque bacteriophage

DNA purification. TheV were a quick plata lysis method and large scafe

liquid lysis methods with and without a CsCf gradient centrifugation

purification step. It was found that the quicker methods did not always

Yi~.'d the bacteriophage DNA in sufficient quantity or puriti to snow

convenient analysis of the insertl. The tiquid Ivsls procedure with CsCI

centrifugation did however produce large amounts of bacteriophage DNA

of good purity.

Agerose plates were prepared 85 for the screening procedure (sectIon

2.5.1.1.3) except that the plaques were plated at a higher density. This
:::{

was in order to improve the yield of the bacteriophage DNA. Atl0ther

modification was that agarose was used for the preparation of the plates.

Agar Is thought to contain inhibitors of relltrictioo endonuclease. which tlr~

generally oot removed during the (tx.traction procedure (Sambrook et aI,

1989h

8 ml cfTM buffer (50 mM Tris, pH 7.4, 10mM MgSO,,) par 150 mm plate

was added directly to the lurf~c& and gently agitated for 1..2 hours at room
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The bacteriophage diluent wes then transferred to a tube, and centrifuged

for 20 minute~~at 4°C at 2 OOOxgin order to remove the bacterial debris.

temperature.

The supernatant was t&mov&d then treated with RNsI. A. (1 pg/ml,

Boehringer Mannheim) and De'::a&e I {1pg/mi, Boehringer Mannheim) for 15

minutes at 37°C.

1.6 mt of 5 M NaCI and 1.8 g of lolid PEG6OQOW81 thel1 addfitd to this

solution $nd vort.xed in order to dissolve the PEG•.ThfireaftElr I the solution

was incubated on Ice for 15 minutes.

The precipitated bacteriophage particle$ werl r&C.over.d by centrifugatIon

~t 10 OOOxgfor 10 minutes at 4QC. They were teauJSpanded in 0.5 mlof

TI: buffer Ind then 5p110% SOS arid 10pt of 5 M NeCt were added. Th~

soiution was then ."tracted with equal volumes of SS'phenol and

chloroform, then an equal volume of chloroform.

The DNA was precipiUltea with an eOllalvolume of isopropanol, and l.t was

recovered by centrIfugation at 10 000 g for 20 minutes_ Afte: lir..drying of
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the pellet, it W!s resuspended in approximately 50 pi of 11: buffer and

stored at 4°C before u!ing.

c600hfl bacteria were cultured overnight st 31"C with vigorous shaking.

250 ml of LB contat'1ing 1mM MgSO.. was then innoculated with 1 mt of

the overnight clIlture, and incubated at 31°C with vigorous shaking untit

the optical density at 6QO nm reached approximately 0.5. Thlsr!bacttlrial
,I

11
'i

suspanelcn was then innoeufate<;l with bacteriophage particles

(approxImately 10' pfu) and Incubation \wtt continued until Iyai. oecuyed

(::.t: 12 hours).

!) rnl of chloroform was then added to each fla.1< and incubation at 37°C

was continued for a further 16 minutes, DNase land RNa.e A, each to 8

fillal concentration of 1 pg/mt were then added and the solution incubated

at 37°C for 30 minutes.

Sofld NaCI to 8 final concentration of 1M (15$1per 250 ro1)was addedf

dissolved, and the 80lutlon sliowed to stand on tce for 1 hour. The bacterial

debris was removed by centrifugati\)n at 10000 9 for 'to minutia.
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Solid PEGSOOOwas added to a concentration of 10%, and after dissolving,

the solution was allowed to stand on ioa for 1 hour.

The precipitated bacteriophage particles were recovftred by centrifugation

at 10 OOOxgfor 15 minutes at 4°C. The phage pellet was than

re1.4u$~~dedin 10 mt of TE buffer.
;-',/

extraction with 55-phenol and chloroform, precipitation with isopropanol

and raluspension were as described in the previous 39Ction.

,iJL213. Liguld Willi wllb cael antrlfugatjQD IDltJuH.i Qf btQUutulblf.ll

DNA W'ILlItl!iQu

c6OOhf/ bacteria were cultured overnight at s,oe with vlgoroua aMklng.

250 ml of La containing 1 mM MgSO" was then innooulated with 1 ml of

the overnight culture, and incubated It 37°C with shaking until the optical

density at 600 nm rlached approxlmataly 0.5. This bacterial suspension

was then Innoculated with bacteriophage particles (approximately 10' pfu)

and incubation was contimJ4Jduntil lysis oacured (usually overnight).
-c;

1 mt of chloroform was added to the b~Qteri81tell auapensiot1e.'td thtm
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shaken for 10 minutes at 31°C. The bacterial debris was removed bV

centrifut)ation at 2. OOOxg for 20 minutes.

The suparnatant was d«manted and 12 g of solid NeCt and 20 51of solid

PEG8000 wsre added. The solution was mixed to dilsolve tit. Nee, and

PEf3t then Incubated on ice. for 1 hou~ with intermittent shaking •
.,--.;'

T'he bacteriophsgtlt particles were precipitated by centrifugat;on at 4°C for

20 minutes f\t 10 oooxg, tMn resuspended In \5 mf of buffer C (Trl....Hel pH

7.5, 10 mM MgS041.

A discontinuous CsCI grarJkmt was 'otm$d bV layering 6.5 ml of 3 M Cscr

on top of 3.5 mt of 5 M CaCI in a 12 tnl polyallomer Beckman SW40Ti

rotor tube. Thtl Clef solutions wtue !'Moe UP in buffer O. Approximatelv 3

ml of the bactGtioph(tge suspension WII then layerad over the 3.PSM CsCI

solution in order to fm tlte tubes prior to centrifugation.

CentrifugatIon was at 24 500 rpm for 2 hours (SOOOOxg) with slow

acceleration awl d.ceh;~l·.atlon.The 'blct,dophage parth.iitl WIre vi.ibl.

thBreaft9r a$ a ~Jnt blue band at appro)(ima~ety th" position of the

int&:'ph8$$ b.~Wbw. the two lllyer. "'f the different CaCt sulutions. In order
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to retrieve the virus particles, the centrifuge tube was punctured with an

18G syringe needle immediately below the band and approximatelY 1 mt of

fluid was drained.

The solution was thereafter dielysed at 4QC for 24 houra against two

changes of 2Utro. of dtelysbt buffer (10 mM "!"ris~HCIpH 8.0,0.1 M NaC.,

10 mM MgC1J).

After dialysis,-. EDTA and50S were added to final concentrations of 20 mM

and 0.5% ro.~tiveIYf arid the IOlution heated to eaoc for 15 minutes.

Thareafttlrji Ih$ IOlutum was tr~ted with RNsI' A (1pg/ml finel

concentration) for 1hour at S7°C.

extraction with SS-phenol and chloroform, preolpitation with iaopropBnol

and reauspenalon were 211 de~ribed in eetlan 2.5.2.1.
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Varying amounts {approximately 5 to 20 pg} of the extracted bacteriophage

DNA were digested with the restriction endonucl-e8$f! EcoRI according to

the manufacturer's instructions (usually 4·UIPO of bacteriophage DNA). The

DNA was then subjected to ag.arosa gel Efectrophofasis with ethidium

brcmide staining, ulottJng and probing as pravlously described (sections

2.4.2.2l.

i.D.!! PCBWill APPSOACHIQ ret; ,SOLADON Of HQMOUU.iOUIX:

tlinte IEOueNCEB .fROM eDNA LnW\81ES

DNA Isolated from large scale preparations of ba,cteriophage particles of

putative positlvllJplaque. was used as templ:JtteDNA for amplification. Four

primers were UStd (~wo sense and two antisense) in four possible

combinations. Each of the ptlmtrs had restrlctkm enzyme ref':ognition

sequences at their 5t ends to faclUtate cloning tor sequencing after peR

amplification.
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The sequences of the prinkfrs were as follows:

ft.illJ§t 1 5' AGTC'l(lam~CCTTIGrrrACGTCCCGTCGGCGC 3'

f!rimru 2 5t AGTC~GAICCACGCCCATCAGATCCTGCCCAAGG 3'

Thft$$ two prima,s were $erusesequences at positions 1420 to 1443 and

1625 to 1648 of the hepatitis B v:!,!Js genome (primers 1 and 2

respectively). They each also contained a 5' terminal redundancy of 4

nucfeotides (5' AGTC 3~) as well as restriction digestion sites for the

enzyme B8mf-U.

f!rimtr a 5" AGTClfrrAst§CTACAGCCTCCTAATACAAAGACC 3'

EcilllJr!! 5' AGTCWAGl\GGTGCTGGTGCGCAGACCAATTTG 3'

Primers 3 and 4 were antisense sequences at pO$ltions 1788 to 1165 and

1816 to 1793 (If the HBV genome {primers 3 and 4 respectively). They

each contained the 5 t terminal redundancy 8$ wall as a ($striction digestion

site for the enzyme Xbsl.
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The res(;tlon mixture for peR was similar to that wh1ch h88 Blrf9sdy been

described (section 2.4.3.1}. The temperature cycles wer6 hOwever slightly
II

I)

adjusted In that th$ annealing temperature was cherged to 41()C. ThIs was

in nrder to facilitate the hybridisation of primel's which wern possibly not

entirety comptEll"l1fJntaryto tM template DNA. The DNA was prucessed by

eJ&ctrophoresiswith or without Southern blotting and then cloned into M13

for sequencing.
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The procedures used were stight modificetio;,s of standar.o rl1$thode (Davis

et 111, 1980; Samhrook. at sl, 19891 and are detcrjbed below.

M13mp18 and M13mp19 (Vanisch ..Perro 16. sl, 1985) {purchased from

Boehringer Mannneim} were the two filamentous bacteriophage vectors

used. Cleavage of the bacteriophage CNA ""as with the two rastriction

endonuclease, ~imHl and Xb,1 according to the recommendationa of the

manufacturer (30ehringer Mannheim} for the usa of thtse two restriction

endonucteast:J1 in combination {see section 2.4.3.21. The cleaved DNA was

then purified using the glas.milk.. adsorption technique (Vogelstein and

Gillespie, 1919) described in Section 2.2 .•5.3. The amplified DNA was 81'0

cleaved with the same two restriction andonucleases and purified wIth

glassmUk4'.

The products of the·dlgestiofls were checked by electrophoresis on 0.8%
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agarose gals.

The ligation reactions were set up bV adt1ingthe following ,olutions to 11

ste~~,'~'tu!le:

10 x ligatio~ buffer (0.5 M TtiS~HCI,pH 7.4, (l.t M MgClal 1 pi

0.2 M DTT, 10 mM ATP and 50 pQ/mt aSA)

1 pi

1 pi

1 pi

6 pI

!l: 0.1 pg cloaved M13 DNA

:tf 0.1 pg cleaved amplified DNA

14 DNA ligase (2 Weils units. Boehringer)

Water

ThIs mixture was then incubated overnight at 15 flC.

A single colony ~f JM109 E coli was removed from a M9 minimal medium

plata and inoculated into 5 rot of La medium then lncubat,d overnight at

37f1C with vigtuoul shaking. 0.4 mt of this overnight culture was then
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used to inoculate 40 11\1of La medium and incubat&d at 31°C for

approximately 2 hours until the optical density at 600 om wal 0.2.

The ceUs were pena~edby centrifugation (2 oooxg for 15 minutes at 4QC)

and th! 1resuspended in 20 mt of ice cold 50 mmol cae,:_ Theae cell. were

than allowed to stand on ice for 8Ppr(')':!rMt~lv 30 minutFiS. The ceUs wafS

then again r'~covered by centrifugation and resuspended in 4 ml of 50 mmoi

CaCI2• ihese ceUs ware then stored for up to 2 days prior to use.

The ligated DNA was mixed with 50 mmoUI Tria-Helt pH1.2 to brIng the

volurrte up tc 5OpI. The DNA was then mixed with 300p1 of competent E.

coli ceUs and incubated on ice for 40 minutes. The cetls Mire then

oubjected to a heat shock by incubation at 42°C for 3 minutes, and then

the Cetna were returned to ice. 200pJ of exponentially growing E. coli wtne
then added.

To r mt Qf melted top agar cooltd to 50°C, the following 'Yere added fOf

each of the '(um8fection experiments:

40pJ .terile filtered JPTG solution nco mmol/I), and
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c:

40pl X-gal solution (2% (wIV) in dirt'16thylformamide) (both purchssed from

Boehringe. Mannheim).

T~a top agar mix was then added to the transfected cells and then

immediately poured onto 90 mm agar plates. Tha top agar was ·eUow&dto

harden at room temperatura for .pproxtmately 15 minutes, then the plates

were inverted and inoubated overnight at 37°C.

The insert bearing clonas were easily detected after the overnight culture

by their colourless appearanoe. Those M13 clones which had not resulted

in recombination with the insert gave rise to blue coloured plaquel'.

A 1: 100 dilution of an overnight I:utturllt of ,1M109 E. COli Wl\S made with

L.B me'.ilum. This was then distributed into 10 mt aUquots. Individual

v\llourlass plaques were picked and u8~d to inoculate the diluted E. coli.

The culture was then incubated 8t 37°C for approximately 6 hours with

vigorous shaking.

1.5 ml of the SUIPftnsion was then transferred to a microfugt tube Ind
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centrifuged for 5 minutes at 10 OOOxg.The bacterial pellet was I&c)ver&d

and subjected to standard plasmid pre~r8tion as was described in section

2.2.5.2. The supernatant was reser-Jed for M13 single stranded {sst DNA

isolation.

T~1eistUEttedDNA wts then digelttii with various restriction 8n%ymes and

sul:Jected to agarose gel elootrophoresis with or without Southam blot

analysis 8S was dascrjboo_~raviou$ty in sectlon 2.2.2-2.2.5.

The supernatant of the recombinant M13 culture (desr.rlbad in section

2. 6.1.4) was r&centrifuged at '0 OOOxgfor 5 minutes, and the supernatant

carefully removed taking care not to dIsturb any ceUs which had

sedimented. 1/5 volume of 8 solution of 2.5 M NaCf and 20% (w/v)

PEG6000 wa~ adderJ and the mixture then incubated on iCefor 15 minutes.

1he solution was centrifuged for 10 minutes at 10 OOOxg, and th~ M13

pellet was resuspended In 100pl of T5 buffer« This was then subjected to

SS"phenollchtoroform ext"sction and isopropanol precipitation a8 Was

previously descri~ (sactlon 2.2.5.2). After suspension ofthG M13 ssDNA

pellett it was further purified using glas.milk- adsorption (Vogelsteln anc;t



!~\
i\

Gillespie, 19.79) 8S has been previously descrJbEKi(Section 2.2.S.3t. 11114

additiona! $tap of ssONA purification was found to improve the quality of

the sequencing raa~tion8.

The chaln termination methOd 8Sdevlseo by Sanger et 81 (1977) with 8 few

modifications was used for sequencing. Unless otherwise indicated, aU of

the reaction component. were purchased from Boehringer Man~'qeJm. For

the sequencing reactions, the fourdJfferent nucletitlde solutions weft) made

up with tn. foHowing component concentrations:
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Nucfeotide A mIxture C Plixture

solutions

G mixture

pmoJlI pmoJlI

~!

I·T mixture

pmolll pmolll

100dGTP 5

100~--------~---------+---------~---------+--------~100dTTP 100

100 100

100 100~--------+---------~--------~~--------~--------~ddGTP 120

dCTP '100 10

ddATP~-----~--~--------~----------+---------~--------~100

ddTIP 500

ddCTP 100

These solutions ware made up in polymerase reaction buffer comprising 7

roM Tris ..HCI. pH 7.4t 50 mM NaCI and 7 roM MgC12• No dATP was added

to these nucleotide solutions as suffloient of the radioactive form was

added later on in the experiment.

The standard sequencing assay wes Itarted by annealing the sequencing

primer to the saM13 DNA. The foliowing were added to a tube:
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I"""

:tO.S.ug recombinant single strandetl ¢ 3 DNA 5 pi

I------------~'""',..--------1------1

1 pI~----------------------------------------~--------~We '"

Approximatelv 0.8 proof M13 sequ ;~'>;~tr1~ prirl"lfir 2 p'
10x Reaotion Buffar 1.5 pi

AI ..ar mixing, the solution was heated to 55°C for 10 minutes and then

allowed to 0001 slowly to room temperature. The chain elongation step was

commenced by adding the following components to the mixture once it had

cooled to room temperature:

2 pt

1 pI
.'

~

1unit Klenow Enzyme

After mbdngt the solution was dispansed in 2.5pl aUquotslnto four labelled

microfuge tubes (G,A, T and O). The reactions were atarted by thfl addition

of .2 pi of thd appropriate dNTP/ddNTP mixtures to the tubes. The mixtures

vv&ro then Incunatl!Ki at room temper~ture for 20 minutes. Thereafter I the

reactions were ',hased' bv the addition at 2 pi of deoxvnucleotide solution
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ta mixture of dATP, dGTP, dCTr- and dTTP each at a concentration of

125pM at 8 pH of 7.51 and further incubated &t room temp&l'ature for 15

",inutes.

Tha reactiona were terminated by the addition of 4 pi formarnlde buffar

(95% deionisad formamidEh lx TaE buffer, 0.01% bromophenol blue and

0.01 % xylene cyeno!). Thereafter, the DNA was denatured by heating in

a boiling weter bath for approximately 3 minutes then quick coo1&d on ice.

2plaliquots were loaded onto a 5% polyacrylamide aM urea denaturing gel

t'.:)aviset st; 1.986).

ihe electrophoresis systet;n used was a home made one, and basically

conformed to the specifications sugqasted by D9Vis st III (1986). The

proportions of the 'lei were approxImately 20cm x 40cm x O.4mm. Both of

the glass plates were siliconised in order to facilitate sepaF.ation after the

running of the get.

The sam~)ea were run On a preheated get (:t:65°C). for approximately 2

hours at a constant power of 50 Watts. By thIs tim6t tha brom:)phenol blue

dye front had reached the end of tre get. A s&cond sat of 2pl aUquots from
\
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tl1a original raactton mixtures w~s then loaded and allowed to run for a

further 2 hOUfS at the constant power c)f 50 Watts. In some cases, it third

set of aliquots was loaded onto the gel. 6y making three separate loadings,

it was possible to restllve a greater number of nucleotide. on the

sequencing get.

Aftar alectrophoresis, the gel was soaked In 10% acetic acid Tnr 10

minutes in order to fix the ONA and remove the urea, After transf6rring to

Whatman 3M filter paper I the gel was dried under vacuum for

aplnoximately 1 hour tit SO"C.

\\
\\

Th$..drfed gel was then exposed oV'3rnight for autoradiography, and the
\\

seqti~nce could thereafter be determined from the X-ray film. Typically, the

sequ~J1ceof approximately 200 nucleotide, could be determined from one
Ii

\
reactld,n.

\\

Using i)()th the M13mp18 and M13mp19 vectors enabled sequencing of

the inserts in two orientations.

Analysis of the sequencing data was by using the DNA Star™ COMPARE

program (registered to Mr J. Burke, Haematology Department, University
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of the Viitwatersrand). The width of the residues of the unit of comparison

{window size} was 30. The setting for the number of adjacent residues of

the window that Ihould match was 30% to 50% using aU register shifts.

The <1inimumquality - the minimum number of consecutive qualifying

windows for homology to be recorded .. was one. tn all cases, the reverse

compf.ement of the sequences were also comparee"
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2.7 ASYMMetRIC BE..AMaJEIQADQfj 'to CONFIRM feR PRODUCTS

The oligonucleotides used in the initial PCR amplification were 24 base

sense (primer 1) ami antisense (primer 2) strands towards the 5; and 3'

ends of the hepatitis a virus X..gene. The locations 'v these primers and

their orIent'ltion with respect to the HBV genome are indicated in Section

2.4.2.1.2. The oligonucleotide primers. were used at a concentration of

O.25pM. 1.0 ng of the SP64 clone of the X-gene was u$ed as template

DNA. The peR buffer contained 50 roM Kef; '10 roM Tris·HCt (pHS. B) and

1.5 mM MgCI!>,. Each reaction mixture had a volume of 50pl and in some

, ases contained 2.5pCIof32P ..dCTP (±: 3000 Ci/mmol). peR was performed

using Taq polymerase (Promega} for 30 cycles - each cycte baing 94°C for

1 minU(Eh 55°C for 1 minute and 72°C for 2 minute!. There was a final

extension step of 10 minutes at 72°C. After completlofh a 1pl or 5pl

aliq~Jot was removed, and this was used as template source for re..

amplification. The PCRcomponents for the re"amplification ware similar to

those of the :nltlel reaction, except that only a single sense 24 base internal

primer 3 (HBV nucleotidel 1625 to 16481 5'

ACGCCCATCAGATCCTGCCCAAGG 3') was added to a final concentration

of O.25pM. Individual reaction mixtures were then .ubjected to 1, 2, 5, 10

or 15 PCR cyr.;les followed by a 5 minute extension step at 12°C.
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Control re-amplification experiments corltalned:

a} 0.25pM of primer 4 (5' GGTGCTGGTGCGCAaACCAATTTG 313

which was external to the ioiQially amplified x.·gene but present it')

the 51-'64 clone {antisense nucteotldes 1816 to 1793};

oJ approx. 250ng of non-specificaU/amplified DNA as template; or

c} no initially amp!!fied DNA bu~appropriately diluted primer 2 (0.005

pM) and the SP64 X-gene clone template DNA (1ng).

A set of five 15 base internal sense primers extending from HaV

nucleotldes 1624 to 1648 ware used in order to assess the effact (if a

mismatch on the re-amplification step. The nUCleotide secuences of these

primers were 5' AGATCCTGCCCAAGG 3' (primer 3A, normal sequence),

5' AGATCCTCCCCAAGG 3'~ 5' ACl~ATCCTACCCAAGG 3'; 5'

AGATCCTICCCAAGG 3' (pt,mers aa to 3D respectively. single

mlsmatches at the 8th base) 8t1d 5' AGATCCTGCCCAAG_k 3' {primer SEt
\ \

3' end transversion).

Aliquots of the products of peR were subjected to 6% polyacrylamide, as

well as native and alkaline denaturing 1.5% agarose gel eleetrophcresla
.. . .. i

\, .

(Sambrook at ai, 1989). Staining was With ethidium bromide followed by

autoradiography of the dried gels for 15 to 120 minutes IT required.
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ax QNCQGeNe E~PReSSIQN IN. HsPAIOCJ;lLVLAB CABCINQMA

3.1 INEflO\.!CIION

The mechanism bywhich malignancy is induced in hepatocellular carcinoma

(HCC) is not well defined. Hepatocarcinogenesis is a multistep process

influencing a number Of cellular functions and involving the effects of one

or a number of different carcinogens. HBV and aflatoxin appear to be the

most important liver cancer inducing agents.

Theories concerning the mechanism of malignant induction in HCC can be

divided into two catl~ories (modified from Daugherty, 1991):

1. SpecUlc viral or chemical effects. These include the activation of

oncogenes; inactivation of host tumour suppressor genes, as may

result J"romthe effect of aflatoxin on p53. (Brassae et alt 1991; Hsu

et BI, 1991); expression of viral oncogenes or viral transcriptional

trans activatinti factors, ag. the HaV X prot~in (Twu and Schloemer,

1987; Wallersheim et el; 1988; Aufiero and Schneider 1990). Also

included in this group of effects is the mutation of host cellular

genes by the process of insertional mutagenesis during integration

of hapadnavlrus DNA into the host genome. The documented Sites

of viral DNA integration ill human HCe tnclude an ar :;aadjacent the

cyolin A gene (Wang,et ell 199.0},and a sequence with homology to

e..erbA and steroid recaptor g:anes (Dejean e1 et, 1386). In

wocdchuek liver tumours, integration of tho hepatitis virus in the c..
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mvc, N·myc~1 and N-myc~2genes has been shown to occur in up to

50% of malignancies (Moroy et a/I 1986; Hsu et et, 1988.; Fourel et

al,. 1990).

2. Non-specific mechanisms whereby a state of chronic liver
i_:'

inflammation with rapid cell division is inducedt and which in turn

leads to the development of a number of mutations and then the

transformed phenotype.

Although there have been reports of transforming sequences isolated from

HCC (Ot:hiya et st, 1986; Carloni et .alt 1988), these liver cancer oncogenes

have not been demonstrated reprod{!cibly.

Increased expression of the celJula.roncogenes c mvc, c-toe and c-Ha-fas

is thought to be important fur the processes of cell division during rat liver

regeneration following partial hepatectomy (Fausto and Shank, 1983;

Goyette at al, 1983; Makino et ai, 1985; Bravo at af, 1986; Fausto and

Shank, 1987; Dean at aI, 1987). During the early stages of the G1 phase,

elevated c-mvc and c..tos expression may confer competence un quiescent

liver cells, enabling them to move from GO/G1 to S phase of the celf cycle

in the presence of fl..IrthGrprogressionfactors (Reedat ai, 1986; McNurney

et et, 1987: Owen at ai, 1987). Increased c-Ha-ras exprassiof'l in

hepatocvtas occurs at a later stsQo after hepatectomy. c..Ha..res mRNA

concentratton ts increased two- to threefold during the DNA repUcation

period (S"phase) of fegenerat!ng rat liver {Fausto and Shank, 19S7}. In

normal liver tissue, omy a small percentage of the cells is dividing (Fausto
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and Shank, 1983; Fausto and Shank, 1987), however this fraction may be

increased in maligant or inflamed liver cells, and in regenerating nodules of

cirrhotic livers. Thus, in these pathological conditions, with an increased

number of cells actively dividing, expression of e-mvc, e-tas and c..Ha-zes

In hepatccvtes is likely to be elevated.

Results from investigations of oncogene sxp. -sslon in hepatocellular

carcinomas have been conflicting. In studies on three tumour tissue

specimens (Zhang et et, 19B7) and a hepatoma celt line {PCL/PRF/S}

(Mateo et 8/, 198B), expression of e-tas, c-mvc and c-Ha-zss was found to

be increased. Similarly, it has been shown in Morris rat hepatomas that c..

Ha-zes and c-myc expression is elevated (Cote and Chiu, 1987). Su at 81

(19S6) were, however, unable to show any differences in c·myc mRNA

concentrations when comparing normal hepatic and tumour tissue from

\\

In an immunohistochemical protein study on Ras p21 and ,Jlye p62 in

human hepatocellular carclnoma and non neoplastic Uve. tissues, most HCC

specimens showed enhanced Ras p21 and Myc p62 expression when

compared to the normal (Tiniakos at et, 1989}. In this study by'Tiniakos at

at (1989) the antibody against Ras p21 reccgnised Harvev-, Kirsten- and N..

r,1S p21.

Altered expression of c..mvc and the a-ras family q,f protecnceqenea has

been demonstrated in a number of animal models of chemical
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hepatccarclnogenesls (Yaswen et ai, 1985; Seer et all' 1986; Fausto and

Sharlk, 1987;Sraun etal, 1989}. Most of this evidence shows the elevated

\i

expression of the c-mvc oncogene to be a consistent feature during the

development of liver cancer in rats, but increased mRN4 concentrations of

the e-ras genes are not always present. Activation of these oncogenes has

also b13en reported to occur specifically in 'ava!' ceIJ3 during

hepatocarcinogenesla {Braun et el, 1989}. The origin of the> ~.,ell~;n the

liver is uncertain, but tl1e evidence suggests that they may be Sl~, cells

with the potential to differentiate into normal as welf as ni)oplastic

hepatocvtes (Tsao and Grisham, i~81}:ltII .

tn this study I hIa further attempt to elncldate the rote of oncogenes in liver

cancer, the expression of c-fos, c~myc c-Ha-ras and c*erbA in human

hepatocellular carcinoma specimens of Southern African origin was

investis,:jated. Evidence of transcriptional activation, or rearrangement of

these oncogenes was sought. Changes in the mRNA and protein

concentrations in liver tumour specimens was mEl.~suredusing standard blot
\\ ,<

rrobing techniques. Evidence fo!' the presence of oncoqsne rearrangements

(possibly caused by HBV DNA integration) was analysed using Southern

blot hybridisstion.
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~.1 MfITHOPQlOGICAl CONSIDERATIONS

RNA prepared accor-cling to the rapid acid guanidinium~phenol-chloroTorm

(AGPC) method of Chomczynski and Sacohi (1987) was of good quality.

This method compared favourably in terms of simplicity of performance

with some other methods of RNA extraction - for example, that of Chirgwin
'\\

et a/ d~79}, The purity of the RNA extracted was also good as was

reflected by the consistently high A2001A280 ratios of ~ 1.8. Figure 3.1

(antk~l~pFiguras 3.12 and 3.13) shows that 18S and 28S ribosomal RNA

are rJresent in most abundant quantities.

In the case of extraction of RNA from liver tumour tissue which had been

obtained from patients at post mortem the extracted RNA was often
\:

degraded. Degradation by RNases is thought to be inevitable if the tissue

source for the RNA extraction is more than a few hours old. The RNA

obtalned from fresh surgical specimens was usually intact. RNA which had

the appearance of a smear t and in which the 18S and 285 ribosomal RNA
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were not at all discernible after electrophoresis, was discarded. This was

the case in approximately one of every three tumours studied.

In obtaining cost-mortem tissue, there were obviously very impo:tti11t

practical considerations. It is not always easy to procure the liv(~r tissue
,

'\"Immediately after death, and yet the samples were valuable for the use in
, . ''1

these experiments. As a result of some degradation; the RNA which was

extracted from post mortem tissue was often only suitable for slot blot

analysis. In these cases the signal
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['t¥urf't\~ Ethfdium brorrtide stained formaldehyde 1.5% agarose gal of,.
RNA e~'fatted according' to the method of Chomczynskl and StJ(:ch~
(1987)~\t~esolutlonof the molecularweight markElrs is depicted in Jane 1,
and RNA: Isolated from 7 Uver specimens is shown in lanes 2. to S.

\j
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detectable on hybridisation of slot blots could be more easily interpreted

than a.smear 'from the Northern blot. These data rleeded to be interpreted

with caution in that the hybridisation signal was lower than the true. value.

However, in most of the experiments it was found that the oncogene

expresaten fn the tumour tissue was considerably higher than that of the

normal tissue. This normal tlssus was fresh having bean obtained at

surgery from organ donors, and the RNA intact.

Transforme¢, H13101 E.cofl Were cultured as was described in Section

2.2.5.2 Of Materials and Methods. For large soale preparation of plasmid

DNA, the volume of culture used was approximately 250 ml .. 8 volume

which generally yielded adequate quantities of plasmid DNA after overnight

gro'Mh.

The rapid plasmid preparation method of elrnboim and Daly (1919) aHowed

easy preparation of ON,A. With the modifications described in Materials and
/)

Methods Section 2.2.5.2, the purity was adequate for most purposes. It

was found that it was not necessary to perform more elaborate and time
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consuming purification steps such as CsCJgradient centrifuqatlon,

The Inclusion of a RNase digestion step resulted in the removal of most of

the RNA contaminating the preparation {Figure 3.2). Generally I itwas found

that DNnse activity of the commercial RNase enzyme was effectively

rernovnd by IncubatIon in a boiling water bath for 5 minutes (Section

2.1.1.6), The yield of DNA was not affected by the inclusion of this step.

An example of the densitometric scm of the plasmid DNA preparation ts

also given in Figure 3,2. RNase digestion also allowed more accurate

measurement of the DNA concentration by spectrophotometry.

The plasmId preparation method produced DNA of ~ufficrent purity to allow

effioient digestion with restriotio, .ndonucteeses. The multiple bands of the

undigested plasmid DNA which represent the clroular DNA in various

conformations of $upercolling is discernible in FIgure 3.2 and lane 2 of

Figure 3.3. With ~his meth~d of plasmid DNA preparation, it was difficult

'to eliminate all of the bacterial chromosomal DNA. Apart from producing

spuriously high spectrophotometric abserbancee at 260nm, this revurring

problem did not have significant consequences.
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EigU[•. ~~ Ethldlum bromide stained 0.8% agarose get and
spectrophotometric scan of plasmid DNA.. A. Tha plasmid prepars'tions
were separated by electrophoresis before {lana 1} and after (lane 2)
treatment with RNaseA. The molecular weight marker Is HlndlU digested
phage A. B. The spectrophotometric scan of this plasmid DNA is gi\fA 1 in
this panel.
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12345618

231

4361-

Eigurg .3.3 t';-erbA plasmid DNA separated by electrophoresis on an
ethidium bromide stained 0.8% agarose gel. Lane 1 represents the
molecular weight marker DNA (HlndiU digested phage il) and undigested
plasmid DNA is depicted in lane 2. Lanes 3 to 8 represent DNA which was
prepared as for lane 2, and then sublected to restriction enzyme digestion
with 8amHI (lane3), 8amHI and 6coRI (lane 4)( teaRt alone (lane5). EeaRI
and Hlndlll (lane 61, l1intllU alona (lane 7); Hlndlll and BamHt (lane 8).
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Restriction enzyme mapping of one plasmid DNA preparation is depicted in

Figure 3.3. The plasmid mapped in this case was that which contains the

c-erbA insert (Janssen at a/: 1983). The onoogene fragment had peen

ligated into the EcoRt site .c,f pBR323. The restriction endonuclease map of

this recombinant plasmid il~represented in Figure 3.4.

Examplesof purified inserts i'f'omthe racornblnant pltlsmids are depicted in
I
L~ ,

Figures 3.5 and 3.6. tnitianYf.,~he plasmid DNA was digested on ~ ]srge
.,

scale and subjected to ele¢trophoresi(' (Figure 3.5). The insert DNA was

isolated by removing the rel~yant band from the agarose gels and

subjecting this to the gla!'.~q)o'(\·d~radsorption (Section 2.2.5.3) followed

by re..aleotrophoresis (Figure a.6), Electrophoresis of these p...rified ins~t:ts

also oonflrmed that their sizeswere correct.

This probe DNA was of adequate purity for labelling. The calculated percent
':-'~~

incorporation of radioactivity (32p..dCTPl was generally in the region of SO-

40% .. art acceptable figure when using the multipr!me labelling method.

The mUitipr!me procedure was preferred to the nick translation protocol as

it was more effic!f·:~t. The incorporation of 32p-dCTP was higher and the

amount (If
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Hindlll 2850 bp

780 bp

Eco~l,

EcoRI
Hindm
: 350 bp

BamHI

ne-A1 c-erbA
pBR322 clone

Amp R Tet R

3900 bp

Bguti 314 Schematic repreeentation of the restriction enzyme map of the
c..erbA pBR322 {he..A1) ,recombinant plasmid. The data in Figure 3.3
confirmed this map.
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23130
9416 _
6551_
4361 .......

Eigur, 3,ii Etridlum bromi(~estained/lagaro.a gel used for large scale
prepllrlltion of probe ONA. The mc!<.icu!arW1lIlghtmarkers have been
separated in lana 1. The recomblnent e..tOt; and actin plasmids wftre
digested with EcoRI and SsmHI respectivelv. Th$ resolution of the plasmid
and inSert DNA produced by this digestion is depicted in feme 2 (c"fqs) and
lane 3 (actin).
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23 130-
9416-
6557-
4361-

2322"""
2 027'"

BilYE' ate Ethidlum DTO~flld&stained agaTos. gal of insert DNA t uriffad
after restriotion enzyme di"estlon andeleotrophoresis followed by glalsmilk
adsorption purification. Lanes 1 find 5 t'apresant the 1ll0ltlCutaT weight
markers (Hindtll digestion of phage Al, lane a the purified c..mvc inlert, lane
3 the purified c..fos Insert end lane 4 the c..jun insert.
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pr~be DNA required for labelling was considerablv less.

3,2.2 star ANALYSIS. OF:RNA, QHA ANt.?PBQIElN JiOLADQ FBDM

LIYEB nS&UE SPECIMENS

Figurt!s 3.7 to 3.10 show typical examples of stat blot analysis of ~Jmilar
"

amounts of RNA isolated from tumour and ~djacent tissue from patients

with HCC. The blots were probed with the oncogene probes c-awo, c.-fos,

c..erbA. and c..Ha~r'$.\'Vith the exception of c·Ha"r8s, comparison shows

more mRNA transcnbad from th,se oncogenes in the tumour than in the

tumour adjacent tissue. Also, there was more c-mvc, c-fos and c"(!JrbA

mRNA detectable in the tumour adjacent tissue than in the tissue from the

two patients without evidence of liyar disease (Figure 3.11).

Controls using 'least transfer RNA (~,eeSection 2.2.2.21 showed that under

the conditions used. non-speCIfic hybriaiseticm was minimal (Figures 3.7 to

3.10).
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fIgutJ 3,1. Slot hlo" hybddisation of increasing amount. ~~ RNA (0.5I1g,
1pg, 2.q~g end SpO) isolated from tumour (T) and adjacent non"mallgnant
(N) liven! tissus from 2. patient' with HeC. No slgnal was datected on the
slots where 40P9 of yeast tRNA Wh applied {middle of the Figure}. The
prob, used here for the hybrldisatlon watl c~myc.
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Eigurl 3,1 Slot blot hybridisatlon of RNA isolated from tumour (T) and
adjacent (N) iiver tisSUQ.· The probe used here for the hybridisation was c-
fos.
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BQP", 3.& Slot blot hybridisation of RNA isolated from tumour tT) and
adjacent {N) liver tissue. Th& probe usedhere for the hybridisation was ¢..
erbA.



e...Ha-'.I
II T

-- ...

Efgurt aJ.D Slot blot hybrldisation of RNA isolated from tumour (1) and
adjacent (N) liver tissue. The probe used here for the hybridisatlon was c-
Ha..ras. <
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c-rnyc
N' N

c-erbA
N' N

c-fos
N' N

~ Slot blot hybridisation of RNA isolated from normal liver tissue
of donor patients who did not have evidencE) of liver disease (N') and
tumour eGjsesnt non ..maUgnant livEr tissue (N) of one of the patients with
Bee (patient number 1 of Figures 3.12 to 3.14). The blots were hybridlsed
to iabelled a..mve, c..erbA and c..fos probes as i$ indicated in the diagram.
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The data represented in these slot blots was corroborated by the Northern

blot data obtained from an ana~ysis of intact RNA. Thb; is shown in Figures

3.12 and 3.13. The tissue which was used for these experiments was

obtained at surgery, and therefore the queJity of the RNA was good ~hence

the ability to produce clearer Norther~/~I(Jt hybrldisatian data.

"ry,le autoradiogl"aphs were processed by densitometric scanning as

described in Section 2.2.4 and the results are expressed in Figures 3.14 to

3.17.118r9, It can be clearly seen that the oncogenes e-mvo, c-tos anij e-

etbA a~'~GXpress6ct at a relatively high revel In tumour tissue when

compared to tumour adjacent as well as tissue from patients without liver

disease.

Another interesting finding was that the tumour with histological features·

of poor differentiation and which had the highest a-fetoproteln

concentratten also was found to have the highest level of c..fos and c-myc

mRNA (patient 2 of Table 3.1 and Figures 3.15 and S.lS). Conversely, the
t .

tumour wfth w.ell diferentlated histoloGical featurss and the lo~est (1..

fetoprotaln concentration also had the lowest c..tos and c-myc mRNA In the

tumours (patient 1 of Table 3.1 and Figures 3.15 and S.la).
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Patient Degree of Tumour e-fetoproteln

Number Oifr~rantiation concentration (ng/m!)

1* Wen differentiated 46

630342 Poorly differentiated

6223 Well differentiated

4 Well differentiated 11604

5 (\ Moderately differentiated 1 305

6 W91i differ~ntiated 122

\\

IIbiSl3tl LSerum a-fetoprotein concentrations and histological assessment

of the degree of differentiation of tumours from six patients ..... this patient

did not have' serological evidence of HBV infection.
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2.0kb

9.5kb
7.5kb
4.4kb
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1.4kb

288

18S

fiSlut!Jl3.12 Northern blot analysis of RNA extracted frorrh;7t~\dlepatocenu~ar
carcinoma specimens (1..6) and normal liver tissue {N) from a patient
wIthout evidence of liver dlsease. The upper panel shows a comparison of
the signal obtained after hybridtsing with a radioactive c·erbA probe. The
lower panel shows electrophoretic separation (formaldehyde 1 ,5% agarose
gel stained with ethidium bromide) of total cellular aNA and molecular
weight RNA prior to blotting.
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18$

28$

b

Figure 3.13 Northern blot analysis of RNA extracted from six hepatocellular
carcinoma specimens (1..6) and normal tissue IN} from a patient without
evidence of liver disease. Resolution of total callular RNA after agarose gel
electrophoresis is depicted in panel a. Samples wore processed by
hybrldisation to a radlolaball&d c-Ha..rss probe (panel b).
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c- erbA mRNA concentrations
in hepatocellular carcinoma
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Eiwrt 3,14 A comparison of c..erbA mRNA concentrations in normal (N), tumour and adjacent liver tissue of six
patients (1-6). Extracted RNA was processed by Northern andlor Stct blotting With hybridisatiofi to the
radiolabtUed r;·erbA oooo{l'3oo probe and the intensity of the slots assessed densitometrieslly. The ratio of the
c ..erbA.lactin hybridisation signal in the normal tissue (N) was U$.ed as a standard (100%) for the comparison of
mRNA expreQion in tumour and adjacent liver tissue.
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c-myc mRNA ooncentrations in
hepatocellular carcinoma
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fkl$r9 3.15 A comparia,on of c-myc mANA concentrations m normal (Ni, tumour snd tumour &djsc,'nt liver tissue
from the same six pa'ieots !1-6) of .figure 3.14. Data were anaiysed 8$ dsscribe4 in the legend to figure 3.14.

.:
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c- fos mRNA concentrations in
hep.atocellular carcinoma
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FttM'I a.l£! A comparison of c-fos mRNA concentratiOns in normal (N), tumour and tUrTh"..tradjacent liver tissue
from the same six: patients (1-6) of Figure 3.14 ..Data were analysed aa described in the lagend to Figure 3.14.
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fiwte at11 A compariso.n "f c-Ha-rss maNA concentrations in normal (N), tumour and tumour adjacent liver
tistue tram the same six patients. (1-6) of Figure 3.14. Data were analysed as described in the legend to Figure
3.14.
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Sin' '•• repressntatlen of the data obtained when the RNA was ps:pbedwith

the c-Ha-ras probe is given in Figure 3.17. In this case, the intensity of the
'<;.

hvbrldtsation signal was similar regardless of the ma!ignant or benign nature

of the tissue whioh was used as the source for RNA extraction.

Typical examples (1f Southern blot data from HindfH DNA which was probed

with tne c~myc, c·erbA and oncogene probes are depicted in Figures 3.18

and 3.19. The essential feature was that the restriction fragments detected

were of similar size and amount regardless of their tumour or adjacent

normal tissue source. This suggests that there was no rearrangement of

these oncogenes which may have resulted from HBV integration. Although

an internal hybridisation standard was not used, it appeared that there was

no amplification of these oncogenes in the tumours. A consistent feature

of liver tumours which arise in association with hepatitis B virus infection
\\

is the integration of the DNA of this virus into the genome of the host

(lmazekl et ai, 1987; Shafritz and Kew, 1981; Brechot et 81, 1980).

Westam blot analysis of proteins extracted from tumour tissues Is given in

Figure 3.20 and 3.21. Here, it is shown that in hepatocellular carcinoma

specimens, the amount 01 Myc and Fos proteins is elevated.
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Flgure.3,la Repre&entative $fJuthem \\blot of DNA $){traoted from
hep8tooellular carcinoma (1) and tumour adjaoent tissue (N). lOpg of DNA
we. dlgeated with Hlndlltr subJected to electrophoresis and Southern
transfer with hybridlaatlon t~ a radlolabelled c..erbA probe.
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flgur' a.lEt RopreS~rit8tive Southern blot of DNA extracted from
hepatocellular carcinoma tTl and normal tumour adiscont tt6SU{t (N). DNA
~rocas$edas descr!bed in the legend to figure 3.18 was probed with a
radiolebelled c..myc probe.
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fos

EigutJ a,2Q Typical Western blot date from normal, tumour 8dj~ceat (A)
and tumour (T) t)SSU!. The protein sample. extraoted from the wmous
tissues were probed with a FCIl~protein antibody. Detection or this bound
antibody was by using 125HabelledproteIn A and autoradiography.

I
I
1
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myc

flsUlll.a.Zl Typical Western blot data from normal, turr.\)ur ,t1dlacent (A)
and tutl'\t)ur tTl tissue. The protein samples extracted from the various
tissues were prohed with a Myc protein antibody. DEttection ·of this bound
antiboc.:y was by using t2l1..labelted protein A and autoradiography.
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flgum.J.,.22 Coomessit bftJ& .talned polyacrylamide get of Uvar protein
sample. (8et legend of Figure 3.20) separated after elentrophosesis. This
gel r~!lresant' a duplicat.e of those uled In figures 3.20 Ind 3.21 for
Wftstern blC!tanalysis.
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Figure 3.22 confirmed that the amount of protein from each of the tissue

specimens w.1ich was loaded onto the polyacrylamide gets was similar. This

Figura represents. a typical Coon'tassie blue stained polyacrylamide get of.
liver protein samples prior to electroblotting. The gel shown in Figure 3.22

is a dup!icate of those which ware analysed by Western blotting depicted

in Figures 3.20 and 3.21. Quantitation of thase Western blot data by

densitometric scanning of the autoradiorfsphs is given in Figures 3.23 and

3.24.

CompOSite graphical comparison of e-mvc and c.fos mRNA and nroteln

concentrations in some of the tumour specimens is represented in Figures

3.25 and 3.26. The ext~mt of the correlatIon between the amount of

messenger RNA and the oncoprotein content can be ,eEm here.
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rKJW:I 3.23 ComparISOnotc ..myc ~ncoprotein concentrations in liver ti$sue from normal donors, tumour adjacent
(Al and tumour specimens tTl of patients 7 to 13. Values are expressed relative to the normal (100%1. Tumour
adjacent tissue was not available from aUof the patients studied.
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fiwr, 3,24 Comparison of c-tos oncoprotein concentrations in fiver tisst.fa trom normal donors. tumour adjacent
(Ai and tumour specimens in from patients: 7 to 13. Values are expressoo relative to the normal {100%}. Tumour
adjacent tissue was not avaifable from aUof the patients studiad.
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fJwre ~ Comparison of c-mve mRNA and protein concentrations in liver tissue from normal donors, tumour
adjacent (AI and tumour {T} tissue from three patients {7 to 10 of figure 3.23). Values are expressed relative
to the !~lma~ (101%J and the numbering of the three patients is similar to that given in figur~s 3.23 and 3.24.
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c- fos mRNA and protein concentrations
in hepatocellular carcinoma
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figvre 3.2Q Comparison of c4()s mRNA and protein concentrations in liver tissue from normal donors, tumour
adjacent {AI and tumour (T) tissue from three patients (7 to 10 of Figure 3.24), Values are expressed relative
to the normal (100%) and the numbering of the three patients is similar to that given in Figures 3.23 and 3.24.
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The finding of elevated oncogene expression in moDt·of the hepatocellular

carcinoma specimens studied here supports the idea that their

overexpresslon may be lmportant in the development of 1.;lis tumour.

Despite the abundant evidencetor the ir.votvoment of HBV in the necptastlc

process, no clear mechanism has emerged to explain the process {see

Section 1.5}. Insertional mutagenesis by int.egratedHBV DNA has been a

popularly invokeo tha?ry {Br~chot at at, 1981; Shafritz and Kew, 1981;

Shafritz et aI, 1981; Koshy at aI, 1981) but the sites of HBV integration are

not censlstent, and HBV DNA does not always integrate at the same site

in the host's gen~ma. Although no gru$~ rearrangements of oncogenes

were found, HBV integrstiol~cannot bedefinite}'! excluded as amechanism

for enhancing oncogene expression. (In this study aJimited number of

restriction enconucleassawas usedfOfSouthern blot analysis.) In addition,

integrated DNA may have long rang~effects on oncogene transcription.

Elevationof both mRNA and protein from c-mvc and e-tas implies that the

activation is at the level of transcrlpttcn. c..myc and e-tas may be tmplloated

direotly in the process of malignant transformation or alternatively reflect

the mitotic status of the tumour calls. c-myc and e-tas have been

recognised as oncogenes which are activated during liver regeneration
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(Fausto and Shank, 1983; Fat:sto and Shark, 1987). Alsol in this $t, ~. I

the serum a~fetoprotein concentrations and c-ta« and ¢·myc expr.!!ssion

appearvd to Ct m~late ,,,Iith the histo(t;llJir.;alfeaturGSOTttmlOurdifferentistion
«

{Tabla 31 and Figures ,Q.13-14}, and the degree Or differentiation rooV

correlate with the rate of division of the tumour ~elts.

A further important point is the fact that the oncoprotein concentrations in

the tumour adjacent tissue, t:atermtned using the Western bl,ot analysiC!..

were elevated when ct'n''Iparedto the totally n"r1Ml tissua whiQh had been

obtained from organ donor patients who had 1'0 evidence of liver disease

(Figures 3.23 and 3.24). TJ'1iscorroborated the comparison between

oncogene mRNA concentrations from tumour, adjacent end normsl tissue

(Figure 3.11 and Figures 3.14 to 3.16). Elevatod oncogene expression in

tumour adjaoent non ..m~llgnant tissue may reflect a pre-neoplastic state {(It!

cirrhosis or hlpatitis) which is pert of a multistep hepatocarclnogenic

procsss (Yang tit et, 1991). Regenerating liver cells are a feature of

hepatitis and cirrhosis of the fiver. It is therefore not surprising that

Eilevated e..myc and c..fos expression was documented in many .)f, the

tumour adjaoent liver tissue \i~eclmens which usually demonstrate featuh~S

of hepatitis andlor cirrhosis.
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Enhanced expression of e-ero»; 10 hepatocellu!ar carcinoma may render the

cens more sensitive to carcinogenic influences of hormones. c-erbA has

been shown to have homology to the thyroid hormone receptor (Sap et at,

1986; Weinberg at et, 1986) and possibie hlJrmonal invotvement in

hepatocarcinogenesis is weH J~ocumonted (Christopherson et all 1975;

Porter et st, ,l987)..

The finding of similar tumour and normal c"Ha-ras mRNA concentrations

suggests· that this oncogene may not be involved in the carcinogenic

process of tho HCC speclmens .>tudied here. Smalrmutations of this gene

{such as a point mutation} which do not affect the rate of expression can

hewever not be excluded.

An exp"mation for the observed increased oncogene expression is that

intograted HBV DNA may be producing a transcriptional activator. Possible

candidates for trans-activation of t~leoncogenes are the HaV products of

tho pr(lS2/S (Kakuta et .al, 1990} and X-gone (Wollersheim at sl, 1988'

regio\,s. The X-gena, ·18now known to interact with c..mvc and e-tas

promctcre to increase transcription of these oncogenes U3a[sBflo et et,

1991).

'152



3.4 CONCLUSION

It has bUttn OfOPOSed that during the development of Heel there are two

important forces which drivo the carcinogenic process (Yang et 8ft 1991):

1. the pre$encEtof a carcinogenic agent, ego HBV, and

2. a mitogenic sttml,.ll~.,

In support of this, it has recently been shown that HCC develops more

frequently when associated with incref)sed DNA synthesis (and therefore

hepatocyte division) in p&tients ".ith oirrnpsis of the liver (Tarao at aI,

1992L ,

A number of hepatocyte rnltogens has recently been discovered which may

be important in the process of liver regeneration, hepatocarclnogenesis and

therefore oncogene activation. They include hepatocyte growth factor

(HGF) (Mfchafopoulos and larnegar, 19921. insul!n like growth factors

(Quln, 1992), transforming growth factors (! and S (Castilla et st, 19tH;

Brenner, 1991; Fausto, 1991). An interesting recent finding is that the c-

met oncogene encodes the oall surface receptor for HGF end i8 rapidly

activated by treatment with HGF (Sottaro (It Sf 1991).

expression of c-fos and c..myc are elevated during Ii'\,'"feg6neration (Fausto
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and Shank, 1983; Fausto and ShankJ 1981). The finding of jncft.,.sed

expression OT these oncoger.f;s in the HCC speoimens studied here

suggelSts that there may be an elevated rate of hepatocyte proliferation.

This idea prompted investigation of the expression of nuclear

protooncogenea in cultured calts which are sublected to 8 mitogenic

stimulus. experimental work to addran this is described in Chapter 4.

\

The poasible role of the protein product of the X·gene of the hepatitis B

virus as transcriptional activator stimulated interest in this gena.

Transcriptional activating properties of the gene had alrudy been

damonstratEKi and have been ciscuS8ed. Th(~.possible eukaryotic origins of

the HBV X-gene were Investigated, and this is described in chapter 5.
" ,
1 _.I
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Chaptar4

THE EFFECT OF ALKAUNE STIMULA·nOfJ ON RNA

SYNTHESIS IN 3T6 MOUSE.FIBROBLASTS
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§. tHe EfFeCTOF ALKALINE SDM.t'l ~cW.N·QNRNA .&YNnleSf& IN 316

MOyse Ell;lBQULASli

4,11NTBOQUcnON

When cells move from & quiescent to an actively dividing state severat

important controfiing events occur. Included is the increased expression of

a variety of genes which are thought to playa role in the control of the rate

of cell division. Examples of these genes are the nuclear protooncoganes

c-mye, 0"(0$ and c·Jun. This topic has been discussed In Section 1.3.

An explanation for the overexpression of ckmyc and a-tos in liver tumours

{chapter 3} Is that there is a higher rata of calf divisIon in the hepatocellular

carcinoma specimens. Ex.pression of these oncogenes Is Increased when

cells are stimulated to divIde and is a feature of liver cells durlng

regeneration following pal1i31 •iepatectomy (Flllusto and Shank, 1983;

Fausto and Shank, 1981). In this chapter I an investigation was made of the

effect of alkaline mitogenic treatment of cultured mouse 3T6 fibroblasts on

nuclear protooncogene expression.
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!,1,' INTBACEJ.IJJLAB~1~l~IJNjS6nQUAND mE SDMULADON. OE

QUieSCeNT GEttS Ttl .l?~.lj;Jif:

The cellular reactions that occur afta( the addition at a growth factor to

cells are complex, and it has therefore been difficult to determine exactly

which of the reactions mediate the growth factor response. For example,

the tyrosine kinase family of growth facter receptors appear to be

important :n the transition of cells from a quiescent to actively dividing

state. Many of the receptors in 'this family also stimulate other cellular

functions such as migration, changes in shape, production of extraoellular

matrix (Williams et sl, 1991). I>s a result of this complexity of the cellular

resp',lOse to growth factor stlmulatlon, it has been difficult to determine

exactly which of the rsactlone mediate the growth factor r~tlponse •

.\
One of the e'lrnes'~effects of growth factors on quiescent cells :appears to

be the aetlvstlon of the Na+/H+ exchanger (Pouyssegur at fI/, 1982;

Moolenaar at ai, 1982; Pouyssegur, 1987). It has been suggested that the

subsequent Na+ inft1.lxand intracellular alkallnisation may be thl!l princi~1

factors involved in the sequence of avents initiated by growth factor-target

ceU interaction (Koch and leffert, 1979: Rozengurt, 1981; Pouyssegur tit

alt 1982; Moolenaar st Ill, 1983; Rothenberg at It!'. 1983; L'AUemein sf aI,
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19B4; Muldoon et Sit 1985; Pouyssegur at a/I 1985). Moreover. the

blocking of this antlporter with amiloride (L' Allemein et sl, 19B4b) inhibits

growth factor-induced DNA synthesis. Pouys$egur et af (1984) have also

demonstrated the inability of mutant mammalian cells which lack the

Na+/H+ exchange activity, to grow in neutral or acidic pH, whereas at an

external alkaline pH they grow at a normal rate.

Furthermore, it has been shown (Bravo and MacDonald~Bravot 19B6) that

the progreSsion of ceUs to the r"phase of the cell cycle is highly sensitive

to the external pH. Zetterberg and Larson (1981) have demonstrated that

after Z5minutes of treatment with culture medium at a pH of 9.5, 3T3

mouse fibloblasts can be induced to undergo DNA synthesis and mitosis

under conditionti of starvation. Although not established, the mechanism

of the mitogenic stlmutation 1s likely to be by intraoellular alkaUnisation

(Zetterborg et sl, 1982).

Kinetic analysis of 3T3 mouse fibroblasts treated briefly with alkaline

medium demonstrates that the progression of cells to the S..phase occurs

at a similar time to that after foetal calf serum stimulation. The time taken

to enter the S..phase after stimulation is approximately 12 hours (Zatterberg

et 81, 1962).
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!!",2. ANALYSIS OF Gt~eBeSSlQN IN CULTUREQ 3T§ MOUSE

f:3BOaLaSTS AEIEB ALKALINE TBEATMENI

A useful model for the study of gene expression during ceUproliferation is

that of using cultured 3T~ or 3Te mOU~E'fibroblasts. Thase ceUs can be

induced to enter a quiescent state by depriving their medium of foetal calf

serum (containing growth factors). They can then be induced to enter the

S phase of the cell cycle synchronousty by the addition of the appropriate

growth factors or a higher concentration of foetal calf serum (Stiles at alt

1979). A eenventent approaoh {used here and in many of the previously

described experiments} to the understanding of the genetic basis of cell

proliferation is to identify the genes whose expression is affected by the

exposure to the growth factor stimulus.

An advantage of using the alkaline treatment of ceUs as a mitogenic

stimulus is that cells can be maintained under conditions of reistive

starvation. The numerous effects of foetal calf serum per $' can thus be

minlmlsed, Alsof this experirnental model allows assessment of increased

pHI as being a trigger required for stimulation of oncogene expression.

Two approaches have been used to characterise some of the transcription
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responses of 3T6 mouse embryo fibroblasts to an alkaline mitogenic

stimulus, The first wa~ ~~ onalysis of total cellular RNA synthesis. Use was

made of the pulse labelling technique descc'·.bed in the Methods and

Materials Section (2.3.2). The second m.Jre specific approach was to use

mRNA hybrldisation in order to analyse c..myc, e-tas and e..jun expression

in 3T6 mouse fibroblasts after treatment with alkaline medium as a

mitogenic stimulus
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4.2 BEsuLn ANa QISCUSSION

!I,Z·1 Tom RNASYrfit:liSIS EQLLOWlHGALKALINE &DMULATlQN OE

Me CELL&

Figure 4.1 is a depiction of the fluorograph which was obtained after puise

laballing to assess changes in the synthesis of total RNA following alkaline

stimulation. Visual comparison shows tr.at thera are no malol changes in

the bands which ara visible on the autoradiograph, and this was

corroborated by den.~itometric scanning of the autoradiogr.ephs.

"\',
u
\
l\

Figure 4.2 shom ~~gel similar to that depicted in Figure 4.1 which had

been stained with silver and therefore represents chtmges in total RNA. As
l\

with Figure 4.1, thef(. were no obvious differen~es between the lanes.

A limitation of this set 'pf experiments was the relative insensitivity of
\\

detection of the changes: which may occur in the expres~lon of specific

RNA 8.pecias. AI_a, the al&\'ltrophoretic separation technique used, that of

5% .'polyacrylamide gel elec,trophoresis, does not resolve large RNA

moleeulea {approximately hnger than 18S ribosomal RNA}.
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y aesULTS AND QI&CUSSIQN

U,1 IOIAl RNAUNIH2SlS FOLI.OWJNG ALKALINE SDMlJ\.AIJQ8 QE
;·.1'., ' " " ' " , " '~h

Figure 4.1 is ~ depiction of the fluorograph which was obtakted after pulse

fabeHing to assess rlhanges in the synthesis of total RNA following alkaline

stimulation. Visual comparison shows that there are no major changes in

the bands which are visible on the autoradiograph, and thls was

corroborated by densitcmetrio soanning of the 8utorad:ographs.

Figure 4.2 shows a gel ,imilar to that depioted in Figure 4.1 which had

bean stained with Silver and therefore represents changes il'\. total RNA. As

with Figure 4.1, there were no obvious differences between the lanes.

A nmitatlort of this set of experiments was the relative insensitivity of

detection of the changel which may occur in the expression of specific

RNA specias. Also. the elacttophoratic saparatlonC~hnique Ula.a, that of

6% polyacrylamide gel electropho"e&is, does not resolve farge RNA

molecules (approximately larger than 18S ribof;omal RNA).
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28S-
18S-

4S ....

Elswrt thl Fiuorograph ot radioltbel1sd RNA synt leslsed after alkaline
stimulation and separation on 6% polyacrylamide gel Electrophoresis. Lanea
from laft to rIgnt (a..hl represent RNA extracted frQ\O unstImulated cens
(lane a) el1dat two hour intAfvals up to 14 hours aftEr atkaUnfl\ stImulatIon
(lanes b..h). In each caset pulsing with $H.,uridin, was for the flnal two
hnure of the incubatIon afte. the alkaline treatm~nt. Details ot thla
procedure and the processing of the gels for fluoro!Jraphy is butiined in
:section 2.3 of t, e Materials and M Jthods. The autorattiograph dapkrted In
A was aUb! .~days exposure. and trat in S was 8;(e,'3 weOKSexposure.
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~ Sliver stained 6% polyaorylamide gel of 3Te mouse fibroblast
RNA separated by electrophoresis. Lane 8 represents the control where
cells had not been stimulated by alkaline treatment. lanes b to h r~present
the separated RNA from 3TB cells which had been stimulated with alkaline
medium and than harvested at 2 hour Intarvl'll, 2 to 14.hour$ thereafter
(Ianas b to h).
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A graphical representation of the time course of the expression of the three

oncogenes studied tc~mycf e-tas and o-jun} after alkaline stimulation is

given in the Figures 4.3 to 4.5. Oncogene expression (hybridlsation ratio)

h~,'expressedas a function of the ratio of the intensity of the hybrldisation

signal (detected by densitometric scanning) to the inten~ity of the analysed

stained image of the 1as ribosomal RNA detected on the nitrocellulose

membranes of the NortheiYl blots. The values obtained at each of the time

periods represent the difference in ratios obtained for the stimulated and

unstimulated cells. These data were obtained from the analYSis of RNA

extracted from the pooled cells of three independently treated culture

flasks. The details of the procedures of analYSis have been outlined in

Methods Section 2.3.

An important cons!deration when working with cells in culture, and

analysing their response to a stimulus Is that the proces$ of changing of

culture medium itself rmty result in the stimulation of various genes such

,asthe ones studied here. The data presented in Figures 4.3 to 4.:' take this

into account. The presented data represent the difference between the

hybridisation signal detected
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~ Time course of c-mvc mRNA levels detected after treatment of cultured 3T6 mouse fibroblasts with alkaline
medium. RNA extracted from the cultured ceUsat two hour intervals after alkaline treatment was subjected to Northern
blot hybridis<.1tionanalysis. The signs.l detected {by densitometric scanningl was expressed as a ratio to the amount of
1as ribosomal RNA detected on the nitrocaJ!ulose b!ot;o:;after staining with methylene blue. The data we}'~ expressed
as the difference between the signal detected after alkaline stimulation and that after changing the culture medium in
the control celfs.
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figure 4.4 Time course of c40s mRNA concentrations detecte(i';fp"3T6·mouse fibroblasts after treatment of the c~ds with
alkaline me<iium. The processing of the data was as described ~nthe legend to figure 4.3.
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figure 4,5 Time course of c-jun mRNA ccncentrattons detected in 3T6 mouse fibroblasts after treatment of the cells
with alkaJir.a medium. The processing of the data was as described in the J~gend to figure 4.3.

c\, \
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after alkaline stimulation and that obtained after changing the medium in

the control cells.

The expression of the three oncogenes was found t(l bbslevated following

alkaline treatment, Increased expresston of c-tos and e-jun occurs 1 to 2

hours after the stlrnutatlon {FiglJres 4.4 and 4.5 Elevation of e-tas.

expression is greater than that of a-jun. The diagram (Figure 4.4) shows

that the increase in e-tas expression is approximately 5-fold at its

rnaxlmum, whereas that of c-jun is only 2..3 fold increased. Both c..fos and

e-iun mRNA concentrations reach the base:ine (level at time 0 hours)

approximately 4 hours after stlmulatlon. Thl~ is similar to the time course

of e-to« and c-iun mRNA concentrations after growth factor stimulation

(Oenhardt et st, 1986; Almendralet aI, 1988; Nakabeppu at ai, 1988).

The increase In the expreSsion of c-myc occurs at a later stage after the

alkaline stimulus (Figure 4.3), This diagram shows maximum expresston at

the time 3..5 hours after stimulation and the baseline level is reachsd 6

hours after stimulation (Figure 4.3).

These results are in keeping with the previously distJussed data on the

stirnulatton of cells with various growth factor mitogens (Section 4.1 ). That

167



after alkaline stimulation and that obtained aft~r challging the medium in

the control cells.

The expression of the three onc9genes was found to be elevated foltowing,o_,

alkaline treatment. Increased expression of c-to« and c-jun occurs 1 to 2

hours after the stimulation (Figures 4.4 and 4.5). Elev9tion of e-tas

expression is greater than that of c-jun. The diagram {Figure 4.4) shGWS

that the increase in e-tos expression is approximately 5·fold at its

maximum, whereas that of c-jun is only 2·3 fold increased. Both e-tas and

c-fun mRNA concentrations reach the baseline lIevel at time 0 hours)

approximat~ly 4 hours after stimulation. This is similar to the time course

of e-tas fAd c-jun mRNA concentrations after growth factor stimulation
,/

(Oenh~(dt et ai, 1~86; Almendra( at sl, 1988: NakabePDu at ai, 1988).

The lncrease in the sxpresslon of c-myc occurs at a later stage attar the

alkaline stimulus (Figure 4.3), ThiJ diagram shows maximum expression at

the time 3..5 hours after stimulation and the baseline level is reached 8

hours after stimulation (Figure 4.3).

These results are in keoping with the previously discussed data on the

stimulation of cells with various growth factor mitogens (Section 4 •.1). ,'hat
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is, the expression of e-tas and c-fun do appear to parallel each other with

resps-t to the time At which their expression is at a maximum (Nakabeppu

et et, 1988). Furthermore, the increase in the expression of these two

particular oncogenes occurs soon after the growth factor stimulation

{\(ruijer et at, 1984), w~;eas the expression of c-mvc occurs at a later
,! ~
, " 1\
stage of 'r3~eG1 phase \Pf the cell cycle (Morgan and Pledger, 1989;

" II

The previously documented 20 to 40 fold increases in the concentrations

of c-myc mRNA following treatment with a growth factor (Denhardt et et,

1986) were not demonstrated using alkaline treatment. Here, the increase

was only approximately 3.5 fold (Figure 4.3). The most important reeson,

for these differences may be that these experlmental data were analysed

differently {taking into account the effects of changing of culture medium -

see page 1(3) to those of the report by Oenhardt et 81 (1986). Also,

alkaline treatment is likely to have Inon-mitogenic' I and perhaps deleterious,

effects on cells which intittectly influence oncogene expression.
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is, the expression of 040s and c-fun do appear to parallel each other with

respect to the time at which their expression is at a maximum {Nakabeppu

at ai, 1988}. Furthermore, the increase in the expression of these two

partiCular oncogenes occurs soon after the JroWth factor stimulation •
'.

(Kruijer et ai, 1984)! whereas the expression of c-myc occurs at a later

stage of the G1 phase of the cell cycle {Morgan and Pledgert 1989;

Perssonat et, 1986}.

The previously documented .20to 40 ford increases in the concentrations

of e-mva mRNA following treatment with a growth factor {Denhardt at 8/,

1986} were not demenatreted IJsingalkaline treatment. Here, the increase

was only approximately 3.5 fold (Figure4.3). The most important reason

for these differences may be that these experimental data were analysed

differently {taking into account the erfecta of changing of culture medium w

see page la3) to those of the report by Denhardt st 8/ (1986). Also,

alkalinetreatment is likely to have Inon-mitogenic' ,and perhapsdeleterious,

effects on cells which indirectly influence oncogene expression.
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F.vidence has been presented here which further implicates c-mvc, c-tos

and c-jun in the regulation of the cell divi$ion process. The expression of

these genes has be(m shown to be increased following mitogenic

stimulation with alka!ine medium. Growth factors act on a Na+1H+

antiporter to' increase ~m:racellular pH (pHi)' and this is thought to be

important in t~e mitogal1lC response (Koch and :"effert, 1979i Ro;;engurt,
I

1981; Povyssegur et a/, ~9a~i Moolenaar et ai, 1983; Rothenilerg et aI,
/; ,

1983; L'AUemein et et, 1$84; Muldoon et all 1S85i Pouyssegur et aI,

1985). Mitogenic stlmulattcn of cells by their treatment with alkali is likely

to increase pH, and thar"'b~ '~ave the mitogenic effect. The data presented

suggest that an increased pH,per 5e precedes the expression of the ('allt.dar

oncogenes c~mycfc..fos and c-jun, and intracellular alkalinisstion is likely to

be an obligatory step in the cell stimulation pathway.

Alkaline treatment of cells may bypass the normally occurring steps In the

cascade of events leading from growth factor stimulation to t'1e initiation

of DNA synthesis. The induction of cells to enter 1;heS phase of the celf

cycle appears to be independent of progression and competence factors.

The alkaline n?H:ogenic stimulus can be carried out under conditions of
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r·,;
relative starvation where both PDGF and PPP factors are limited in the

culture medium tZetterberg and Larson, 1981; Zetterberg et st, 19821.

Increased expression of c-jun, e-to« and c..myc (competence genes)

suggests that in the system used here, alkaline sttmulatlcn rHay at least

have effects similar to competence factors.

These data suggest that increased p" is the culmination of actions of

growth factors which trigger the increase in expression of cellular

protooncogenes. By treating cens with alkaline medium, the normally

occurring steps in the pathway may be 'short circuited'. It therefore does

not appear that increased pH, is a C(f'lCldental permissive effect of the•

mitogenic treatment of cultured cells.

l'he mechanism of oncogene ~ci,ivation in hepatocellular carcinoma is

uncertain. Their expression may reflect stimulation of liver cancer cells to

divide in 8 simitar way to the induction of oncogen~ e~prasaiotl in

stimulated cultured caUs. Alternatively, tha .expression of the nuclear

protooncogenes may be a result of tr~mscripti(lOal &ctivation by the produot

of a gena which may be primarily responsible for the hepatocatcinogenic

process. Such a gene is the hepatitis B virus X..gene. This gene has been
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shown to have transcriptional activating .prClpertiss of nuclear

protooncogenes :B8tssO() et al, 1991).
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Chapter 5

ATTEMPTED ISOLATION OF A 1\1AMMAUAN HOMOLOGUe

OF THE HEPATI1~ISB VIRUS X-GENE
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6. AneMPTEO ISQlAIlD1LQE A MAMMAUAN HOMOLOGUE Of THE

I:I(;PADlfS II YIRU& X-GeNE

5,1 INlBQOJJQIIQN

A general representation of the genetic organisation of the hepatitis B virus

genome has been given in the Introduction {Figura 1.3). In addition to the

pre SIS (encoding the three envelope proteins), the C (encoding the major
;v""',

core i ,~in, P22c) and the P ragion1 (encoding a DNA polymerase ..

reverse transoriptase), a fourth open reading frame (ORF)t ,he X ..regionl

corles a protein (Hex) of 154 amino acIds with a molecular mass of 17 kDa

{Tiollais et st, 1985; Chisaka at,al, 1987: Siddiqui at sl, 1.987; levrero st

el, 1990}. This gene appears to play an important rota ir the life cycle ot

hepatlt;~ B virus. The inabilitY of vIruses with mutations in the X-gene to

grow in animal hosts (Colgrove et 141, 19S9) and the hlQh degree of

conservation of this gane amongst hepadnaviruses suggest this U..o et ai,
1988).

The HBx protein has protein kinsGe activity (Wu et 8/,. 1990) and been

found to have transcriptional activating properties (Twu and Schloemer,

1987; Aufiero and Scnneider 1990; Wallersheim ot ./, 1988). Activity as
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\',\

a serine protease inhibitor has also recently been documented (Koike,

1992)., The proteolytic and protein kinase activities may be important in

regulating the lntarae on between cellular transcription factors and the

Hax~rf:sponsive DNA elements (Wu et all 1990; Koike, 1992).

There is significant evidence implicating the X*gene in develOPni€lnt of

hepatocellular carclnorna, Transgenic mice derived from germtine cells with

the X..gene incorporated progressively develop of histopathological changes

which ultimately lead to liver malignancy (Kim et st, 1991). Transcriptional

ectlvatlon of the cellular oncogenes e-tos and c@myc by the HBx protein

may be important in the development of hepatocellular malignancy H3alsano

et et, 1991).

An nnportant and striking feature about the genetic organisation of the
I I

hepatitis B vlrus genome is its compact structure. Th;s is achieved by the

overlapping ORFs which collectively form the genes of HBV (Miller at aI,

1989).

There is speculation about the mechanism by which HBV evolved this

complex genetic organisation. Corl~puter analysis indicates that the long

overlapping surface and polymerase ORFs may have evolved from a

common ancestral
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genetic element whIch gave ri~~ to retroviruses and rl.3trovirus..Jike

transpoaons (Robinson at alt 1987).

6.1.3 HePALlNAYlBJJS AND REIBQ~IBUS (JENOMe HOMOLOGY

<' "'\
The small size of HBV {3.2kb) makes it especially ~:~ friable to detailed

computer analysis of its sequence and comparison to other known DNA

sequences of ratrovlruses. It has been found that there is a number of

conserved sequences of hepadnaviruses wbich also share homology to
.:

corresponding regions of the genomes of r~trovlruses (Miller and Robinson,
\:c

19S@: Robinson at 81t 1987; Miller et al. 19S9). Thesa similarities are

summarised below.

The most highly conserved region amongst hepadnavlrus strains is a 111

nucleotide sequence extlmdlng from the 3' end of DR~1 into the C~reglon

(see Figure 1.3). Of 11 mammalian hepadnaviruses studied, the degree of

homology over the entire sequence I~more than 95%, while the degree of

conservation amongst the first 50 bases of this -sequence is 99% (fbld).

This sequence has also been found to have most homology with retrovlral

sequences, This similarity 1&)(i$t8 betwean the first aa nueleotldes of this
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aequenee and the U..S sequence within the long terminal repeats (l TRs) of

certain retroviruses. Hepadnavlruses however do not eontain sequences

wOtah are functionally identical to the LTRs of retrovlruees. The retroviruses

with the highest degree of homology were found to be the type C murine

leukaemia/sarcoma viruses and human and simian retrovirus like elements

(ibid).

Another area of hom4Jlogy between hepadnaviruses and retroviruses is in

the core gene. This genA is highly conserved amongst th$ tlepaanavirus

strains. Fu~hermoret it demonstrates homology with the P-30 gag ~rotein

of the typa ..C murine leukaemia/sarcoma viruses. The proteins encoded by

the hapadnevirus C gene and the retrovirus gag genes are functionally

similar. The homology between a 98 amino acid sequence of the oarboxyl

terminals of the core and P..30 gag proteins is approxin'lately 41%. This .C'

region of homology oontains basic amino aetds suggesting that these areas

of the proteins may be involved In nuolelc acid binding (lbld) .•

A third area of homology between the hepadnavlrus genes and retrovirus

genes is in the predicted amino aoid sequences of the polymerase (P) gene

of hepadnsvlruaes and the pol gene of retroviruses, There Is an

approximately 40% degree of homology In a 94 amino aoid sequence in the
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mid ragion of these genes (ibid).

The areas o·f significant sequence as welt as funetlonal hOmQlogy betwl1en

hepadnaviruses and retroviruses suggests a common anceetral origin (Miller
'-' - - -', £)

and Robinson, 1986; Robinson et sl, 19S7~Miller at ai, 19891.

\l

6.1.2 COPON peefeB.erU~eQf HeeADNAlf.IBUS GeNeS

It has long been known that the genetic code is degenerate in that a

number of different triplet cedens can code for a single amino acid, This

was revealed by work done in the early 1960s which determined the

cedens whioh correspond to partioular amino acids (Nirenberg and

MatthafJi, 1Se.1; Nirenberg. and tader, 1964: Nishimura et alt 1965; Crick,

196G). The variation occurs in the third base position Of cedens and up to

four different bases may occur in this position for a particular amino acid.

'"I

It has been found that certain organisms appear to have different ~bdon

preferences and the codon usage 1snot random (lkemura and Ozaki, 1982;

Grosjean and FierSt 1SS21. That is, the bases which occur in the third

posttlon of a codon have preponderances depending on the source of the

gen~. For example, C and G occur more frequently in the third position of
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a codon of a eukarvotlc gene than do A and U. In eukarvotto viruses r the

converse is true {Wain"Hobson et all 19S1}.

This !lias of specific bases in the third position of cedens has significance

in attempting to determine the origins of genes which are thought to have

arisen through a recornbtnatlonal event between different organisms.

The core, polymerase and surface genes of the hepadrtavlrusas have all

been found to pave a third base preference which is in keeping with viruses
~ ,

of eukaryotic cells (Robinson at aI, 19B7). That is, the bases found at the

third position of codons of -:,hesegenes is more commonly A and U rather

than C and G. The codon IJsage of the X-gene is different. In this genet G

and C are preferred at the third position of the codon. The X..gene codon

preference Is unlike that of eukaryotlc viruses, and is similar to the

preference of 8ukaryotic and phage and prokaryotic cell genes. These data
\\

are summarised in Table 5.1 which has been reproduced from the

publication by Robinson at 8/ (1987).

This codon preference is a particularly Interesting finding ln that

hepadnavlruses appear to be related to retroviruses. Retroviral oncogenes,

like the HBV X..gene, have a eukarvotlc ceU gene codon praterence,
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Purtbermore, retrovlrat oncogenes are locate~ in positions relative to the

other viral genes which are similar to the location :;f the X-gene of

hepadnaviruses (Robinson et a/1987). Ithas been shown that the retroviral

oncogenes were derived from their eukaryotic hosts (Stehelin et ai, 1976;

Scolnick et 11', 1973). That is, the oncogenes were incorported ;nto the

retrovirat genome through a recombinationa! event during the 6volutic.h t of

the virus. The codon prefence of the X-gene of HBV suggests that the X~

gene has its origins in a eukaryotic genome and was also incorporated into

the hepadnevlrus get)ome at some stage during it*>evolution.
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A±UG+C I

Eukaryotic c~:. IEukaryotic virus J Phage and prokaryotic 0011

genes· g&OOS- ,genes·

Hepadnavirus Gene~

c p s x

.a&
1

..L
50.7

...:L
1~2

..L2.5.L1
1

11
1

.2.&
1

II'*' §,1Third base codon preference of viral and eukarycti(; genes expressed as [1 ratio of A+U to G+C. ThiS table

is reproduced from the publica1IDn by Robinson at sf (1987). The data had previously been presented by {a}Wain-Hobson
'~,

at al (1981) and (b) Mille.r ari\.~o~bjnsQn (1985) and is based on the analysis of 10 to 16 sequences for each of the ratios

which is represented.
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1i!1,3 EXPERIMENTALAfPBQACH TO THE ISQWIQN Of AN X..GENE

~
\\

lnitiaUy I the aim of me experiments waS to demonstrate the presence of a

eukaryotic sequ~nce/$ homologous to the hepadnav:rusX-gana b\' Northern

and Southam blot hybrJdlaation analysis of RNA and DNA isoJated from a

murine source,

Thereafter, two experimental approaches ware used In an attempt to isolate

an X·llke sequence:

1 Conventional bacteriophage library scr(lening using plaque lift
'[

followed by hybrldisation to r~dlo!abeUedRNA and DNA probes.

2 A peR based approach using primers designed as de$cfi~'~d in the

following section for the amplification ot sequences from mammalian

genomt~ and bacteriophage DNA,

1$.1.3,1 Dillon 2f HIIl.doIVlr"l X..gena,,'PrhruUI 10 III uaid fsu feB

ImDUflscltiQO Qf bgm2fogpus (( ..like MammallaQ SfUUltllW

The rationale behind the design of the peR primers was based on the idea

that srees of x.·gene sequencu homology amongst different 8.trains of
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hepadnaviruses are the most Ukely to be conserved in 'the putative

mammalian X..gene progenitor.

Based on a computer comparison of X-gene sequencesof 14 hepadnavirus

i\ strains, two sense and two antisense primers were d(1signed for

ampJificativ:"\ of puttltive X"gene homologues (W.S. Roblnsol'h personal

communication). A schematic representation of the orientation of the

primers on the X-gene is represented in Figure 5.1. Refer to the Mf.t:arials

and Methods Seotkln 2.5.4 for details conoerning the sf;lquences of these
. \

priMers.
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A
1 3 2 4

B
((

1234

!

fJ.w.u:u...l A. Sr.:hematic representation 6f the locati~n and orientation of
the four X..gene primers used for the arnpUfication of homologous
sequences. The primers are represented by the arrows which are pointing:
to their 3' ends. The linker sequences and the terminal redunda,'ulies of the
primers are indicated at the 5' ends by the short line which is not parallel
to the X..gene.
B. Ethidium bromide stained 0.8 % agar('sa gel confirminff the sizes of the
fragments amplified using the primers indiuatecl In A from known template,
The primer combinations ware 3 and 4 (lane B1); 3 and 2 (lane B2): 1 aner
2 (lana 63) and 1 and 4-. (lane 64) The sizas of the DNA fr?,lgmants
generated are 211 bp {Jane 81}; 183 bp (lane 62); 388 bp (lane 8S) and
416 bp (lane 8·4-).
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l'hree methods of probe lebemn:} WlrQ attempted. It was importari; thet the

probe be efficiently labelled ;.t order that 8mammali$fl DNA fragmmt with

X"gena homology oe f!leMif~ed. Pr~~inlio:.A£~~xperi~ntllhowed that there
,,,. ..• / ·i '

J V -,
was poor cumptemermuity betvl l" ;Z~rivfdX..gene fragment snd

<J ;i

the putative mamr~aUan~omf'!tt~ _j ..t.Ihi\:hWU! ~~inQimtestif~ated.This is

based on hybridisatiol'\ 'txp ..}ir"l&f.t"i whhuh ....~monatrated that low
',/

stringency hybridilation was required tn order to detect mammalian

sequence/sf Thil is discussed later. A probo was therttfore naeded which

would efficiently hybrldise to ~h' mammalian sequence. and yat not

produce P.!'l excess of non"specific hybridlsatfon. Spu;oioul bind'i ig of the

labelled probe would confuse any attempt at identification and isolatian of

the mammalian homologue of the HBV X..gGne fragment.

Initially, the labelting method ~$ed was a standard multi prime labelling

technique (Feinberg and Vogel'teln,. 1984). The reaction appeared to be

carried out ~.,fficientlv in that the incorpotation of 32p..dCTP into thtl probe

was approximately 40% uf the total radioactivity added to the reaction
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mixture. However, when this probe was used for hybridisation to Northam

blots prepared using RNA extracted from various mouse tissues, absolutely

no hybridisation signal was detected. This was despite very low stringency

of hybridtsation and washing. Hybridisation was car.Ied out at 37°C in a

solution containing 40% tormarnlde~ndthe post hybridisetion wash was

a 15 minute incubation of the Not at room temperatura in a 6xSSC

solution.

As a first attempt to improve the efficiency of probe tabeUing, a technique

using peR was used. This method involved a standard peR amplification

reaction where 32p-dCTPwas included as one of the precursors. This

method generated a highly radioactive probe. The DNA produced after the

amplification was of the correct size as assessed by electrophoresis {Figure

5.2}.

The peR labelled X..gene DNA fragment contained almost the entire length

of the XNgene (396bp} tsee Figure 5.2t}and should therefore have a higher
,,~.~.~

Tm than the muitlprlma labelled pf'flbe. The multiprima labelling procedure

makes use of randomly generated hexenueleotldes which hybridise
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B

1 2

\ "'" lIN.t\.. \ "',l\4t.
flsum. 6.i A. Ethldium bromide stained X-gene DNAAprepered using
primers 1 and 4 (416 bp" (see FiQure 5.1) ·after separation on a. 1.2%
agarose gel. :S2P~dCTPwas incorporated during amplification of the ONA
which is depicted in lana A 1. The amount of DNA loaded In each lane was
approximately 100 og, and represented one tenth of the peR labelling
reaction mixture.
B. Autoradiograph (5 minute exposure) of tl1e same gel represented in A.
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at a number of sltes to the target probe DNA. These are theSl extended to

form longer 'mligated oligonucleotides which are collectively

complementary to the entire probe sequence. The labelled fragments

however do not have complementary sequences over the entirety of the

template DNA.

The Tm of a hybrid formed between two DNA molecules can be estimated

from the following equation (Bolton and McCarthy I 1962)!

Tm - S1.SoC .. 16.6UoQ,o[Na+}) + 0.41(%G+C} ..O.63(%formamide}·

(600/J~

where Iis the length of the hybrid in base paIrs.

The prone labelled using peR Is longer than the multiprlme labelled probes

and therefore, the Tm would be higher. The average size of the muttiprime

probe fragments is not fixed, and is an inverse function of the

concentration of the primers (Hogdson and Fisk, 1981). Typically.,

multiprima probe fragmants are up to 50% of thfillength of the length of

the template (Thomas, 1980; Meinkoth and Wahl, 1984). Tharefortl, under

similar conditions of hybridis&tion, the Tm Of the peR labelled X-gene probe
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is approximately 1.5°C higher than the rnuttlprlme labelled X..gene probe

{SOOn98 - 600/396}.

(J
The number of complementary bases between the X..gene probe and target

mammalian DNA is not known. It is therefore not possible to calculate the

Tm o·f the probe hybridisirig to the target mammalian X-gene homologue

using this equdtion. 0

The peR labelled probe appeared to be more efficient than that labelled by

the rnultiprlme method. This was assessed by the amount of 32p-dCTP

which was incorporated into the labelled product {;ise Table 5.2}. This

probe was able to produce a signal when hvbridim:ld to Northern blets

prepared from mouse tissue RNA. The autoradiograph produced is depicted

in Figure 5.3, and the details of the hybridisation conditions and the

washing are indicated in the legend. The positive signat is indicated by the

arrow. Although at low stringency, the result was produced after a more

stringent washing protocol than that using the murnprlme labelled probe

which produced no signal.
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L&berdng Method:

~ DNA fragment' IDNA fragments

Subject tOo R~.se dagr4'd3tion

Ptobetype

Multiprime PCB ISP6 RNA Polymerase

Short Il"IUItiprin'led CornpJete length double stranded I Full length .sing.., stranded RNA

Approximate ex. iocotporatlon of I40%
:Jlp-dCTP precursor intOo probe.

80% 10%

~ison of Tm hybrids Higher Tm than multiprirne probe·
longer probe DNA strands (415

HighMt Tm ~almost futHength

HaV X..gene single stranded RNA

Probe ·mbility

l.oW8$t Tm, ·snort labelled DNA
.uands generated by the

extfllU:ion of random primed

he~_
bpJ mcJU. dmo most af the x..gen.f «:f: 400 bases) u38d 8S the
.sequence. probe.

tibia 5.2 Comparison of the three methods of X·gene probe labelling which \ .rere used for analysis of the putative

mammalian homologue of the X-g~ne .. see text (Section 5.2.1) for discussion.

StableStable
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When the peR labelled probe was. tlsed for hybrtdiS8tton to Southern blots,

there was (l. very faintly visible band on the:autoradiograph. DNA of both

human and mouse tissue origin gave ttns signal. The image produced was

however of such faInt inten&ity, and not easily distinguishable from the

baokground, that photographic reproduction was not po.slnh:••

The third method of probe labalUng was SP6 polYrl'lerase In vttro
1,,1

transcription. The X..gene fragment was cloned Into the polyllnker site of

the SP64 plasmid .. that i& Immediately downstream from the spa
polymerase promoter.

The protocols used for thts c'oning experiment have been described in

Section 2.4.3 of the Methods Sootlon. The X..gene fragment was amplified

using peR with primers complementary to sequences towards the 5' and

3' ends of the X..gene. The primers were designed so that they cClotained

recognition sites for the restriction endonucleases &tmHl and Xbsl at their

5' ends. The linker sites together with the terminal redundsncles were thus

incorporated at the ends of the X·gena during the amplifioatlon.
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j
..,/

288-

Eigutl 6,3 Northern blot anatysi:J of RNA extractea from various murine
tissues. Total cellular RNA was ~><tractedfrom the indicated organs then
subjected to Northern blotting anl~ hybr!disation with the peR labelled X-
gene probe, Hybrldisatfon was carried out in a solution containing 40%
formamlde at 42°(,--. ,he post hybrldfsation washes were: two of 15
mInutes. each at room temperature In 6xSSC; followed by two of 15
minutes each at room temperature in 2x$SC and 0.1 % SDS: and finally
two washes of 15 minutes each at 42°C In O.2xSSC anrl 0.1 % .$0$.
Independent but Similar hybrldlsation of two blots is represented In thts
photograph. The arrows indicate the positions of the putative positively
hybrid Ising RNA band.
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The X-gene was ligated at the polylinker site of the 81'64 plasmid after

digestion of both the plasmid and amplified X-gene DNA fragments with

SsmHI and Xb8J. Transfection of HB101 E.coli bacteria with the

recombinant 51'64 plasmid conferred ampicillin reslsrancs.

After Isolation of a number of bacterial colonies which displayed ampicillin

resistance, plasmids were prepared (as described in Section 2/'.5.2) and

subjected to restriction enzyme mapping and Southern blot hybridisation

with a multiprime labelled X-gene fragment.

Not. aU of the bacterial colonies which displayed ampiCillin resistance were

found to have the recombinant SP64 X-gene fragments. This represented

about 50% of the colonies Which grew on the ampicillin containing plates.

A typic~l example of a restriction mapping and Southern blot experiment

performed in order to confirm toe incorporation of the X-gene Into the SP64

plasmid is depicted in Flg~re 5.4. The agarose gels ware deliberately

overloaded with DNA in order that the smalt t396 bp} X..gene fragment

released by BamHI and Xbal digestion btl visible after ethidium bromide

stair.ing of the gal {FIgure 5.4, panel A, lana 2).

191



B

123 4

o

•
I)

t • ';\U

fig,,!! §.!1: Restriction endonuclease mapping and Southern bk>t
hybrldisation analysis of recemblnant SP64 X..gena plasmid.
A. Ethidium bromide stained 1.2% agar,ose gel of plasmid DNA which was
undigested (lanes Aland A4., digestecfwith esmHt and XbBI (It,;oesA2 and
AS)' and EcoRI alone (lanes A3 and AS;. lanes A 1 to AS represent an
example of a successful plasmid Ugation, and lanes A4 to AS give an
example of an unsuccessful recombination.
B. Autoradlograph of the gels indicated in A after Southern blot
hybridlsation to a multi prime labelled X..gene fragment. The positive
hybridlsation signal in panel B resul,Ued from the successful jrlcorporatlon.
of the 396 bp X-gene fragment (smaller band in lane 2 indicated by the
arrow) into the B8mHIIXbel digestion site of the SP64 polytlnker. '!,ha
autoradiography data shown in panel B lanes 4 to 6 shows no hybridlsation
signal and was obtained after simifvl Southern blot analysis of the $P64
plasmid where X..g~ne incorporation was unsuccessful.
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aatrlHl

HBV X-gene
SP64 plasmid

Eigura JiJi Diagrammatic representation of the HBV X-genu recombinant
plasmid constructed as described in 2.4.3 of the Materials and Method.
Section. The X-gene fragment is represented by the tree between the Xbal
and BamHI Sites of digestion. The approxt, .ate lacstions of the SP6 RNA
polymerase promoter and the ampicillin resistance gene (amp R) are also
indicated. The diagram is not drawn to scale as the length of the X-gene
fragment is 396 bp and the SP64 plasmid DNA comprises approximately
3000 bp.
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Digestion with EcoRI has the affect of linearising tha pJasmh::!,as there is

only one site for digestion by this restriction endonuclease. It is located

downstream of the site of t~;e X-gena cloning - thet is, relative to the SP6

polymerase promoter. The restriction map of the recombinant plasmid is

depicted in Figure 5.5. The o~lentation of the restriction enzyme sites and

the primers used to amplify the X-gene ONA resulted in antisense RNA

transcript bqing produced by spa polymnase.

The EcoRI digested recombinant SP&4 plasmid was used as template for

the labelling protocol. An example of the electr9phoretic sepEustion of the

purIfied linearised plasmId template is given in Figure 5.6. The method of

purificatian was by adsorption tO~jJlasspowder r and the protecol is outlined

in the Methods section 2.2.5.3.

The incorporation of radioactivity after probe labelling was consistently
, >

approximately 80% (see Table u.2). An example of the RNA produced after

in vitro transcription is depicted in Figure 6.7.

1)

194



23 130-
9416-
6 5.57-:'"
.4 361 ~
2322,
2027-

1 2

ElglUI fi.6 Ethidium bromide stained 0.8% .agarose gel depictlng nurifled
linearised SP64 plasmid. After digestion of the piasmid with feaRl it was
purified using Qtsss powder adsl.'rptlon and then sub!ected to
electrophoresis in order to confirm th~ purity. Resolution of the molecular
wui;ht markers Is depicteq in lane 1 and the purified linearised plasmid in
lane 2. The size af the linear plasmid is 3 401 bp,
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EiOlle! G.l 5% polyacrylamide gel electrophoretic. separation of RNA
synthesised in vitro using th~ recombinant SP64 X·gene plasmid 8S
template and spa RNA polymerase for transcription. Panel A is an ethldlum
bromide stained gel of RNA extracted after in vitro transcription. The
template SP64 DNA and the RNA which is produced are indicated. The size
of the RNA is approximatlsy 400 t'8se8. The autoradiograph obtained after
a ~O minute exposure of this gat is depict13d tn panel B.
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Thera afe several distinct advantages which this method of probe labelling

has over the other two methods used. Firstly, the probe is single stranded

and therefore does not hybridise to itseif when immbated in a hybridisation

solution. During DNA labelling by the symmetric peR technique, a large

amount of double,~~randed DNA waspreduced (see Figure 5.2A). When a

high concentration of oomplementary strands of DNA is used In a solution

for bJot hybridisation, it is likely that many of the strands hybridise to

themselves.

The ~econd very important advantage of the use of the spe polymerase

labelled probe is that the melting temperature of 8 ANA:ONA hybrid Is,
i.' i

higher than is a ONA:DNA hybrid of th~ same length. The Tm of a hybria'

formed between DNA and RNA can be c8lcula.ted according to the equation

derived by Casey and Davidson {1917}:

Tm :& 19.5oC + 18.50og,oINa+]) + O.5S(%G+C) + 11.8(%G+C)2 ..

O.50(%formamhle) .. (S201l)

Comparison of this equation with that for the calculation of it ONA:17rNA
\

hybrid (given previously) shows that the Tm of a RNA:ONA hybrid IIhigljer
If
if
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than that of a ONA:DNA hybrid. For example, the calculated Tm of a hybrid

formed b~tween 400 bp ONA molecules comprising 50% G+C in a 40%

formamide and 1M Na+ solution is 19.5oC. That ·of a RNA:DNA hybrid is

SO.soC,approximately 1DC hlgharthan the DNA:DNA hybrid. Although the

number of complementary bases bstwsen the X·gene proba and the
\\,,\

putatIve mammalian homologue is not known, the RNA probe would

nevertheless h&va a slightly higher melting temperature than the other

probes used .. a p&rticu;arly important property for these experiments, By

effectively Incraaslng the maltIng temperatura of the hybrid, the stringency

of hybrldisation could be increased.

A disadvantage of the use of RNA as a probe is that it is susceptible to

degradation by ubiquitous RNases. Careful attention to the elimination of
I[

RNitse contamination did hf.lwaver reli&hty produce intact probes.

A comparison of tho three methods of probe labelling which hsve been

described is given in Table 5.2.
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2,%&2.lYOBTtlEHN.BLOI ANALYSIS O.F fiNA EXll\AClel2 fBOM MQU&E

DSSUES AND HUMAN HtfATQCELLULAB CABklMOMA

Northern blot analysis of RNA isolated from human hepatocallular

carcinoma tissue is depicted in Figure 5.8 The patients investigated both

/,had serological evidence of Infection with HaV. There are two bands
i" ,/, r
(,/

detectable on the Northern blot, and they represent the characteristic 3.5

kb and 2.1 kb transcripts of HBV (Figure 1.3)~ They both have RNA

sequences complementary to the X-gene. The sequences are detectable in

both the tumour and tumour adjacent normal liver tissue. These transcripts.

have both been described In the Introduction Section 1.5.2.1.

FIgure 5.3 shows that when using the peR labelled proOO,a sequence is

detectable in mouse RNA which appearsto have complementarity to the

X-gene. The transcript was large. and this Is reflacted by its slower n

electrophoretlo moblilty than 28S ribosomal RNA. The mice used for these

experiments were disease free, and furthermore, HaV is not known to be

able to infect mice (Blum st Ill, 1989).
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floQtl,.a Northern blot hybridlsatlon of total cellular RNA Isolated from
hepatocellular CQrcirloma {lanes 1 and 3} and adjacent normal tissue (lanes
2 and 4) from two different patIents with HBV rotated liver malignancy.
Probing with a multiprlme radiolabeUed HBV X..gene DNA proba revealed
3.5 kb and 2.1 kb bands. lanes 5 and 6 rept'9$ent the result after probing
total cellular RNA which was derived frcm normal liver tissue of donor
patients who, had no evidence of Jlver dileB.S. Selll methods $Gotion 2.2.1
for the details concerning the pretparation of the tissue apecimens,
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After a very low stringenry wash of 6xSSC at room temperature, the non-

specific binding .9f the probe to 185 and 28S RNA was very high. These

bands disappeared when using the conditlona described in the legend to

Figure 5.3.

The X-gf;.\nehomologous transcript shown in Figure 5.3 was detectable in

heart and thymt.,i tissue isolated from the mice studied. This wes however

not consistent. For example, it is evident from Figure 5.3 that of the four

mice used, the transcript was detectable In the thymus of mouse 11 the

heart of mouse 2 and in both tissues of the third mouse. This was despite

the loading of similar amounts·of RNA onto the .g8ls used for the Northern

blot analysis.'

This Northern blot data was corroborated when using tne SP.6 RNA

polymerase protocol for the labelling of the X..gene prob&on similar blots.

Southern blot analysis performed on DNA isolated from mouse and human

sources usIng til peR labelled probe showed extremely low tevels of

hybridisation. A single band was barely disc~rniblQ and could not be

photographically reproduced.
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The stronger signal detected by Northern blot hybridisation was thought to

relate to the malting temperatura o'~RNA:DNA hybrids baing higher than

that of DNA:DNA hybrids. The empirically derived equations for the

calculation of the melting tsrnneratures of these two hybrids has ~lIread\f

been discussed.

0.2.3 cilNA IJImABY SCREENING

!nitialiy, the peR labelling protocol and thereafter the spa polymerasa

technlques were used for the probe laballing. The problems of non~sp&oiflo

hybrfdisation when screening noraries are notorious and this proved to be

particular!y problematic in these experiments. In order to exclude the non ..

specific detection of plaques, duplicate filters were prepared from each of

the plates. While this is the generally accepted protocol (Sambrook et}af,

1989), it proved to be extremely difficult in thet the detected signals were

extremely variable £IS a result of the apparent lack of complementarity to

the HBV X-gene probe.

The bacteriophage vector used in the library construetton (Clontech) was

Jlgt10. This was chosen In preference to a Agt11 library because under the

conditions of phage culturet the number of "lgt1 0 plaques which contain
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inserts is considerably higher than plates which ara prepared using Agt11.

The insert bearingAgt10 bacteriophages are genetically selected (Sambrook

et st, 1989) by their lytic rather than lysogenic growth c;mbacterial fawns.

Agt11 bacteriophage libraries "'ave the advantagfl of express!ng the cloned

CinsertDNA if in frame with thellacZ gene. Antibody sCT&ening is therefore

possible. Antibodies to the HBx p"otein were not available for the screening

of libraries.

An example of some positively hybrr\ ISing AgtlO plequGs Is given in Figure
, ,)

5.9. On this particular plate three positive plaques are demonstrated, and

this was aft~lr a secondary screening of bacteriophage particles isolated

from a putative pOSitively hybrldising plaque identified on the primary

screen.
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figUfl o.,a An example of an autoradiograph depicting putatively positively
hybrlgisin~acteriOphaga plaques at vari~}us stages of washing of the blots
during~fbra~ screening. The positive plaques. are indicated by the arrows.
This autoradiograph was obtained after hybrldlsation with the spa
polymerase generated RNA probe to a 'lift' made from a primary scrf.nn
Autoradiography exposure time was for 48 hours. Plate A depicts\the
autoradlograph after Jaw stringency and that in plate S was after higher
stringency washing. Washing of the blct depicted in A was twice for 15
minutes in a solution of 6xSSC at room temperatura. The blot In B was
further washed as follows! twice for ,15 minutes at room temperature in
2xSSC, 0.1 % SOS, and once for 2" minutes in a solution of O.2xSSC,
0.1% SOS at 42QC.
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§.2.! APE!SQAQHESIQ.ltlE liQLADQ.N..Qf1!aC!eBlOeHABE Qtt/;.t dOM

fQSIDllELY HYSBJOl$lNG PLAQUeS

The tnree methods uS"d for the i~o'ation of bacteriophage DNA have been

detailed in Section 2.5.2 of the Methods Chl:tpter. They were two liquid

lysate protocols, one using a CsCI gradient purification $Stepand a third

method involving a plata lysis tCtchnique.

Figure 5.1 0 show~ en example of DNA digested with feaRI after isolation

using the plate lysis technique. The remarkable feature, demonst,'stad here,

wa$ that the insert DNA oould not be identified reproduolbly .. that is

despite the theoretical presence of inserts in the bacteriophage partitlas

selected for thair lytic growth (see Section 5.2.3) The inserts were

undeteotable In these gels despite overloading. with digested DNA.

It hal been reported that commercial ag~i contains inhibitors of restriction

enzymes (Sambrook tit til. 1989), and it Is therefore not recommended for

use in the plate lysis method of bacteriophage DNA preparation. If! tnese

experimenta, sgarose of tif·~otrophoretio grade tnsteac' of agar was used for

the preparation of culture plates. The end....nuclease inhibitors present 10

" {!gar are not present in
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flQur, RI1D. Ethidi~m bromidsltllned O.S% a9Iro,. gel of DNA Iioistad
using the plate lysls method of bactlrtophag', DNA purification. The DNA
wes subjec:mtdto fecRI dfgt$tion prior to GI.aetrophoreli. in ordtu to rellliaM
ttl! insert carrif¥' by each of the clonel. The mal&~ularweight marker.
were S9parllted in laul3 1 and the digested bacteriophage DNA ilollt&d from
five individual clones ia shown in lanes 2 to 6. Oll this gel, the 10",) (L) and
short (S) arms of bacteriophageAgt10 can be easny resCltved,but no inserta
can be ;1$&8n.Th~ long arm ia approxi'Nltlty 32.6 kb and the .hort arm 9
kb in $f.~e.
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good quality ngarose (Gambrook et aI, 1989). Evidence that inhibitors of

restriction enzyme digestion were not present in the bacteriophage DNA

preparations il that the lung and short arms of bacteriophage Agt10 are

visible after digestion (Figure 5.10).

Bacteriophage DNA prepared using the liquid lysate protocol followed by'

CsCI gradient centrifugation was reproducibly the bast method of

preparation. Unlike the m~thods usIng plate and liquid lysiS without CsCt

~radfent purification, the inserts were readily identified by agarose gel
\\.

electrophoresis after dl~tk::m. This ;'8 shown In Flijura 5.11.
(~ ]" ,:' -

The reasons for/this are not obvious. Po8sibilltiEu~ include: 1) The purer

bacterfophega DNA allowed easier detection of the Insert DNA after

restriction endonuclesse digestion. That is, clJntaminatlng bacterial

chromosom:a~)ONA was not present to obscure visualisation of the small
//

amount of t(l.art DNA; 2) Inhibitors of restriction enzymes are effectively

removed after the O,CI gradient C$ntrifugatlon.
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Elg\UI 5.11 Ethldium bromide, 3fned 0,8% agarose gel of DNA Isolat3d
using a littuld lysis bacteriophage .preparation method foUawed by CsCl
discontinuous gradient centrifugation. Lane 1 represents the separation of
the molecular weight l11$' ers. Lanes 2 and 3 represent bacteriophage DNA
from Individuat plaquas Which had been digested with EcoRI and then
slJt:jact&d to electrophoresis separation. The numerous inserts which can
bi) detacted in these two lanes (approximately ~2100 bp) probablv reflect
the picking of more than one plaque from the densely plated libraries.
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0.2,5 $OuntE8N aLor ANALYSIS.Of ..BESIBlCDON'. DIGEstED

BAc:n:BlgpHAQe DNA.
r:,

Southern blot analysis of bacteriophage DNA digeated wl(h restrilrtion

enz'lmEts procfu~,edirreproducible re6ults. It was usually the case that DNA

prepared from til positively hybrid ising plaque did not produce a signal on

Southern blot analysis. Also, \\'hen Southern blot hybr~9isation of the

plaque DNA was positive, no insert DNA was detectable.

Initially, these results were -obtain&d when ONA was analyeoo after

isolation from plate lysis preparations. It was thought that the reason was

that this bacteriophage DNA preparation technique did not yield sufficient

DNA of good purity.

When prepared by the CsCI gradhmt method however, and whGn an Insert

was detected, the fragll'ft)nt did not hybridlse to the HBV X·gene probe •

....his was despite numerous attempts to prepare large quantities of Agt1 0

DNA which was subJected to electrophoresis with or without Southern

blotUng. These data suggested that falaely positiVI hybrJdising plaques

wire isolated from the plates during library screening.
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This lack of reproducibility strongly suggested that the hybridls8tion signal

being detected was non-specific ..an inherent problem with low 3uingency

hybridisation protocols auch as were being used here.

In aUapproximately 100 putatively posittva plaques were analysed in this

way. In no case was it possible to isolate a definitely posaivety hybridising

plaque which also yielded a hybridising insert of the same size when

subjected to Southern blot rybrldisation.

As an alternative to the Agt10 library screening, 8 peR based appl ",..ch

aimed at amplifying an X-gene homologue ~f1(~USused. Four different primers

were constructed (2 sensa snd 2 tmtlsense) which were located at

pO$itions on the HBV X-gene which WIre found to have a high degree 'Of

homology amongst the subtypes. of the hepadnsvlrldae (see earlier

discussion). The rationale behind the choice of these aequeness ~'Jasthat

if they were conserved amongst the dlfferent species, then the procsblilty

of being conserved in the f)utative mammalian homologue was greater If

the X..gene's function had been preserved (se'eearlier discussion).
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A number of different modifications of the amplification protocol were

used. The tsrnparaturas of annealing during amplification were varied ..they

ranged from 40°C to SooC. This was to account for possible lacK of

complementarity between the primers and tamplate DNA which were baing

used to direct the amplification step.

The template DNA used was isolated from putative positively hybrid ising

plaques from the eDNA library screening (see 5.2.4 and 5.2.51 as welf as

genomic human and murine DNA.

After amplification, the .products of peR were analysed by agarose gel
,\

~lectrophoresi8. AU bands clearly detectable were used for sequencing.

Th"'~,e fragments were cloned into the polyllnker sites of M13ms18 and
(

M13ms19 filamentous bacterIophages. These two vectors hdve thair

polylinkers in opposite orientations and thus allow sequencing from both

ends of the same insert. The recomblnent bacteriophage plaques were

salectetl by their colourte38 appearance whan grown on X-gal and, IPTG

containing plates (sea Methods Section 2.6.1.3). An axam;lle of single

stranded M13 DNA prepared for sequencing is daplcted in Figure 5.12. An

example of a sequencing get (using tha dideoxy chain termination methnd

of Sangar et .1, 1973) is depioted in Figure 5.13.
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After sequencing of approximately 20 clenes, the only areas of signlllGaot

homology between the amplified fragments andthe X-gene sequences were

the primer sequences (Figure 5.14}, This was determined using the DNA

Star™ software package and the crtterla fcr significanoe indicated in the

Methods and Materials &ction... \.2~The width of the reaidu8$ of the unit

of comparison (window Gize) was 30. The setting for the number of

adjacent residues of the window that should match was as low as 30%

using all register shifts. The minimum quality .. the minimum number of

consecutive qualifying wh.dow 'omology to be recorded ..was one. In

aUcases, the rOVflrse complement of the sequences were elsa compared.

Th(o) Quality valuo {Q"value}, calculated by DNA Star™ using a numbe{or

parameters to determine where homology was significant, indicated that

there was onlv homology in the primer sequences.

The most common artefact of the peR amplification protocol was that of

so called 'primer dlmer' prodUcts of peR. In this type 0.1 amplified DNA

sequence, it W6S found that the DNA .comprised one or more tandem

repeats nf pmoer sequences sort tetimes including other non·ho~ofogo\Js

DNA. An example of this type of ertefact IS given in Figure 5.14. Herel it
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is also shown that comparison of a seqUenccKtampnfied product with the

primers and consensus X"gene sequence reveals homology only in the

primer sequences.
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ElQurl 5.1a Ethidlum bromide stained 0.8% agarose gel or single stranded
recombinantM13mp18 and M13mp19 DNA. Motecularweight marker DNA
is shown in lane 1r and exampl$s of different single stranded M 1~ DNA
ctenes (iAdlaa1:eEJ by tl1le afrew) which were sequenced is shown in lanes
2 to 5.
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Elgln.6.j3 Example of an autoradlograph from a nucleotide sequencing
gal using the dideoxy chain termination method. Otipict&d hera is the data
whioh was derived from sequencing a recombinant M13 vector containing
a fragment amplified using the X..gene primers Indicated tn the text and in
Figure 5.1.:
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CON 1519 TGCCTT~~~CGCl"TCACCTCTGCAG 1565
HOM G &CGCCCA~~~ T G
2&' 29 GGATC~~'!CCf~AATATTTTGCAAATTG 75~+~_~~~~~_-+~_~~A~~~_+~_~_A~~__+~~~~A~_~~+_~~~A

-~~-+~~--v~~~-+-~~-v~~~-+~~~~v--~~+-~~~v~-~
COM
HOM
2&:4

1Ci~1 TTGTA'1"l'AGGAGGCTGTAG~~ 1813
T T GG TTG~~

41 TCCTGCCCAAGGGMTAT'l":'lfau.~AOO 89~~~+~_~_A~~~~+._~.~_~~+ __ ~~~~~_~+~~~~A_~~~

fWf it14 Comparison of an amplitied sequence derived from recombinant bacteriophage template DNAfrom a putative
positive plaque. The primers used were 2 and 4 (see Materials and Methods Section 2.5.4). The numbered HBV X-gene
consensus and primer sequences are !:'ldicated by 'CON' I and the amplified sequence in this case by '2&~!. The areas
of sequence honlology are indicated as 'HOM:. The primer sequences are indicated in bold print. It can be seen that
primer sequence 2, inCluding the BamHI restriction site, occurs at sequence 35 to 48 of 2&4. The complement to primer
4 occurs at sequence 69 to 89 of 2&4. Approximately 250 bp were sequenced from this clone, and the only areas of
homotogV are indicated in this diagram.
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A number of different probe labelling procedures was used in an attempt

to identify a sequence with putative homology to the HBV X-gene. It was

possible to detect a band on Northern blot analysis of mouse heart and

thymus RNA. The low stringenoy conditions of hybridisation which were

required to produce a signal suggest an lncreased probability vt non ..specific \

hybridisation giving a spurious signal. The low intensity of ~neSouthern

blot hybridisation signal also supported this. Extensive eDNA library

screening and re-screening with highly ransltive X-gene probes, together

with a peR based approach, failed to yield a mammalian DNA saouence

with homology to the HBV X..gene. Positive plaques found on primary

screening may have resulted from non-specific binding of the probe. They

were not enrich"ct after secondary and tertiary plating and hybridis~tio(i.
>\

\ \

Possible modifications to the protocol~ used here include 1) use of an

antibody to screen an expression libraryfies constructed w:;ing Agt11

bacteriophage vector, The rationale bF)hindsuch an approach would be that

if a sequence is not detoctable US;,19 nucleic acid hybridisation, an epitopa

of the protein may weli be recognised by an antibody to the X-gene. In

such an exparlment, it would also be desirable that the antibody used for

the detection btLPolyclonal rather thsn monoclonal. The chance of
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fEicognising different epitope$ present in the X-like protein would be oreHtar

with a polyclonal antibody. 2) Use of d~ganerate primer sequences in order

to pmbe DNA libraries. The principle behind this method (Sambrook: et sl,

1989) entails the construction of a number of oligomer probes which have

different sequences based on the degeneracy of cedone,

The important question being asked in the experiments 'hhich have been

described in thi't section is: Dces a mammalian gerl\~ homolo90uS to the

HBV X..gene exist? Unfortunately,. it 1.; O?t possible tc answer this

conclusi\1ely.

The results supporting this idea come from the Northern blot data wtiich

suggest that there is a murine RNA sequence with homology to the HBV

X..gene in heart and thymus (Figure 5.$). l7.vldenceagainst the extstsnee (Jf

the homologue of the X..gene is that after vary extensive screening of

murt, heart and thymus eDNA libraries and attempts to amplify

homologous ONA using peRt no reproducipfe result8 co,lId be obtained.

The expFlrimental data prtio~lited hers substantiate the idea that if there i8
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a mammalian progenitor of the hepatitis B virus X"gene, then it has been

mutated i.ind/or rearranged to such an extent that the sequence is VD:ljtly

different from that of the HBV X-gene. This makes it very difficult to isolate

such a sequence using viral probes. Rearrangement of sequences when

they are integEltad into another genome is a well described phenomenon,

and it is prasumably such rearrangements which could be contributing to

the technical difficulties encountered in this attempt to iso~ate a mammalian

homologue of the hepatitis B virus X..gene.

In conclusion, it can be said that there is evidence that the hepatitis B virus

does share homology with the retroviruses. and there:. is also some

theoretical evidence for the X-gene having been derived from a mammalian

host at some point during its evolution (discussed in Section oJ). The

evidence comes mainly from the data on the HBV X-gene codon

preference. The bias of basrlS in the third position of the X-gene is different

to that of other hepadnevlrus genes and is not typical of eukaryotic virus

genes (Table 5.1). Tl1is data on the codon preference is however perf J

not conclusive. The A+U/G+C ratio of 1/2.5 of tha X·gene is nowhere

near equal to tha 1/50.7 ratio of eukaryotic cell genes. (It ts perhap~ also

significant that the X..gene sequence codon preferenoe is simi~ar to that of

phage and prokaryotic cell genes - Table 5.1).
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The peR technique is to very powerful method for the amplification of small

amounts of tiNA. Untortunatelv, this property is also its weakness in that

non-specifically amplified sequences are easily generated w as was the case

in this attempt to isolate a mammalian hornologua of the hepatitis B virus

X~gene. A methodological approach, using asymmetric reamplification/ for

the easy detection of non"specificaUy amplified X..gene sequences is

presented in the following Chapter.
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6,1 INTRODUCTION

The polymerase chain reaotit:m is being used increasingly for a wide v8riet~:

of applications. In most cases, confirmatip~of the identity of the DNA
!i - ,(
I

which has been amplified is required, tor I~xample the attempted laotatlon

Of a mammalian homologue of the hepatitis B virus. X-gene described in the

previous chapter. Size determination is not always a reliable method of

verification. Non-specific amplification often produces DNA of simifar size

to that which is expected.

Confirmation protocols have traditionally includ&i:!J a combinatit)n of

Southern blot hybridisation with an internal probe, rGstrittion mapping and

direct sequencing. Thase methods araofientima consuming, expensivaand

sometimes technically demanding.

Recently, simpler methods have been devised. They inClude the so called

'hot"blot' oligomer extension n\~thod of Parker and Burmer (1991). In this

procedure, an and 1abelledoUgorrKJrcomplementary to an internsl saqlJEmCa
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is used for liquid hybridisation to an initially amplified DNA sequence. Thfi

reactlon mixture is'then sllbjected to one cycle of peR and the products

,nslyzed by electrophoresis and ~utoradiography. Hybridisatinn of the

nested extended labelled primer, and therefore confirmation of the initially

amplified DNA sequence, is indicated by a band at the appropriate position

on the autoradlograph. Another method recently developed uses AMV

reverse transcrlptase for the extension of a labeHed internal primer which

hybridlses\1 to the initially amplified DNA (Kaluz and Reid, 1991 J. This

enzyme extend! the labelled internal primer more efficiently than does Taq

polymerase.

A third protocol which has recently been devised includes three primers in

the initial PCR reaction (Kai st81, 1991). After the reaction, electrophoretic.

separation of two amplified fragments. of approprlato sites is confirmation.

The advantage of this procedure is that no radioactivity is required.

The simple procedure described hare is. based on a double amplification

protocol. DNA is initially amptified using conventional procedures and a

small amount Is 'then subjected to a second asymmetric peR step where a

single internal primer hs used to amplify a shorter DNA fragment. The DNA

produced from the first PCR step is present in sufficiently high quantlttes
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to allow 5ignific~nt amplification to take place' during the saeond stage evan

though only one primer is present. electrophoretic resolution of tha

extended internal primer DNA with size comparison to a cont~' DNA

fragment.allows confirmation of the originally amplified DNA. The principle

of the tet:hnique is outlined in Figure 6.1.

After as few as five cycles of re-amplifleatlon, the extended tnternat primer

is detectable by electrophoresis and autoradiography. More cycles of re-

;kmPHflcatfon allow ~asfefdeteotiofl by standardethidiurri~\rOmjde staining.

~ ~
,\1 ~)

.i
The method is specific ln that it is dependentonpreci$e hybridisation of the

intarnaJ primer .. a single base mismatch may re~.l.;IJtin lack of primer

annealing and theretore extension. The use ot only one primer during the

second amplification step results in slower linea" amplificatIon of the

smaller fragment. The logarithmIc amplifioation o'f artefacts is thus limited.
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2nd .tep: R.-.mp!lffoaUon
with a .lnQI. Internal primer

a -~I 3

+

+----
Singte air.Oded DNA

fhly[i 6~1,Diagrammatic representation of the asymmetric re··amplification
protocol. The Initial step Involves conventional peR amplification with
primers 1 and 2 ..each used at a concentration of O.25pM. it An aliquot of
this reaction mixture is then used as template for rs..ampUficatioausing one
lntarnal primer 3 at a concentration of O.25pM. Primers 1 and 2 are diluted
{O.005pM) and do not contribute significantly to the re-amplification. The
products of the amplification steps can be electrophoretically resolved and
are the double stranded larger and smaller fragments as well as a smaller
single stranded fragment. !lMismatching of the internal primer (3') results
in a lack of hybridisation and no extenslon. Theretore, only the large.- DNA
fragment produced during the initial amplification step is discernible after
electrophorests,

.r :
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.\ The protocol is rapid am~.simple in that no probe labelling or DNA

purification. steps are required. Inclusion of a smaH amount of a

radlolabellad daoxvnucleotlde triphosphate does however make the

technique very sensitive.

The methods used were those outlined In Section 2.1 of "he Materials and

Methods Chapter. The initial template DNA wes the recombinant SP64 HaV

X-g9ne plasmid constructed as described In Section 2.4.3. The primers
-

used are indicated in Section 2.7 of the Metho(Js Chapter. 'Their positions
p

relative to the $P64 HBV X..gene clone and tn'$. HeV genome are depicted

in Figure 6.2 and TabJe 6.1 respectively.
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SAIB/C/O/E

BamHI

HBV X-gene
SP64 plasmid

figyft jLj~.Diagrammatio representation of the HBV X~gene SP64
recombinant plasmid and the orientation of the primers (numbered arrows)
used in the asvrnmetrlc re-empllflcatlon protocol. The X-gene fragment is
depicted as the shaded area between the Xbal and the BamHI sites of
digestion. The approximate locattons of 'e SPS RNA polymerase promoter
and the amplclllln resistance gene (Amp R) are also Indloated. The diagram
is not drawn to scale as the length of the X-gene fragment Is 396bp and

o~>::'t~~ SP64 plasmid DNA comprises approximately 3000bp.
~ ::z'
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Primer Hav Nucleotide
positions

1 CCTTTGTTTACGTCCCGTCGGCGC sense 1420-1443
._------+-----------------~-----+---~--------------~2\l CTACAGCCTCCTAATACAAAGACC aritisanse 1188-1765

1/
,'/

!,

S IS)CGCCCA~CAGATCCTGCCCAAGG' sense 1625~1648~--~.~----------------------~------~----~------~-: \\

vr

Sequ~nce (5' to 3')
ff'- ';

GGTGCTGGTGCGCAGACCAATTTG antisense 1816-1193

3A

3B

AGATCCTGCCCAAGG sensa 1634-1648

3C

30

AGATCCT,QCCCAAGG sense 1634....1648

315

AGAl'CCTACCCAAGG sense 1634-1648

IebJe.DJ. Summary of primer nueleotkle sequences and orientation on the
HBV genome. The bases of prlmers 3B to 31: lndlcated In bold print and
underlined represent tnosa whlch were mlsrnetcned. The sequence of
primer 3A Is the normal.

"AGATCC12CCCAAGG sense 1634-1648

AGATCCTGCCCAAG,Q sense 1634-1648
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fi.2 Bt:SUl,jS ANt} QISCUSSION

6,211 OEMQNSTHADON Qf tHi MetHOQ AND IMPRoveMeNt Of THe

~$lnYIIY BY !He use OfAMOIQACTIVELY l.ABeLLEQ..NUClEO)1DE

Figure 6.3 A shOWSan agarose gel staln$d with ethidium bromide after

electrophoresis of samples prepared according to the amplification

procedures outlined in Section 2.7. At least 15 cycles ot peR ra"

amplification were found to be necessary to detect the smaller DNA

fragment by st(7.lnlng.Also, when using a larger amount of template DNA

tor the re..amplification (Spl instead of 1pl from the initial50pl peR reaction

mix) the bands were more easily discernible after staining (Figure 6.3, lanes

A4 and AS). An indication of the degree of increased sensitivity of the

method resulting from inclusion of 32p-dCTP during the peR reaction is

clearly demonstrated by the comparison of fanes A4 and 64 of Figure 6.S.
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A
1 234 5

B
1 2 S 4 6

368
163 •

EISJY[i§,3 A. Electrophoretic separetlon (ethidium bromide stalr.ed 0.8% i \

ag1uose gel) of hepatitis B vlrua X-gena DNA. Amplification was with ..
primers 2 and 3 (both O•.25pM) (lane 1) or primers 1 and 2 (lane 2) and the
SP64 X~gene recombinant plasmid as template. The orientation of the
primers and their location relative to the nucleotide posltlons of the HBV
genome ore described in figure 6.2 and table 6.1. Control re-ampliflcatlon
using original template DNA with primers 3 (O.25pM) and 2 (O.005pM) is
depicted in lane 3. 1pl (lane 4) and 5pl (lane 5) of DNA amplifletl as for Jane
2 (from a SOpl original reaction mixture) wa~ re-amplified using only primer
3 at a final concentration of O.25pM. Re..ampllflcation was for i5 cycles.
Details of the protocol are described In Section 2.1. The base length of the
bands detected is depicted on the left.
B. Autoradlograph of the gel shown in A (15 minute expos~~retime) .•

229



6.2,2 DETEBMINAnOfj Of THE NUMBea DE AMPUflQADON OICI&S
\';

REQUIRED FOR EXTENSION Qf lHE INlDNAJ.LX ANNEALING PRIMER

The 163 base fragment, representing the extended internally annealing

primer I was detectable after only 5 cycles when using a rad~olabetlad

precursor (32P..dCTP) during both ampUficaton steps. This is sh\lwn in Figure

6.4, lane B2. The fragment was however more eaeily seen after 10..15

cycles of re-amplit!catlon and a markedly shorter autoradiography exposure

time {Figure 6.4, JanesA4s A7 and A 10}.

The use of only one primer in excess during the ra-ampliflcatlon results in

asymmetric synthesis. As a result, most of the DNA produced during this

step should be single stranded and the amount will increase in a slower

almost linear rather than logarithmic fashion. Thus, the template DNA for

the fe-amplification needs to be present in relative excetls for sufficient of

the sman~r sized DNA fragment to be produced. The production of
,:<:::~----~---:~:::;::-,)

truncated products by Taq polymerase can be eliminated by incraesing the

number of oycles of re-amplifioation. However, because the :os-amplification

is asvrnmetrlc, logarithmic amplification of artefact DNA is mimmised.

Electrophoretic mobility of single stranded DNA is not always reliable
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according to its molecular waight (Sambrook at sl, 198.3). This forms th$

basis of the single s~randad conformational polymorphi$m protocols. for the

detection of point mutations {Ofite et aI, 19898; Orita at 11/, 1989}, The

results were similar regardless of electrophoresis under native (figure 6.4)

or denaturing {figure 6.5) conditions.

The re,ults of the control experiments depicted in Figures 6.4 and 6.5

(lanes A3, AS, A9, B1, B4 and B1) confirm that there was undetectable

amplification when using the original SP64 clone as template and pnrners

2 and 3 at con~,9ntrations as present in tnQ re..ampUfications (O.OO5pM and

O.25pM respectlvel.y). Being 8 circular molecula, the 5' and 3' ends of

plasmid DNA are not defined 8a they are In the 368bp template DNA

fragment. The Taq polymerase enzyme therefore extandsthe internal primer

to a defined point at the 5' and of the .!d~i~anyampUfied DNA. Prirmtr

extension from the' oircular plasmid DNA template would be variable.

{i
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A
1 2 3 • 5 6 7 S 9 It 11

B
1 2 345 ~ 1 8 9

fmurl ti,! ElectrophoretIc separation (0.8% agarec get followed by
autoradiography) of amplified ~nd re"amplified HBV X"gene DNA Qrap&md
using the primer, described \\~nfigure 6.2 and tabl6 6.1. Lane A 1 ..
amplification using primers 2 ar\\(J 3 (both O.25pM): lane /-,2 ~amplification
uSing primers 1 and 2 (both O.25pM); Lanes A3 and AS .. control fe ..
amplification using original SP64 X·gene clone template 0 "JA with primers
3 (0.25pM) and 2 {tl.OO5pM}; Lanes A4 ancj A7 .. 1pl (from a SOpl original
reaction mixture) of DNA amplified as for lane 2, ra..ampllfied using only
primer 3 at a finat concent"ation of U.25pM: Lane AS ..DNA prt!)pared as in
A4, but using 5pt of arr.olifh~d template DNA: Ltl!16 AS .. 1pl of DNA
prepared as for lana 2 and re-amplified using primar 4 (O.25pM). Samples
represented m lanes A3 to A8 were subjected to 15 cycles of re...
amplification. Those in Janes B7-9, B4..6,. 81 ..3 and 11.9..11 were similar to
AS-a except that re-ampUflcaf 1nwas for 1,2,5 and 1.) cyclas respectively.
The base lengths of tha b~nds detected is depicted In thfJ left. The
autoradlograph shown in A was obtained after exposl.,creof the dried gel for
20 minutes, and that in B after 120 minutes exposure time.
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t-1 <:{"
M All M M At A4 1.'1 A4 AC A'IV An

I)

11 at'" 1M .. M B7 aa ••
It

368
163

o I
!

Ef9J.lt1l a.B The. auto radiograph depicted in this figure represents
electrophoresis of samples prepared in 8 similar way to those in figure 6.4.
The DNA was ilowever subjected to ~Ikalln. denaturing 0.8% get
electrophoresis. The lane numbering is th. same as that given in Figure 6.4.

233



The distinction between single and double stranded DNA Is barely

discernible using non denaturing polyacrylamide gel electrophoresis. This

is depicted in Figure 6.6 where a doublet can be seen in lane 4 and to a

lessar extent in lane 5 after 15 and 10 cycles of re..amplification

respectively.
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$$de

368

flgU[1 6~6 Electrophoretic separation Hi% polyacrylamide gei} of HBV X-
genl3 DNA amplified utdng primers 1 and 2 (both O.2.5pM) (lone 1), ~rlM$r$
3 and 2 (botr 0.25pM) Uane2), control re-ampllflcatkm using origInal SP64
plasmid template DNA with prJI'Mf' 3 (O.26pM) (lane 3}. 1pi' of DNA
amplified 88 for lane 2 WillS re..arnpUfled In 50pl using only primer 3 at ,.
final concentration of O.26pM lor 16. 10, 5, 2. and 1 c'lcles (lanes 4 .. a
respectively). The sizes of the bands detected is depicted on tha teft (base
pairs', end their slngle (8S) or double (ds) stranded nature is shown on the
right. (The I.trlpe' extending from the upper left to the IOWillf right side of
the gel is an artefactual effect of the tubes of the UV transilluminator.)
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\\

U3 SPECIBCIIX Of 1M&;INIEMkDQN DE :rHe INTERNAL fRlMER

WlIH Itt~ INITIALLY ANIf!UEUil) DNATEMfLm

Primer 4 was initially used as internal primer to test the specificity of the

re..amplific$tion step. It is located outside the sequence of the DNA initially)
d

amplified using primers 1 and 2 (SM Figure 6.2 and Table 6.1) but its

complementary sequence Is present within the SF-54 X..gene clone. The

absence of detectable re~amr,Uflcatlon fH)m this primer is depicted ln FiglJre

6.4 and 6.6 (lanes AS, A11t S3, 86 and 6S).

In order to determine the affect of contaminating DNA on ra..ampliflcationt

a series of experiments was performed using non-specifically amplified DNA

as template. Figure 6.7 shows that whl.Q used alone, contaminating DNA
"v, ,

does not prodUCe extension (lane 4).Whan the correctly amplified DNA Is
I')

added to this reactlon mixture, there Is datectabie extension from the

internal prlmGf (Figure 6.7, lane 6). This. implies that the re"amplificatlon

step is dependent on the s.pecific hybridisation of comptementarv

$,'aquencasot the internal primer and thG amplified template DNA.
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Eigunr fi12 Electrophoretic separation (ethldium bromide stalned 1.5 %
ag$rose gell of DNA amplified and re"amplified S$ in Figure! 6.4 lanes A2r
A 1 and A4 represented in lanes 1 to 3. DNA in lanes 4 and 5 was
subjected to re-amplificatlon for 15 cycles u$ing non"speciflcaUy amplified
DNA as template without Jlane 4) and with (lane 5} the addition of DNA
amplified as for lana 1.
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6.2.4 PEIEBMINADQN OF THe EffECLOE SINGLe MmMAICHEia ON

exreNSJON Qt: IH; INtERNAL efUNER

Hybridil$ation of short oligonucleotides to ONA is a specific method for the

detection of small mutations (for example point mutations). "'(his technique

is based on the decrease in melting temperature (Tml caused by

mismatches within an oligonucleotide hybrid (Bonner et a/, 1973).

Manipulating the conditions of hybridisation allows thase changes in Tm to

be detectable by determining. the extent of oligonucleotide annealing

($ambrook er st, t9S9).

Conventional symmetric peR does not anow easy discrimination between

the DNA ampliflilld from mismatched and normal primers. Although the

efficiency of mismatched primer hybridisation during the early cyclErSof .

peR is IOWI thar$ is inavitably $oma annealing followed by logarithm!c

amplification to produce DNA which Includes the mismatched prlmerls and

oomplementary sequances, The size and amount of this amplified DNA may

thus be indistinguishable from the DNA which is produced by parfectly

matched primers.

A different peR approach, using 3' mismatched pnmera, has been used for
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Neubauer et st, 1990). This method relies on a confo.rrnational change

occurring at the site of extension by Taq polymerase and this enzyme is

inhibited as a result. It has nowsver been found that because of the

efflolency .01 logarithmic DNA amplifit~( :.on during peRI a single 3'

mismatch is not always sufficient to decrease DNA synthesis significantly.

More than one mismatch at the 3' end of a primer is often required to

the detection of aman mutations {Okayama at ai, 1989; KWOK et aI, 1990:

A r()ugh estimation of the Till o'f the perfectly matched primer SA (Figure

detect a mutation iMain (It aI, 1991). Tha reason for this may be that once

a mismatchCj.\)prirlulr is 'ncorrectly extended, the mistake will be amplified

logarlthmlca~ri, and the presence of at least two mismatches minimises

non-specific amplification.

Analysis of the specificity of internal primar annealing during ra-

dmpl!ficatlon was extended to determine the effect of single mismatches

on extension.

r,
; f

6.2 and Table 6.1) iG4SoC (ltakura etal, 198~,).At annealing temperatures

of 500C and 600e however there was easily detectable extension tram this

internal prImer as was shown b\ the production of the 154 base fragment

(Figure 6.8, lanes 3 and 4). Mismatched primers 3a. 3C and 30 (see Figure
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6.2 and Table 6.1} failed to praduca detectable extension when the

annealing temperature W~~,SO°C (Figure 6.8, lanes 5-7), Primers 36, at
and 3D cqptained Single substitution mismatches at the S!h position ·of the

15 mer oligonuclflotide. Ae-amplification with primer SEt which had a 3'

end mismatch (tabls 6.1), results in failure to produce detectable extension

(Figure 6.8, iam~ 10)·

The effect of the linear versus logarithmic amplification on the specificity

of the ampllfi(,tfon was tested by usIng two primers for the re- ,

amplification: one internal primer whIch had the Single mismatch at pOSition

8 (primers 38-0) and the ne t1'a1primer 2. The results of this experiment

sre depicted in Figure 6.8. Here it fs shown that despite the mismatch at

the eighth position, there was easily discernible symmetric amplification at

annealing temperatures of 50°C and SOOt (Figure 6.8, lanes 8 and 9). This

ampli~icatiiln was on a scale similar to that detectable when using the
,\

normal internal primer. The additional largest DNA band seen in fanes 8 and

9 is an artefact which was often produced during symmetric logarithmic

peR using the conditions described in these experiments.
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1 234 5 6 7 8 9 10

164
368

f!gyrg Q,S Electrophoretic separation (ethidium bromide stained 6%
polyacrylamide nun-danaturlnq gall of amplified and re-ampllfled hepatitis
B virus (HBV) X-gene DNA. DNA depicted in lanes 1 and 2 represents the
control size markers with their base lengths indicated on the left of the
figure. The band in lane 2. was prepared by standard symmetric
amplification of the SP64 X-gene plasmid using primers 1 arid 2. lane 1
represents DNA which was amplified using primer 2 and primar 3 (sense
sequence 1834 to 1648) 5; AGATCCTOCCCAAGG 3'l. An aliquot (2%).
from a PCR amplification reaction of DNA prepared as for lane 2. was re..
amplified asymmetrically for 16 cycles using only pritner 3 (normal
sequence) and annea!ing temperatures of 5~QC (lane 3) and 60 c)c (lane 4).
C:;lmllarre"amplification with primer 3 sequences mismatched at the 8th
base (C, A or T Instead of G) is resolved In lanes 5 to 7. DNA which was
produced after symmetric re..amplificatlon using a mismatched primer 3
(sim~lnr to that used in lane 51 and normal primer 2 at annealing
temperatures of 500C and 600C is depicted in lanas 8 and 9 respectively.
The DNA in lane 10 depicts separation of DNA re-amplified with the primer
3 sequ~ncemismatchad at the 3' end (C Instead of G). Two similar gels run
independently (lanes 1 to 1and 8 to 10) are depictec:' in the figure.
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G,3 CONCLUSION

The procedure described here is markedly quicker and simpler than most

previQusly described methods such as Southern blotting. 'hot blot' (Parker

and Burmer I 1991} and reverse transcrlptase (Kaluz and Reid, 1991) for the

ccnfirrnatlon of amplified DNA. Steps such as probe labelling, blot

hybridisation and DNA purification are not necessary.

The method also has a distinct advantage over methods which use three

primers during the first amplification step (Kai et 8ft 1991). When using

such a prctccol, one may conceivably get arteractuaJ logarithmic

amplification from different points of the template DNA.

Decreased meltlng temperature. conformational changes at the site of

extension by Tsq polymerase are probably respons~ble for the observed

differences between 1;vmmetrlc and asymmetric re"amplification. ThC'

inhibitory effect of single base mismlltches or primer extension during.•
. /1 .

I;

/1

asymmet .."-: re-ampliflcatlon is a useful prC)pe,ft;tywhich can be exploited to
,

assess oligonucleotIde and template DNA sequence complementarity.

With the exclusion of labDrious and costly steps, this procedure could be
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applied in many peR protocols where tcnfirmation of the amplified DNA
,",

product is requireo';
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