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An investigation has been made Into aspedts of the "sxpressiqn of
cncogenés in normally d_tviding cells a_nd in hepatoceiiutar carcinoma {HCC).
 HCCaccurs commonly in Southern Africa, and the agtiology of this tumour

is associated with hepatitis B virus (HBV) infection,

' c-.erb#, c-mye and e-fos hut not o-Ha-ras mBNA wors élevatad ir; "ltumzsurs '
andﬁ adiaca_nf hepatic tiésga frnr}-t the sama patiahts. whan compéraﬁ 1o | '
nnrma! Hver, Amuunté ﬁf Fos g Myr:'._prntaiti in' the iivé: tumn'ur'. |
spacimns war& ﬁlsﬁ raised, ?hara' wag some corrala_’ﬁon batween the
patients’ serum tr-fe’tépr_atain conﬁ:entrétidns, h}_":staiagit':&l featums_ of

tumaur differentiation, c-myc and c-fos expression,

. Exprassidn of c~fa$ snd c;}nyc ha_s hean mportat:ii tﬁ be olevated affer
st!mulaiion of calté to aivide, 'as ucc_?.urs duting liver n}ganeraﬁnm Thig was -
corroborated by the finding that c-myc, nfoa and C-jun mANA
cancentratinn_s wrard inéreasnd iﬁ..cu!turad 3718 r_ndus_é _ﬁbrablasts' following
treatment Witﬁ slkaline medium as a mitogenic stiz_nufus. The time couraa
of the bxpra‘ssion of theses ancogenss was sln&_ﬁar tn.'-‘;h;:t réportad éftsf

growth factar stimulation.

The HBV X-gene may be resgonsible for Increased oncogene expression i{ﬁ
HEC as a result of its documented irens activating properties. This wr&!

gane is unusual in that it has a codon prefersnci-which is similar to that of



- pukaryotic celi gsnes. Aisn HBV may have evalved from & similar aucastral

© virus 10 that g!ving risa 10 retrovirusas. Thase idsas suggsat that the HBV_

x-gana is & vlral nncugene darived from a host hamulogne.

ammy

Low '._stringericv,f '&arthar;x_ blot hybridisation uainﬁ a X—nane proba

__.damhstratw a murine transcript in heast and thymus. 'Attémpts to isolate .
the sequence from mouss heart and thvmua- eDNA !tbfaries wem
unguccessiul desplta axtensiva scraaninq with sensitive probes (SP6&
_ polvmarasa und PCR labeited x-ngamp ffagments}. C:onsawad X-gong .

saquancas wars aiso usad for the desigll} of pr:mars in 3 FCF! basad mathod _

i
aimed &t isolating A mammaiian saq}mnc&. No slgniﬁcant saquence

hamalnuv was fuumi batween the HBV\% X-geng and m\.A amplif!&d fmm_

gemmic and cﬁNA ilbranx template aouﬁ\:as. The FCR pmducts atppaared |

to have been artafmts of amphf‘cation. l“gﬂum 1o datect the homologous

)
gene mav have rasuatad from poo* campid\mamaritv hatwaan the viral anct _'
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| Non«apaciﬂc ampiiﬂ::atian ia commoniy anct\umarad when us?ng PCH A __ |

 quick aavmmetrlc ra-ampliﬁaaﬂﬂn mathod \med on axtamsu.n o! an

intarnatly hybridising x-gan«a primar was dev!sm;l to gonfirm F!CR prndut,ts. '
The method was smiﬂn ir; that ever »slngle basa mismatche: bﬂtwsan tha N

imernal primer and tamplate raauited in. ‘a*ruta of detantable cmmar :

extansion. | . Y
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it has fong been knavim_ that there is a genetic ﬁasi_s to tha cause of cancer,
indead, it was as early as 1820 that a rept_jrt appearedhin the Edinburgh
Madical aﬁd Surgicai Journal by Wiliam Norris whish sungested that
malignant me!anomaé Qccun'ad maore cummoniv ina parti:_:u'iar family

* {Bighop 1987).

' taubsaqvanﬁy, thers have bean other imas of evidence suppnrtxag a geneﬂc B
basis for the daveionment of cancar:
1) generaticns of cancer colls of 2 particular mahgnancv display &
) | _s;m:!ar abnormat phanotype » lmplymg that the ::harat.tanstzcs of
cancemus cells are pa.:.sed o i‘mm parent 10 pmgenv ceils.
.2) many ¢ancers display abn_armaiztles of chromosomai structura.. and
| 3) thé chemibals ﬁ'hich héve daniégihg effects or DNA mﬁy also __z#ause

cancer,

- A large number of vertebrate genes has baen shown to hayé the potentis!

to induce malignant transformation. There are two important classes of
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'thase genes. Thay are termed oncogenes and tumour Suppressor genes
" {ant-oncogenes), Mutations within thaé.t genos are raspohisibiafo'r changes
in the control of normai cal} dwiskm and dirfurentnation whlch laad (1]

; malignant mnsfmmatann {Bishap, 1991}

Perhaps the most fundamental insight Into the iole of ongogenes in the

N _ de\éa&opmelit of cancer came fwm studyinn the-:tranafar'ming typs ©

' ratravirum it wag in fact thmugi‘; analvsis of thase FNA viruges that

nncuganes Wers d*mavamd {Bizhap. 1983)

Tiwru Arg easnntiallv tWo typas of retrovirus, via. acute and slow

- transformivg ratrmziruses Tha acite transfarm 87:3 ratmvxmm Jiffer from

the slow transforming viruses in gr;;at_mmbars of this type of retrovirue
possess sqécallad virai-uncogam {v-onesh Thm oncogenas confer the
ablity to Induce malignancy efficienty and with & shart iatent period. The
wall described Rous sarcoma virut belanns t0 this ;mup Stehalin of &/,
1976 Bishﬁp, 1983).

There ls a number of aspects of retroviral replicaiion which is important in



.

| understénding their acquisition of oncogenes (Varmus, 1- ag2; Bishbp, N
39§§! Shortly after infactmn of t:eila the RNA retroviral genome is copiad
into-a Iinear doubla strandad mlA maiecuia through the action af retmwral_
revarse transcnptase. Synthasis of ad:dﬁwna! sequences at aither end of
this'DNA,io-caﬂed !gng.terminai repaats {LTﬁs). takes place &u'ring this

' : : <stap. The i-.‘i‘ﬁs' ara derived from & combination of sequencas prasant at the N

3’ end (U3) the 8’ end {U5) a:.bc“it'h ends {R.};f the retroviral RNA genome

and tha the structure U3-RUS, Tlntegration of retrovirat ON& into the hoet

genome is a ragular pragess of the retroviral life cycle and is reguisted by

tﬁa'sc% .L_Tﬁs. ‘they aré attﬁchad dirsotly to the callular genomic DNA 10 form _ .

~ @ stable provirus structure Tha sitas at which retmviruses integrata into |

the host call DNA anpear to be randnm but transcriptional{y at:tiva regmns

may ‘be preferred {Schardin st al, 199@). :

Apart from the LTR 'saqua'nca's, mé:; are 'thma impnrtant genes within the
rat'oviral genoma Narmus, 193:"* Rishop, 1283), They are the: 1) gag
. gons which cudns fora prateln which is ragponsible for the packaging ot |
the retroviral RNA in the virus particie; 2} po/ gene which encodes &

pniymer&se enzyme wh!ch has pmparﬂss of raverse tramriptian and Jithe

_env geng which ancodes the anvalnpa nlvcnprotain found nr: the aurfaca

of the retrovlrus particla

W



Aftér. i;ﬂagration o.f' thé p?dvirus DNA into itha ha.ist.. the s.teps: éf viral
| rephcatron arg camed out by the host ceil snzymes. V:ra‘ RANA i3 |
svnthesused by cellular RNA polymerass il, and iranscripts rnay serve gither |
as mRNA for viral proteins or as new genomes {\{ermus, 1982; Bishop,
19831 Examplsé qf th‘é Strucfure of iﬁt_egrata'd provirus DNA of acute and

- slow transforming retroviruses are given in Figure 1.1, N

One of the most important concepts concerning oncogenss emerged from

the demonstration that viral oncogenas are derived from normal vellufar < -

. genes {c-oncs} which are highly conserved i, evolution {Spector et &,
1978; Shibuya et &/, 1980; Shilo and Weinberg, 1981; de Feo-Jones et a/,
~ 1983). They are acquired by the viruses through a process of anomalous

recombination during integration of the provirus inte thg host garntama, This

wﬁs first dermonstrated in a study on tha VeS¢ oncdgana by Bishop andhizs

'r‘owcrkars (Stehelin st &f, 1976; Bishup, 1983) Oucogeﬂa mcorpnratton
mm ra‘rawruaas usualiy rasults in structurai dxffarencas and atterect rates_
' _cf tvanscrzption 1o account for the transformmg pmpe:ties {Gaidfarb and

Weinberg, 1981; Swanstrom m.ai, 1983;"1‘&&3?& andg i—ianaf{asa, 1983).
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Figure 1,1 Schomatic renresentation of integrated provirug DNA of a slow
transfarming retrovirus which doas not contain an oncogens (A). Integrated
provirus DNA of the Rous sarcoma acuts transforming retrovirus containing
the sre oncogene is depicted in B. Transaription of tha integrated proviral
DNA by host cellular RNA polymerasa i vields RNA that servas as templaty

- for the synthesis of gag, pol, env and sre retroviral gene products as wal
as progeny genomes. Adapted from Watsan et &/ (1987),



‘The transforming potential of cali;dar ONA was aanfirmad by an important
spudy which demonstrated th_at-trénsfedtion of euitured 'ceti_s_ with normal

DNA fragments i capsble of causing transfarmaﬁné {Coopar at 2, 1980).

* Comperison of the sequences of normal cellulé oncogenes with thass of
 thair mutated derivativas has revealed insights Into the mechanisma of

- &ctivation of uncogenes. -Activatlon may assentially occur through changes

it the voding sequances of the gene so that a mutated protein is pmducé&,

- orelse, it may occur as a result of & mutation or amplification that affacts

~ the rata and/or timing of transcription of 8 structurally unattered oncogene.

Since their initiat discovery, the number af known celluler oncogenes has

4

increazed dramatically. Table "1_.‘1_" ghows a cinssification of thosa genes

 according to their callular lochtions and known functions {adsptad from
Mortls 11992) and Sleeman (1992)) Cellu_tar oncogenes have been found

to contrdl many normal cellular functions which are usually concerned with

| prolifaration and diffarentiation. maga functiona include actions as growth

factors, protein Kinases and nuchar scilvators of transcription,
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' .Thaf coll cycia can be defined :as 'iha’ period bst‘wéen th'a formation of a

~ daughter cell, by the division of & mother cefl, and tha subsequent time at _

which the cell ﬂlvides to form two more daughter cnlis’ (Mitchisnn, 1971 L

| This purlod was nrlginally dead into two phasas intarphass and nmuais. -
'Pianeermg work dane in the 19508 {Howard and Pelc, 1961; 1953)

~ demonstrated that DNA synthesis ocours during the lntarphase Thasa'

warkers divided the cell cycle into four sta'gas: 1} G, phaae (Qap 1) which

Isthe zme'waz batwean mitosis and tha anset of DNA synthesis; 2) Sphase

during which time DNA repiacat!gn takes placs, 3) G, phasa {gap 2} is the

_irterva! batween the and of § phase and tha ﬁammncement of 41 M phasa

| lmitasisi when the ahromosnmes cundansa. and cvtokineals Ig comp‘atsd

The phases of the cell cycle have bean "fijrthar'char'act_ariséd by the

Identification of the so called G, phase and » TD stats. Llﬁll-;lnq axtﬁrnél

g;rawth fat.to'ra and nument&, ;S'r by growth of cells 10 high density, can |

~ influence cails to enter & quiescant {G,) or warminally diffsrentlated {TD)

‘stata {(Carpenter and Cohen, 1979; Stles ot al, 1979; Barres and Seto,



1 980* Rozengurt, 18983}, The term G, phase was originaliv é:eined by Lajtha L

{1963} to designate the atate of quiasaem of calls which tf§¥Gould ieave

fer tha G, phass upon cnmmncsnwnt of givigion. Subaaquant to this .

original postulate, a com:derable body of avidam:a has implicatad G, as
baing & distmr:t phasa ol the coll cyclq {Torada and Graen 1963, Toredo et
* af, 1965; Hollsy and Kiaman, 19&8 Brooks, 1969; Ley and Tohav. 1970,

:‘ramm, 19?1 Roxeﬂaun:, 1988). Stimulatinn of quiescant cells in tha G;

phaaa, with {for example & growth factnr, csuses them to pragress towards

the § ghamnf_ the cell cycle and become committed w_-divislon {Pardee ot

.l 1878; Wharton o #, 1982; Baserga, 1985; Prescott, 1987).

’%‘mnsfnrmed celis frequantlv do not anter 2 phaso of growth arrast (G‘g} . |

Bven whan they ara daprlved of nutrients ;Bursﬂn af af. 1 974, Cholon and
Studzinskl 1974; Pardes and James, 1975, Ba amaw at al; 19786).

B

The phases of tho call oycle whk:h hava baen describad are dapicted
dnagrammaticaﬂv in Figure 1.2.

it
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E!nm:e.l.ﬁ D:agrammatm mprasentatmn of the phasas of the mammallan-
cell cycls {explained in the text). Colls may exit the cell division cycle and
srter G, which is a st:e of quisscance. These quisscent cells may then re-
entar the call cycle at G, when active division again commences. Some
cells axit the csll oycla atter M and terminally differantiate (TD). Thase cells
do not entar the cell ¢ycls again {from Soprano and Cosenzy, 1992),

10



After mitoganlc stimulatinn uf é cell, thr}m is & 'polnt during tha G, pha'f:a |

| at which it may elther commit atself to DNA syn‘thesm and carry on m

divide or else it nmy entsr a state of quisscencs. This is *ha ao-t:aﬂad N

~ rastriction or K'point of the call cy_cle IPan_iee, 1974},

In a study on BALB/c3T3 mouse fibroblasts, two additional -_cbntrat_palnts '

~ dor Gy to Gy transition ware identified (Pladger et &/, 1977; 1978). The

expariments were based on & -k_instic gnalysis of the mifaganic effects of.

the two ma]ar components of serum, platelet ﬁorivad grawth factor (PDGF)

and plata!et p-wr plasma (PPP) It was shnwn tha;t PQGF t:eatment

———

rendarad Tells compatent tn respond to further growth mtom containad in

 BPP. Other experlments which entailed defining the timing of the growth

factor requirements by cells for transition from G, to G, enabled

1dant:ﬂcation of the manad V and W goints. The V nolnt ls midmy_ _

hetween the Gq to G, transition and raqulm PPP for the ceils to pmnrolls -

to the § phasa {prograsalon factars) The W polrt is simllar to the
prevlously describad R poing, and a1 thix staga, colls are sommitted to amar

the L phasa PPP and PDGF thus appaar o ba raspansibia fnr diffarant

activfties in the activation of calls to dtv%de. ‘i‘reatmant of BALB/c 373

mouse ﬁbrablasts with PDGF results in their attaining a compstant state

after which thay are able to respond to progression factors in PPP and

1



2,

 pragress to the § phase. o

The normal controf of cell division is & complex and diverse process and

- there é'ra_ numerous possible inputs for ragulation. The role of oncogenes
| in the éell cvclé is discumd here. Other regulatury'elaments, paitlcijlarly
. the cvc!ins, hava recently baen mviewed {Huntar and Pings,. 3991 lew and

Read, 1992 O’F&rrall, 1992, Saorano and &‘.:orenza 1992)

Qne o‘_f the earilest detectabie events following growth factor stimulstion

of quiasc,&nt sails in t_hé G, vhase involves the induction of immadiate early
of comp‘atoﬁce qamas {saé 4.1.1}. Protein av‘nthasis inhitsitore do fiot affat:t
their qxprassmn (Lau and Nathans, 1887). They inc!uda the nuclear calluiar -
protonncogenas c-tos. c-myc and c-jun.
The ﬁ#myé transeilpt is not aasily ’dﬁ'iectable" in quiescent calls, a_nd the
increass in its ctmt_:er:tratiqn is approximately 20 to 40 fold after growth

factér stimulation of 313 .ﬁbroblasis {Penhardt ot &/, '1986). The c-myo

12



: gane has been faund toha ﬂ'laximaallstI axpressad appraximatalv‘t 15 hours
~ anter stimulation of quiescent 3T2 mouse fibroblasts to divide. The
c_ahcentmtiong\‘of_ both the c-myc;_mssa_nﬁar RNA and prote.1 decreass E
rapiﬂly, but imay remain dsth'ctab}a up 10 24 hours aﬂar stimulation
{Morgan and Piadgar. 1989; Parsson et al, 1986). The sncrease in the
| transcr!pt eancentratzon ia attr:butabla 10 both an increasad transcaptian |
rate as wall as an increase in sha rate of post transcriptional processing of |

omye mRNA {Mornan and Piadger, 1988; Pemon ot &l, 1988},

The Incremased concantratlon of ;:;myc ﬁiaNA fbl!owiag mitogenic
_stimutat:an Is 3uparinducad by the presanca of inhibitors of protein |
svnthas:s tfor axampie cyclohaximide) or a dafaclancv érf amino acids in the |
~ mmadium, The exact mwchaniam for this I3 not clver, Possibilicies includa the
_inﬁibitinn of trénscrlp_tian shutdown and the atab_iiis&tiaﬁ of ﬁtr'anscfipts:
{Almendret ef al, 1588; Olashaw et al, 1992
c-fos mBNA concantrationis Incrsasad aftera mitcgemr. stlmuintton of 3T3 |
"ﬁ\ouae tibroblasts prior to the Incraase in the euncantmtian of e-mye mRNA
and pratem. The psak cont:emration of o-fos mR!\cA QOCUrS 15 to 30
minutes after stimulation, and the 'prtimin concentration reaches &

maxirum 30 ta 60 minutes after treatment with a mitogen. An Incressed



. tata of transcription sccounts for ma&t of th'ﬁ increaw oﬁtpmsalan.ot t;xl; R |
gona (Krljar st al, '19.84). TFgl!owing maxima!. axprasiion; the t;ans§ript_ s
fﬁpidly de'giad&é'_, and not uix;alty detectabla at 2 hours after aﬂﬁiﬁlaﬁnn.
As with the transcript of c-mye, c-fos WANA is 5. erinduced by the
 prasence of cycloheximidc in the culture niedium tDénhardt ot-»f, 1986;
Almandral et #/, 1888). The Fos protein ulm appears 10 be abls to causa |
nagativa faadback on s own expreszion {Lucinello 8¢ &/, 1989}.

| .Tha semm .taspansiiva alemant (SRE) 1s'a n&A _anhancér saquéma which
is largely r’-uspdmlbla.far the regulat‘luﬁ of the expression of c-fos as well
" a8 other immadiate early callular _gahax‘ by growth factors. This tapic ha's.
racantly been f_avia_wed. by _Tré_isman {1992). The tunctions ;f SRE

sequanicas appess to be independent of their orlantations and locations on

- genes relative to other promoters and the mRNA 7P gite. acuvrty of the

SHE Is fnpidl\r atimu!atad fallowlng treatmant bv a wide varlatv af qrewth
factors, and this Is Ia:gaw mpnnaibfa for the incrasse In c-fas mRBNA
gancentrations foiiowing mitomic atlmulation. The activataon of the SRE-
sppears 10 invnlvs both protein-k!naga ¢ dapandsnt 88 mll ag protaln'
Kinase C ind&pandam iﬁe_chqnlsms. and the activstion is linked to signal

- pathways which Invoive ras {Sessons-Corst et o/, 1988).
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_ Ths kirmtirs ::rf ths sxpmmn ofthe o ltm protonncogsna tamiiv {e-ju }Jun
B and Jan D} are simi!ar m thoss of c-fos u\iakabeppu at al, 1988). The
mANA of these genes is rapidly lnducad by mitagens. The peak in cfun

messanger RNA concentrations is at 1 hour sftar stimulation. and there fs

_baraiv detactable transcript at 3 hours. Also, the concertration of the

-m!-‘iNA Is superinduced by thepraaén#e of protain synthesia inhibitors in the
"~ culture madiury (Nakebeppu at #I, 1988).

Inktal axporiments to determing the functional role of c-fos in the
t_prﬁ%lfaration of celis {Hoit et #/, 1986) were almed at biacking of .

andogenous ¢-fos mRNA by the production of t:-fos dnt!aam }Nnacﬂpts
Thess antissnae sequances protiuced Inhiition of colony farmaﬁm and
pmnferaﬁm of 3T3- mnuaa ﬁbmbim cellf;’ ‘n cu?ture. In 'a aimim
'axpar!ment. it was ahnwn {Nishikurs am:l Murray, 195‘?} that f:-fas.
'antisansa transcripts pmvnntnd G, to G, transition Induced by POGF, kuy
had no affcct nn tha sxponential grawth af 3T3 fibroblssts. The

sigmﬂcanca m‘ thase apparantiy eonﬂicting ﬁata may he ;hat thare isan |

important rols for ¢-fos dur!nq the G, to &, wansition of calls, bt In

s I 4



continuausty dividing ::alls, the axpraasinn of c-fos mav nesd anly ba

residual (Calsbretta and \fentureiii, 1982}

The proteln product of the ¢-mye ban& appasrs 10 actas s compatence
| - factor for BALﬁfc 313 fib}aislasts {reviawed by Calatrents and V'entﬁraﬂi
1992. anhap, 1982), and tha ¢ myc product may funcﬂou a8 AN
intracallular mdiatnr of ihe m!toganic mspanse induced by PDGF (Armam.
ot o, 1984} . BALB/c 313 ﬁbrobia:ts tfans*actw with an _ms‘. GENOUS C-MVE
GDNA driven by the murlhe mamm:ary tug,w’ “’1\?' a fﬁm:‘i pramoter could
_ _ba irducac! m Init'ate protifgration v m qrf:‘b - 9"‘:‘;GF Qﬁﬂn the MMYV
promoter was SGHvs. Subsequﬁmiy, “ w&f ;mﬁr {Keczeamok st ol . 985)
that microinjection of ¢-myc protein fnuo JALB/e LT3 ‘falls, Guitured in
medium that wa; depleted of POGF, was éspablé of _!nmutinni. DN-A
synthesis, Afao,' !nhib_iﬁan of c-myc expression in T lymphocytas 'by
- 'éxpoautsid C-mye anﬂ;msa' oligodsoxynuclactides resulted in an !nhfbitkm -
of the trahnitiﬁn of calls ':frbfn &1 to S phases of the cell cycla fl-talkkila ot

_ &I, 1987},

* Other nuclear protooncogenss which appear to bs important di:'rlng the cell
 division process ara c-myb and c-sts. Exprossion of c-myb is & relativaly

iate evant during the cell cycle. Maximal axpression of the gens occurs 36
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to 40 hours after stimulation of T l_vmphaévt_ns by phytohaemaglutinin

(PHAL. This coincides with the entry of thess celis into the S-phase of the
coll cycls (Toreli et #/, 1985; Pauzs, 1987} Expa‘sims of the cells to

- gonditions of protsin gyh_thssis inhibitioa_ ﬂacremg the éxprmian of r:?myb _

{Reed ot /, 1986).

Intarastingly, analysis of the axprassiun of two memberc-of tha c-a1s gene
family, indicats that the _expms'gioﬁ_af c-ats-1 is inhibited by growth factor -

stimulation, bt afg_rs«z uxpression is Induced by signals which "'fc.au_aia _

mitosis In T lymphocytes (Bhat at &, 1890}
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DNA binding by pmtems ancoded hy the nuciaar prﬂto-nncagenos C-Tve,
| c-fas and c«;un has buen wall dacumemed {rawawad by Gutman and-
- Wasylyk, 1991; Calabratta and Vanturalli, 1992; cur}mn ot &l, 1992), and

ti« propsrty is likaly to be important in sagulating the rate of cell division,
. lt is thaught that by acting as transcriptional raguiazars, cnyc, ¢-fos and |
| ¢-jun affact tha exprossion of nthar gencs which ara also importam m the

t_h_a control of call divismn.

The ﬂrst raparts implicatlng a link betwean ancogenas anﬁ tranmnption
' factors emorgad from studies which showed functinnal and saquance
similarlty between the v-j:m nncogena and the DNA binding domain of the
 yesst transcriptional regulator GCN4 {Vogt ot af, 1987; Struhl, 1987). The
DNA recbgniﬂnn sequance of GCN4 is similar to the mammalien AP-1 site
uain et of, 1986; Hope and Struhl, 1987; Les ot &/, 1987s,b). This
gaguance is tapéas‘sntad in ganex which are resp_omiva_ o phﬁ_rbn! asters, |
and ha# therefora baen tarmed the Tl.’i-respunaiva”aiame:ni {TRE} (Angs!
at &/, 192‘?; Lew at &/, 1987b}. Later TRE was fourd to be prasent in ganaes
which are also rasponsive to a variaty of other a_g_énts. {Curran and Franza,

- 71988). Initial studies Indicated that Jun was in fact the AP.1 binding
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protain (Bohman et al, 1987; Bos et #l, 1988). However, it has become

svident that AP—!I binding activity comprises s complax mixtura of proteins
taf whsch Jun is one {"ranza ot 9l 1 983, Rauscher ot 8, 1988}. Tha othar -
| two memhars of ths ,um farally, Jun B and Jun D, share sequancn #milamy
| with c-jw: and also bind to the ssme DNA aaquence of aeven nuc!aot!des' '
{TGACTCA) {Bohmann e¢ 8/, 1887; Nakageppu et af, 1988),

A 'mmarkahm feﬁiura of tha .transcripﬂunal _aativaiion by Fos and Jun

pmmlris is thaf thay are capabie of forming d!mé_np through the intaraction

of so-calied ‘lsucine zfppars’ {Lénd'schuiz ot 3l 1988; reviewad by C&rfan |

st ai.. 1992). Tra lsucine zipper ragion comprises a stretch of 35 amino

- acids containing 4 to 5 feucine residuss saparétéd'from ssch other by 6
arﬁina acids. ‘l‘hg leucine residues ara b#dtad on 6ne side of an amphtpaihic

| o-haslix mg_ibn of the protein. Thess hy_dmph_nb!c rasiduas ars capsbla of

interdigirating with aach -other and thareby facllitate the formation of

- protein dimars iLandschu!z at &, 1988). These For and Jun pwtain

camplexes are highly stable {Rauscher s #/, 1988a, 1988b; Franzs st 8/,
| 1-983: Lucibelio et &/, 1988; Chiu et al, 1988; Schinthal at of, 1939'
Sassane-ﬂorsi st ¥, 1988} The heterodimar of Fog and Jun pratains hinds_
| 1o the AP—‘! bindmg site with high aﬁimtv, and ia 4 strong transcriptional
activator {Nakabeppu st o/, 1888; Halazonetis a? &/, 1988; Kouzarides end
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znff 1988 Rauschar at al, 1953::; The affmity af the Fos-Jun hatarodtmar
for the AP«-'I ‘site is appraxcmatetv 3{3 toid htghar thaﬂ is the Jun
| hamod:mer The Jun homodimar is also a8 less potent trqnsrmptianat
activator than is the heterodrmer {Abel and Mamatis, 1 989, Vngt and Bos,
~ 1989; Sellers and Struht, 1988; Bussh and Saasana{:orsn, 19801, Thf.‘ Fos
_-grotam is unable to foim a homadimer and bind 10 tha AP-1 site
(Halazonetis ot f, 1988).  © | o |

Myc protein also has a leucine zipper region which ié thought to ﬁcilitatﬁ

dimerisstion by interaction of the leucine side chaing {Blackwall at &,

- 1G990}, It has howaver only recentiy been shown that the protein encoded
by the c-mye encogane has saquence spacific DNA binding prnpez"ties'

) {Blackwail et af, 1990}, The basic/helix-loop-helix/isucine zlpp'ar {BHLAAZY

sotifs within the Myc protein structurs are impn_rtarif for this function.

A Myc-associated X’ factor prdtéin {termed Max) which is thought 1o be

important in tha traﬁscrip:ion'a! activatiﬁg properties of Myc has recently

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

which is sxpressad in many tissues of a wida variaty of vertebrate species.
- Max interacts with Myc i‘.:_mtein in a manner which requires the intégri_ty ot

the c-mye BIHLHILZ motif (Blackwell et ai, 1980). In vitro, thé complex

._”_20.



binds spaciﬂﬁaily to the haxanucieaﬁde DNA segusnce CACGTG {Blackwetl

et af, 1980; Ka.rkhnff ot &I, 19;‘_31; Prandargrasr_ and Zitf, 1991}, Whan the

Myc:Max cqniplax is fbrmad, .it ls #hle to bind to the G.AQGTG saquan_ca .
- under conditions whem neither Myc nor Max are abls to bind EN_A

(Blackwood and 'Eiaénmén, 199%; Pranda_rgfast at &l, 19911, 'fhasé DNA

'hir:tilng propertias of Myc and Max have recently been reviawad

Iala?:kmm et 8l, 1991; Pandergrast and Ziff, 1992}, o

The proteins encoded by the c-ets1 and c;_ersz -Qenea have DNA .h_indlng
actlvitv which residés in tha narbox‘{l turminal of the protain. They bind 10 |
# 14 base pair snhancar elamant of which the aaquanca aC‘TTCCT appaars
to be tlw essentisl part iWasvlylc &t ai. 1930).

“The fﬂjyb. proteln binds to & specific cors sequence m&cam;* |
: iﬂia‘dankapp at al, 1988), This protsin is -.unuéuai in that its DNA bingting
aranls !qcated inthe amino termfnal portion of tha_pmtain {Klempnausr and
éipael, 1987}, A possibla link between the function of Mys _and' Myb
" proteins In cell division acﬂiatlﬁn ﬁas_ recently been reviewed by Bishop
(1932 | . S
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- 1.4 TUMOUR SUPPRESSOR GENES

Racanf disgoveries have confirmed eerilar idaa? that the transformed
phenotyps may t:evaid;i'as 8 result of mutations which oceur in cellutar
-gense which negatively ragulate the rete of t:aii..divfsion._This'nagati_\'fa
contro% s praaurﬁably axpreséad as 8 slgnal to the cell to slow daw‘n its rato '
'of ﬂivisian and to differantiata (Sagar, 1989} Thesa tumour smprsssor-

genas were !or.atad at the s:tas of deletion of parts m‘ chromosomes that

have been obsatved !n s0me rare heritab!a cancars,

The initially lsolasd gane of thls ‘vlass was the rétinnbia‘&toma {or RBT)

gana iFrlend at m‘ 1986, Dryja ot al, 1986}, f;hildran with a mutatlnn Ins

. ABY slisle have & 95% uhance of dovealoping a mﬂnubiastcma and an

fncraasad risk of develnping other tumours auch as osteosarcomas and
ﬂbrosarcomas (Gallie at &/, 1990}, Racmntiv, the products of a number of |
DNA virusas {far axampia stmlan virus 40 ($V40) snd papillomavifu;asl
w_h:ch are ca_pa_hla ot inducma maﬁqnannies have tm_an _faund 10 produce
protaing 'wh'lch bind to the RBY gene product, and theraby cause lts
inacttvaﬁdn. The role of RBT gene exprassion in norm'ai and malignant cell |
_prqlifar'atlon hes recently been reviswed tHamsl of &/, 1992; Hu. at al,

1992).
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Anothar tumour suppm&sar gene, p&‘.?, has racantlv been implicated in the

cause of a number af dtfferen: malignamies mcluding hepntocatlular

| ganet:c abnormaiity in human malignancias (Lavine et al, 1991; ﬂuartin et

al, 1992}, Th@-—protsln of p§3 was ang!naﬂy_ discovered In extracts from

sranstformad cells wi_th the antiserum from animals infected with SV4D

© {Linzerand Levine, 1979; Lans and Crawford, 1979}, p&3 forms complex V

with the large T antigen of SV40 which the antiserum + sognises. The

binding of p43 by the large T antigan is algo impertant in tha transforming

pmpamas of sVv40.,
% humans, the 583 gene ia located on the sl'inrt arm of chromasome 17

and spans approximately 20 kb of DNA (Beachimol et a/, 1985). The gens

- contsing 11 exons, the first ﬁf'whi_ah is not voding, and is épmximataly |
10 kb away from the other coding saquences (Oren of al, 1988; Zakut- -
Haurl st al, 1983). 083 mR'NA is approximately 2.5kb in lengtn; and the

protair: coded by this transcrigt is 53 000 daltons {Harlow et al, 1988).

. ‘:‘. :

~ The narmat rnla of the pBS protain m tha wh \ galy unknown (sttng at

al, 1931, it is fourd in the nuclaua, and struwura!;y, it mmprlsns thm

domains - an a!pha-hailcat stretch of 76 amifo acids at the amino terminal

2

- carainama Mutatians of the p§3 gene are thought to be tha commonest

B g
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' end, followad by a hydrophobic region (positipns 75-150) and & carboxy
_ tarminal end which is an alpha-halidaf basgic ragion [(Pennics af &/, 1984},
Tha sreas of the protam that ara mutated imlignanclns are !ocatad at
cartain ‘hot spots’. The h:ghm fraquancv of mutatinns is found in codons
specifying amlno acid rasidua: 175, 248 and 273 {Levine et o, 19911._.
These areas are highly cunserve'd_hmdng’st’ the p53 genes ﬁf. ditterent
* species, suggasting that the ragions are ﬁ_mction_aiiy vBry importani i'Squﬁsi -_
ot i, 1987 Levine e al, 1991). - '

A numbar of hypothaeses has bean proposed to explain the mechanism by |
which £53 regulates cell division and differentiation. Firatlv'. pb3 may
raﬁuiaie_ the #ssembiv and funct!ah of the DNA rabﬂcailun-iaitlaﬂon
complex which Is raquired 1o be sctive prior to the entry of calls into tha S-

- phaseof tha cell cycle {Braithwaite ot i, 1987; Gat_mon and Lana, 1987). _
Disruption of nurmal p53 function may thersfore result In uncontrolled
callular proliferation. Binding of p63 to & callular hohwiugua of the 8V40
large T antigen appsars to baf' impaortant In this process. Recently, a cellular

protein was itnlaie& which is nqxnﬁtl'y closely mocia'tud to 953 {Momand
at &al, 1992; mmer at g, 1992}, This proteln, eal!ad MDMZ, was puriﬂad
because of its co-immunopraclpitaﬂnn with 953 it sppears to Inactivata

p53 thraugh the formation of a _pmtein complex. That is by & similar

2



mechenism to the issoai'atio_n of the SV40 iarge T antigen of simian virti_s B
- 40 8nd p53. The repért by Olinar at af {19_921 also showad that the MDM2
iocus was amplified in 17 tut of 47 human sercomas. This i¢ In keaping
with thé id.éii that MDM2 6verpraduétlon ihﬁctis}afas p_53 i;ﬁ-;hé fqrﬁagbn

 of protein cor plexes.

A second mechanism of pﬁa action s that it may fumﬁon a8
transcriptional r&gﬁla’tar,-- The ﬁ?sﬁc C-terminal region has bNA. binding
properties and may be ir’nbak_tanf in the functioning of the product of this

gena as :'3. tr_anscﬁptignal re_gﬁlaggr- iK_arn at &, 1981). lntamtins;l#; ths'
'mﬁtﬁtions ~ithin the p$3 géna do nat appear to affect .the hl'nding to

© MDM2 protein. It Is rather by affecting the sequance spwﬂr; ONA binding

of p53 that the tumour 3uppPressor activity is ln'hlbit&d {Lane, ?9_921.

. A third modal for tﬁmnur suppressor action of pH3 has recently boen.
suggested {Lane, 1992}, Normal pB3 may monitor the Integrity of the
-gemome by _fuﬂctl@rﬁng_aa a saFcalled *rria'iactilar policaman’. if thar& s DNA
damags, tha_‘h pS_a #ccumulatas and suppressas the rate ﬁf call division
| ailawihg_'mre tims for DNA repair to take place, t':e_llsﬁ in which p53 18
mutsted or in which It Is bound to host (ag. MDM2] or_viral-tan. svaw farge
T antigon) proteins meke it incapabl_& of arrasting colt growth. Aa'_a' rasult,
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gonetic mutations accurulate at a”rf_ihcnqm. rato and this has the effect

of increasing the pobability of malignant transformation, ~

'Tha role nf 5353 in tha prowss of malanant transfcrmauon is bv no maans
campletaly undafstuod Naw insights into the functianing of thig protein :
should provids important concnpts for the undarstanding of tha procass of _
| cawmaganasis. The 953 mutatians found in HGC are discusw:l in mors |

ﬁ&tﬂll fater,
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‘Annually, hapatocatiular cz;;-'::i.n'nm {HCC) affects .a'ppmximatelv 250 000
~ people worldwida. This mglign-ney vocurs comm=aly in Africa south of the
- Sghara and in paris of_tha Far East sKﬁ_w, 19886}, The nighest ihcidanca has_
bean rucorded in Southern Africa {Macambique has an inaldahc& of 103.8
| par 100 Q00 per snnumy, Taiévah and South East China (Waterouse at al,
e, |

The prognosis 6f .pa'npla affai:tud: véith this maligﬁﬁnéy 8 ganaraily gi'ave.
especially amongst African end Chingse patients. The clinica! course in |
African patiants. is usually fuimi_ﬁant.- and survival time may be &3 short #s_
11 weeks after the onset of symptoms (Kaw and Geddes, 1982). In these
patients, it is vary tara that i_ha tumours are resectabls {1% of Southern
Africaﬁ'blackii, and 8% amonﬁst Ugandans} and the tumour often does not
raspénd to chemotherapy (Harrison st al, 1973; Kew, 1986}, The clinicat ‘
Goutse of patignts fn::m lovimr risk groups is generaily more benign. Thess
tumours ars oftan amnﬁhla 10 surgicst rasection (37% amou_nzt Japanass

patients) and may be responsive to chematherapy (Foster and Burman, 19771,
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" Afrlcans appsar m bn uniqué with respact to the age at which HCC

* develops. it has been reported that as many as 50% of Mocambican

S $hanga§ns_With the tumour ars less than 30 years of age {Prates, 19€1).

in other parts of the world, HCC u_sua!ly d'a_valcpa amongst older patiant_s_ ”
with 2 mean age of 55-60 véa’rs {Higgingon, 1963). The male 10 famﬁie'

| prapnﬁdaranca.of patights with HCC Is particularly high in 'A&ic;at; and

' _ﬂﬁami pat-ianuﬁ whare the ratio is 48 16 1 (Hig.giﬁatm, 1963; Okuds, N |
Cieve. | |

* Cinthosts of the liver Is fraquently assocletsa with HCC (Kew and Popper,
| 1§84}'. The frequency of cirrhosis " aﬁd Hﬁ‘é 'oécurring ta.aethér .
spproxiniately 60% in Southern African blacks (Kew and Geddes, 1982;
Patterson et #), 19885}, a.nd_ the overall Incilenca of the association is
| aﬁproximatélgﬁﬂﬁ% iérespect_lve of the paﬂenix' backﬁrnund {Higginyon,
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Epidemiological studies of HCC have 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 & modification of the data

presented by Kaw (1986:.

Serological evidence ot infection with hepatitis B virus (HBV) is frequently
associated with the development of HCC {Beasiey et &/, 1981). In sub-

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

" have HCC are also infected with HEV (Bréchot, 1887). Th risk of

devslaping HCC is approximately 100-fold higher in HBV carriers than in

. their age matched non-carrier counterparts (Beasla? et &, 1981} In

Waestarn countries, _alccho'lism is frequently assuuiated with the

de\_r'erapment of HCC, but aaviwnmentat chemicals, with the po#sib!a -

'_ axcention of a’ﬁatoxiri. are a rara cause of HCC {Popper, 18979},

Mnst HCC wmours begin as solitary nodules t'rang. 1 985} Thay cumpnse

B paranchymal cells wh:ch may bhe wall, maderataiv or puoriv drffaremlated

Tha tumat.rs ganarally tto nat. cantain Kupfier cails. ang the malignant

parenchvmal cells arg arranged in trabeculae two 10 gight cells i‘hick which
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are sapssated by sinusoids {Peters, 1976).

The a'sgnciat'iun hetwesn HEV inf@ctiﬁn and HC_:’C is perhaps the 's_t_fondaat
aver astablished bagmean a viral infection and a humﬁﬁ ngopiasm -(Car!oni:
st al, 1988}, This impo'rtant_link abviously suggests that i&_w virus mav be
 primarily invelved in the development of HCC and at least promoate iha_
initiation of & prematignant ﬁepatk: sme.lan_.. hepatitis or 'cir:husls_i {Zernan

ot al, 1985), o
Hepatitis B virus ls & mambe.r of the haﬁﬁdﬁavirus group of hspatatmnpiqi
viruses and only infscts bumans and cartain other primates (Blum at_q/j
1989). The hepadnavirus family includes the hepatitis viruses of
| wuodchucka {Summaers ot o, 1978}, Pekin duck {Magan at &l, 1980} heron
{Sprangel af ai, 1988), ground (Merion at a/, 1980} and tree aquii:mls
| (Faitelson st o/, 1988). Thess mambars of the hepadnavirug family have
similar ﬁanam Structeses and mechanisms ;f their teplication. They are
aisa capable of Inducing ma'lgnmhs in these ahiaﬁ!s (mrﬁ%ﬁvad b\é Floulgr
ot 8. 1987; Popper, 1988), - L A\
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. Frequeﬁt.- o : -} Occasionat

| infection - Smoking

| Chronic Aflatoxin ingestion 'Haén:ochrbmatosis
'ci:‘rhus_is | o S | Primary and secondary

I . biliary cirrhosis |

'IWils'mi's digease

| chranic aciive-.haﬁ.atiﬁs

Lang tarm us‘eﬁ of oral

| contraceptivejsterolds  or

. anabolic aadmganic

starpids

| Alpha, antitrypsin

} deficigncy

- Iable 1.2: Factors which are associatad with the déim&epment of

hepstocetiular carcinoma (adapted from Kew, 1986},
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Tha genetic organiiatioh of HBV {Figure 1.3')' anc the procasses involvedf
in viral «eplication have been the subjact of a number of reviews {Michel

and Tiolisls, 1987; Lisberman st ¢/, 1987; Summers, 198%: Blum af a/,

- 1g89; Schaﬂerand Fischer, 1991; Sﬂager aa‘a{, 1991 Gansm, 19911 ’!'i'w

& virus has a small, circular, partiaily doubls strandad DNA genoma. The

minus {-) or fong (L} strand is of a fixed length of 3 200 bases. This strand

“has a clroular structure, but is not covalantly ctossd The plus {4 ) or short

(S} strand has a’ variable length, and is ususlly 50-100% of the langth of

the - strand The circular structure of the ganonw DNA is maintained bv

tha baae pairinc hetweon the 5’ ands of the two strands. At hoth aidas of

~ this cohesive overlap, thore is an 11 bass dirsct repeat of saquenca L

TTCAEBTGTGC &, ‘ﬁm& datails of the arrangsment of the HBY gennma
are clupictad dlagmmmatlcailv in Figurs 1.3.
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Eigm_l.z Tha structura and organigation of the HBV genoma. Tha L {} and
S { '} DNA strands comprising the genoms arg indicataed in the centre of
the diagram, and the ovarlapping open reading frames sre dapicted by the

~ labelied large arrows surraunding the circular DNA. The indicated nuclaotide

positinns sre relativa to the FooR! digestion site {position 1), The seguences
of the L {+) stramd o which tha 2.1 kb and 3.5 kb RNA transcripts are

- complementary are shown by the positions of the arrows on ths outside of
- the diagram, DR1 and DR2 are the diract repests at positions 1824 and
1890 ~-ragetively. Adapted fram Miche! and Ticlials (1987},
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| The - strand of HBV contains four open reading framas {GHF&_} termexd §,
_ _C, P and X. and these seyusnces are consarvad ar -gst tha different
 straing of hapadnaviruses. in Summary, the functions of the pratai&s :
* encoded by thase ORF {raviewsd hy Michel and Tiollais, 1987; Lisbsrman
et#i. 1987; Summers, 1988; Blum st 8/, 1989; Schaliér aﬁd F!céﬁer,.‘iéén
- Seager st al, 1991; Genem, 1991} can be suﬁimarised ﬁa. fu_l!dwa: |

R 1. The S region codes for the” thm;. HB&AQ proteins of the viral |
| envelop. This #aquenca Is divided into tﬁg 5 gens, pre-51 and pre- |
| 82 regions. Tha thre;e. aurfgca protatns .jru.tha ma}nr.pro_taln {coded
| | for by 5}, the midc;fe proteln {coded for by the pre-S2/S regions) and

| iha la_fga pr'ét'ai_n {codaed for by pr§-$1ipra43213 saquancasi;

2. The C region cnmprlsiﬁg C and pre-C ragions, 6odaa for HBcAg
(coded by the C sequence), and a larger HBcAg coded for by pre-C
ani © sequences. The HBcAg is rsqulred for the membtv af viral
core particles.

8. ThePragion codas for DNA paiymerase_kaifam trahacriptase and is

o impnrtant for th'a repl!:':}‘atinh of iha viral genome, This r-aglon #lac
codas for a protein which s covalently stiached tu tha & and of tha
DNA minus strand, - |

4, The region of the HBV geimmo denotad X encotles the HB#AQ.' This
'prgtain has trans abtivatlnn propa&ins' {Twu and Schivemar, 1987;

it
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w::llersnaim ot af% 1988 Aufiars and Schnaida: 1990}. prm*ain
* kinase (Wu ef al 1990} and sanna protesss inhibitisn proparties

{Koike, 1‘992!

. Thers -are' iwo major transcripts of tha hepatitis B virus. my a:& uris;:lir:adf |
RNA malecules of plus strand polarity which ara transcribed from the L (4

strand. The RNA mo!acuias_are transcribed from di_fférant Initiation .ait.és.-
but thay havé a cnmmun ¥ tamiinuk %mh ig i:aiyvadsnyiatéd {Will et &/,
~ 1887; Seegor at 4/ 193?) These two transcripts wers originally

characteriaed !n ch:mpanzse livar spacimens whlm nm*,saan infaatad with

HBV {Catanao et ], 1984). The nm sttands arerefarrad to s 2.1 kband .

- 3.5 kb BNAs according to their sizes. The 5° end of the 2,1 kb RNA has
"baén mapped 1o an srey about 20 bp upstream of the pra-S2 réginn. st
the 3’ end to the bngmning of the C gene. The L end of the 3.5 kb RNA
hes been mapped 1o the pre-C region and the 3’ el of this transcript is at .
© tha same position as that of the 2.1 kb transcript {Mlchel and T_ia!la*s.
. _1 987;’_ Liabé;maﬁ ot al, 1 387; .s'ummara. 1 985; Blum.at al, 1989; Schallér-
and Fizcher, 1991; Seeg#r ot o/, 1991; Garem, 1991) {ses Figurs 1 a),

The 3.8 kb RNA molscule contains tha full complement of genetic
Information of the HBV ganorae, In addition to the 2.1 kb subgsnomic RNA,
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' two cther species of aubgenamic RNA have baen char&ctarsaed Thav hava .
Iangths of 2.4 kb ami 0.65 kb iBlum 8t 8l, 1989}

_Thu iargast ganomic RNA serves as.tarnpiata Tor HBV. QNA syntheais and

far the coding of proteins not encodad by the smaller subganomic Rl\m '

St \,

- Thatls, the pre-C, C and P gens products (ses Figure 1.3}, The ‘“bﬂﬂ""‘““’

RNA mav ssrve aa templata for tha wnthaslz of the other pro:aias

Impor-tani blological chsracteristics of hepadnavirus infactions are the
snacles apaéiﬂcitv and 'ths hapatotraplam {Blum et 8!, 1988} 'rhu
: attachrmnt of viral porticles to ﬂ\ﬁ 5 aail membranas appsara ta be s
-receptar madizwed avent. A specific receptor an the hepatocyts recognises
a peptide #aqﬁance vehich I_sa smodad. by the pre-81 'mm_a eﬂeumh ot al,
‘1386). After entry of tha HBV DNA into the hep_atthe, it may follow ons
of three diffnrént pathways (Blum st 8/, .1 289; Seega’f et al, .‘199.'_1 %
AR It may _ﬁersist In & 1atént.stat’a vuitﬁbut rahliea.ttngactiwv..
2. it may become integrated into the genoma of the host. This aspact
| of the BIBY life nvclé appé_ars td ba pﬁr-ticuladv important in the
digruption of host cellular genes, and may thus be central to th§
oarcinagenic properties of HBV. | |
3. .-T_ha vifus' mav'-rapncata _activaly.
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.Hav- 'raplicati'nn i g }cornpllcated p‘racm which initiaily invnlvas th'a _

convarsion of open circutar viral DNA iml:iﬂm tc- cavalently clasad eiroular

DNA {cocDNAL Tha strand of this CoCDNA Is then ueud A% ter}:plata for

~ transcription of the 2.5 kb polysdenylated pregenomic ANA. This RNA

- 'praganama is then used as iampiaté for tha synthesis of the - DNA strand

fol!owad by the synthem of tha shorter + DNA strand from tha “ strand
. _tamplata This procasa of HEV replicatuan has been raviewed hy Blum ot &/
(1989) %nd Seeger at a! {1 991}

A mmarkabie reature of the genome of HBV is its compact organ!aation. it

| haa tha smallast gannme of any \Jrus knpwn to infect man and usas its
gan_etic matarials _axtre'mai\f aicnnomicallv. 'l’his* is achieved by two
important and rare genatic ar.range'mnt: {Miller 89/, "1 889 |

1.  ‘The reading frames of the genes coding the HBV proteins ars

overlapping. This is possible through translnﬁon of tha reading

‘triplats specitying the amino acids In phesa with the fiet sacnr= or

| third nuciaoﬂds: of a given gens suquanca
2. Al of the gene regulatory DNA slemants of HBV reside within the
_p'rotein coding sequenqes. “That 18, sithough the protein ci.;ding
capacity of HBV is enhéncad_'ay avarlapplﬁg reading framas, th&

 binding sites for proteins invoivad In regutating gene expressian or

3? L o
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genome replication aiso raside within aoen resdinyj frames.

Hybridisation studies on ths ONA of HCC Ispeqim&ns have shuwti shat in . -

most cases, HBV ONA is integratad into the gerome of the tumours

~ {Bréchot st al, 1981; Shafritz and Kew, 1981; Shritz et af, 1981; Koshy

ot al, 1881). Snuthern biot analvm of ihe HCC DNA iz=dicates that the _.
- s!tas of HBV intagraﬁon vary in diffarent tumnurs, and aisa, mdivkluaf |
tumours often contain multipls viral DNA inteurations. _11;—1:3 sites of

hepadnavirus DNA integration Inclide an ares adjacent to & saquence with

hnmln'w'to erbA sd storoid r&t:aﬁtar ganéa iﬁa}aqrx at al, 19886), & cyclin

A gane {Wang st &, 1990), and aiso the c-myc, Nemye-1 and Nemye-2

ganes in woodchuck liver tumours {Moroy ef &/, 1986; Hsu et a/, 1988;

Fourel at &/, 1990},

R has also bean shown that HI:N DNA may be duplicated and!or'

' translocatad to diffarant cellular maﬁnns following the inttial imsertion
{Koch et o/, 1984; Ziamar et #/, 1988; Hino er al, 1988). HBV DINA iz alse
fra_quan'tlv raarréngeﬂ as & rasult of deletions, inversionz and/or duplications

which eaour during integration (Kooh st ¢/, 1984; Zlemer et s, 1985; Hino

~of &, 1986; Dajoan gt &/, '1983; Kolke ef &/, 1983; Foshy st #/, 1993:.

Rogler ot &/, 19_85). Chromosomal transiocations have algo bean asgociated

.38
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with HBV integration in HCC (Hino et af, 1986; Meyer of 2/, 1992),

~ Another lina of avidance implicating HBV 2nd its products in tﬁc netiawﬁy |

of heestocellular carcinoma comes from the iacant data on the product of

~ the Ha'; X-gone (Kim araf. 1991). ‘!‘rmsga_._ﬁia_ mice, from germ !ina_ Qeiis
- in which the entive HBx gana ur;c_!erfiti ﬂﬁm regulatory aslemants hau bean

in?:iofﬁo:atad,warashﬁwm’ad&vatop pro;;rcssivaﬁ:stapathningicaichanﬁcs _

in 2heirpiivafs which u!ﬁmataly iad to hepatuceiiular mmiﬁor‘m {Kim: _at &, |

1991,

The MBx protein s a protein kinass (Wu ef &, 1990) which nas
| | ;ra_naqﬂptinnai activating prppaftias lWai!araheim ef &f, 1988; Auflero and
| Schné'idar, 1990; Twu and Schiosmer, 1987}, This protein may be linked
to the developmant of HCC througa the frans activation _éf virg _ﬁnd host
cell gens exprs'aai_on'. Hax .ha,g besn shown to .t_ransactivaio the

p’ratﬁancﬁgam e-fos and c-mye {Balsano st &/, 1991). |

I addition to the HBx protaln, it has also besn reported that 3° t:uncated
re 52/S sagusnces in intagrated HBY DNA encods a transcriptional trens-
gotivating property i\Kekulé et #/, 1983}, The product of this sequence was |

shown to activate c-myc axpresaion (Kekulé at al, 19901
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Another i}nportaht .déve.lbp.mnt_ in undorstanding the molsculer pat'hoiogy-? ..

of HBV has been the demanstration of moleculer variation in the HBV

genome. Patiants with chronic hapa_f&iz havs been faunﬁ_ ta bie_ infected
 wéith viruges that have differant saguences, and soms of the reglons of the

HBYV genomae from t’héu isolates are poorly conserved (Kansko and Miller,

_ _1989}. Mutant v_ikusas roay be ;nponsihia for__izha differant clir_sica! i;auraés
that HBV infoétlt;r,:s oftan take, This msv nmm fram aitared imm’unulaglcat |
| prassures, r:a.rl.uad by tha mutations, b_afn‘g'p!acad on the host {Brown &t &/, |

© 1992). HBY mutations may also influenca the erficlaricy with which its
DNA is intaut'atad into the host gerome by celiutar 'ihtegramf ‘enzymes, |

| x;i;Suc'h' an anzymu B f;;polsnmrasa I {Wang and Ragler, 19913.” -

i
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The hepatitis C virus, originally termed nor-A, non-B hepatitis virug has
' tacantly been isalated and the genoma characterised using & recombinant

complemantary DNA (cDNAJ aprosch (Choo of &/, 1983).

The ganofna af this virus r:cmp‘riﬁa’a 8 ainaia plus St;ahdaﬂ RNA miecula
of amx:mate!y 9 400 nuclaoades {Kato et &/, 1990, Haughtan at af,'
1991; Chﬂn et al, 1991; Takamizswa ot o, 1931} T sequance cuntains
" an open reading frame which ainmt spans the entirs genome. This ORF
| may sncode & viral protein of 3 017 (Choo st #/, 1991) ors 010 Keto st
&, 1990; Takamizawa at af, 1991} amino ac'ds. A sequence of 324 10 341
nucleotidas ﬁr@cadea the l&rgs open raading frame, and containg 3 or 4
- vary small ORFs which may cuda proteins of up to 28 aminn ackis In Iangth
{Houghtan et al, 1991&.

T » ganﬁma of HQV doas not damonstrate remarkabls sequence homblagy
to the other hepatitis viruses, Thure is however evidance wﬁic!f'suguusts
that HCV is relatad to human f!aviviruse: {(ag. yalinw faver virus) and

animal pestiviruses {8g. hog cholers virus) {Miller. 1991).
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Numerous data imp!lcata HCV as the major cauge of post ttansfusiun
hepatms and cammumty acquimd hapatstm awund the world ‘Ntsr at aI, "

1989; Estoban ot 2/, 1989: Kuo a? o/, 198S; van der Poel et 8/, 1989; Choo

6f #l, 1950; Mivamura of al, 1950}, It has siso boen estaiiished that the

. rigk of daveleping HCC is significantly highe*'amangst patients who are

aarnpositlva for HCV infmtion {Vargas ot al, 1989; Smto ot ai, 1990‘ s

cmombn et af. iQBD Kew et &/, 1890},

| A |
Hepatitis D virus Is slso an _imbortant =!lve_r ‘pathogen which hag baen

assochited with severs hapstitls and hapatocellulsr carcinoma. Sincs this

© virus requires HBV s & helper virus, it Is difficult to distinguish the effects

of HBY from those of HDV {Rezetto ut al, 1980; Smedlle ef &/, 1982;

1.5.2.3 Afistoxin
Aflatoxin is probably ons of the most putent hapatocarcinogans which is
knawn to man (Linsell, 1984). It is & mycotoxin produced by the fungus,
Aspergillus flavus oryzaa, which contaminates ceresle and other foods

~ when stored in hot snd humid conditions, Close correlations betwesen HCC
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and aflatoxin axposure have besn demonstrated in many psrts of the world

{Linsell, 1984; Newbarne, 1984; van Rensburg st o/, 19851

innssteﬂ aflatoxin is convarted ’::v cxidase anzvmas," associatad with
cytochrome P450, to rdactivs.'ma'ta.hoiites such as the 2,3 epoxide. This
eompound i éapahln of producing chemical Enédific’atioé_s of DNA which
{ead tb_ basa substitutions ﬁuriﬁg ;apl&:atian .aﬁd also hréaks in tha
polynugientide bl'ék backbone (Millar and Mmor, 1966; Mil#ar and Mmef,
1gsn. | o . -
" Intarest in the role -I:_if aflatoxin in 'cﬁuaifsg- HCC hes been reniowed &ftér the
da‘monstration .of point mut’at!ons" occurring at 8 ph3 "hot spot’ In
hapatoceliular carcinoma specimen. frem China and Southern Africa (Hsu |
ot al, 1891; Brossac of al, _1._991). Of the hﬁnatomag from the Chiness
| patients, al. had frangversion point mutations o. toCorTin tha. 248th
codon (Hsu st &/, 1991). Of the 5 tumdﬁrs derivad from Suutharn African
-pétients analy’_s:a:d' by Brassec ot of -(199_1). fourhad Gto T siabstitﬁﬂons
with three of them occwring at the 249th codon. The base changes
* described by these two grmips éré iri keeping with the mutations which are

induced by carcinogens such as aflatoxin (Harris, 1991},



ln anathar stut!v on p53 mutatlons %n 28 ¢olf iinss and hepatucaltuiar
| carcinoma spfmlmeas frem Talwan, a mutatior In the p53 gana
{homozygous dalation) was fqund in only ane patic: . {Hosono at al, 1991}
The _reaio_n_ for this 'i_aablllfty 1o _.t_iatact' mutations my relate twt_:{:’the
differantial importance of HBV and aﬂaiexln in causing Hcé inthe diffarant
mpulatiomst HBV infaction predominates in Taiwan, and afiatoxin may be
mare important in Sautham hfﬂna and China {Carbune, 1991}. | |
-Tha suggastmn that a tumpur suppressor nana m{av bs lm,lahmd in
hepatucarclnaganasls also came from a dlffere W hne df widenca {Buatow
- at al 1989). In this study hy Buatow et 8/ t‘\aas), scraaninn DNA fmm
_' Hcc_ specimens  sgainst o pansl of restriction fragment fength
i’mlvrﬁarph_tsni# (RFLP3), #howad #- toas of c#nstitutiahal hatarozfgnsity on |
chromosoms 4. These results wérg thought 1o Indicate that an anti
ancm.g'ena locatad on chromosoma 4 muy be partly responsible for causing
'HCC. This antloncogens is not the same e ;15_3, as this gan_a.ls locatedon

~chromosoms 17 (Benchimel et &/, 19851,

The demanstration of £53 mutations in HCC and the strong avidgr’u:é e
linking HBV infectlon to this ml!qnan‘c# suggests a complicated motacular
basis for hepatoceliular carcinoganesis. Tha relationship bstwsen the p53



[

mutations and HBV infection in MCC could be tﬁmugh the interaction of 3
'viréiiv encoded protein with a mutant pi*2 (0 cause abhormal cell division

{Harris, 1991).
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Chapter 2 |
* MATERIALS AND METHODS



A largs body of wideﬁce has recently accumelatad which implies thet the

Rt

 earcinaganic procass involves multipls steps {Bishop, 1 991). That is, rather

than a gingla gene being affeﬁt&d, it likelv that losa éf & tumour suppressor - |

gens, together with the disi'upti'on of & callular protooncogens may be

invoived In the progression of many cancers including HCC. This idea is in
kesping with the arlginal multistep and/or “two hit’ models {Armitage snd
Dolt, 1854; Knudson, 1871).

In this study on the :_exprassidn of oncoganes In normal cells and In

hepatocafiular carcinama-, the aims have beaan to determine whather:

1. thers is avidance of abnormat expression of the oncogenes cnye,

c-fos, ¢-Ha-ras and c-arbA in HOC specimans of Southern _Afric__ari_

orlgin. |

| 2. there ara alterations In _tha_ rate of o-mye, c-fas and cofun axpression

following the mitogenic stimulation of culturad calls with alkaling
medium, | |

3. the X-gana of HBV is an oncagsne derlved from & mammalian host.
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| 2.1 MATERIALS

The i:hamicals used were of aﬁa!gﬂnal reagent grade and were obtained

o ffem_ racognised commercisl vendors. Al ragiosctive Isotopes were

‘purchased from Amrsham.‘rha_ sources of enzymes and other speclalised
" materisls are indicated in the relavant sections of the text. Sterlle

. plasticware inciuding tissue culture flasks was supplied by Nune.

b

Formarnide was delonised by trestment with Blo-Rad or Sigma Charical
- Company mixed bed r-~'n, T{;: approximately 100mi of farmamide, 2g of
resin ms added, and the mixture tti'rfed for éppraxima’tﬂv 4 .haurs_
| _'fhmaﬂar. the solutlnn W&S ﬂltm‘&ﬁ and stored at -20°C for up 0 8

- months befnra use.
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. Salt séturata_d pherol was prapared according to the procedure outlined by

Davis ot ¢f {1986}, To & 500 bottle of phenol, 100mi of 2M Tris, pH 7.4
~ and 130 mi of water were addad, and tha phendl aafrsfhily heated to 37°C

with shaking unti it dissnlvad.' The upper 'aqiiaous phase was ramoved and

100mI of 2M Tris, pH7.4, 25 ml m-cresol and 500mg 8-hydroxyquinoline
was added. The aqusous and phenol layers were starad together at room
tamperaturn. Thn_yallow p;g:anol solution {top layer} was used for nucleic

acid extractions. '-

Wherever possible, starlie disposable plasticware was used for expariments

involving RNA. All solutions, except thasa contsining Trls, wera renderas

RiNase fres by the aﬁdmdn of diathylpytocafhongta toa cqncahtraﬁﬂn of

0.1% and autoclaving. Tris contalning solutions were made up in starlle

- Baxter water and thereatter autoclaved. Pipette tips and glassware ware

treated by rinsing in chioroform or an aquecus solution of 0.1% |

diethy!pyrocarbﬂnaté and tlgan subjected 'in autoclaving. -

1
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Corex tubss {Cnmihg!ahd other ﬂaésware to be usad for work with DNA

and RNA wers washed .thdrnughly and then immersed Ina sn!utiun of 2%'

dimethyldwhlomsﬁane in chlamform. The matanals ware than hakad for 3.

hours at 1 20°C 2nd after cooling, the pmcedu erepeated After rmsmg and
autoclavmg, thay wers ready for further use. |
t.w’ | .
The pronedure for sﬂicamsung of the glass plates usad for seuuencmg gel

_alactmphoresis was simpler, butthe snhcomsed-surfaca did nct last as long.

Each time the plates were assembled for elactrophoresis, thay wers wiped -

with a 2% solution of dimethyldichlorosiiane In-chloreform and then finsed
with sthanol. It was found that siliconising of both plates resulted in easier

handiitg of the shquencing gels after electrophorasis.

"

Sephadex G-50 was placed in water and incubated overnight (at 5°C) 10

swall the beads. Thareafter, they were autoclaved 1o starilise.

A 'ca_!'umt_t\was y_sua{h} prapargd using a 2ml Pasteur pipetie. The narrdw
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part of the pfpet_ta was plugga& wfth giliconised _gls:'.s woo) be‘fbre pouring

inthe s}gphadsx G-50. The column was -wash'ed. by passing through éevara{
- volumes of column wash buffer'm)mh_d Tris, pH 7.4, 0.1mM EDTA, 0.05M
N&Ciand 0.1% SDS). |

A 10 mg/mi solution of RNase A {Boshringer Manrheim) wes heated in &

 boiling watar bath for & minutes In order te inactivate DNase. Thersafter,

the RNase A was stored at -20°C befors t se.

109 of bacto-iryptona, g of bactoéyeast a‘:‘t&kact. {Difco) and 10g of NaC

wers dissalved in 950 mi of water, the pH adjustad t 7.4 and the volume

of the solution was finally adjusted to 1 litra before autoclaving 't_o sterilise,

LB aga" was ptepgréd' by making 8 1.5% solution of agar in L8 medium.

Bottom agar used for the cultuﬁfxq of bacteriophages was prepared by tha .
addition of Mg’SO@ to LB aqar' 08 cnnfmntkuﬁdn of 10mM. Top agar was |

 similar with the sxcaptian that the concentration of the agar was 0.8%.
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i
: with the additlan of watan 1 mf of 1M Mgsm (ﬂnal cuncantration 1 mM}’

“Top and boitom’ hgamse snlutions were prapared by substrtuting agarose

for agar at the same concentrations.

Amp:cs lin atock mfutians {50 mgim!) were sterilissd bv f:ltering snd then

added to the culture md\ium or agar {on coalmg to =50°C) if requirsd.

Liquid culture wes carried out in glass Erlenmayer flasks which had been

sterilisqd hy autaciaviﬁg._ Agar plates wera prepared in plastic Petri dishes

which wera supplied sterile (Sterilin, Hounslow, UK).

The procadu:e used Was essentially that described by Davis af a/ (1986).

Initially, a phosphaie buffared saline solution was made up as follows: 60g

Na;HPO, 7H,0, 30g KH,PO,, 5g NAC! and 10g NH,CI ware dlasolvad in

900 mi of water ang the pH adjusted 10 7.4, 100 m! of a 20% aplutlon ;
{wiv) of glu'co;aﬂwas adﬂad. 100 mi of thia sdlutian 'wds made up to & litre
and ﬂ.‘l mi nf ™ Cac& {final concuntraﬂun 0.1 mM}, All of the so!utions
excapt the giucose_ sqlutioa_ wera autoclaved for stariﬂsation. ‘_l'ha glucose

solution wés filiiir_ starilised. Minimel agar plates ware poured using 1.5%
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" E'agmt"ss-i Mini‘mum Essantial Medium (MEM} Was' praparad aécording to thé-.;
- manufscturer's inatructinns {Gibco). After appmpriata sdjustments tn“thu
pH tha solutions were sterslised by pressura ﬁitratlon usiag Mlllipura 0 2u
fiiterg. Fostal caif serum (Gibco) was mactivatad at 56“(: for 30 minutss

before uge in media, | |
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H'epatcceuular'ca'rcmom# and adjacent hepatic 'tis'sue_afpgcim'ans ‘wora U )
ramoved from sight patl_ants at"s.urga'rv ar :sunn aft#fr death aad'_th%ri 8 )

immediataly frozen In Kquid nitrogen. Of the patients, all except ong had
. gerological évidenca of infaction with hepatitis B virus '.(HE'V). Normal livar
- tssue was abtained at surgery from ;irgar_a donors wh¢ did_ not have ariy :
svidaence of liver disease, The in'a!ignanf ot banigﬁ ﬁatum of the tissﬁé
~ specimens was a#sassed histotogicallv in thé =r¢utiha ahaiamical ﬁathuiogv_ .

iaboratories of the South African Institute for Medical Ressarch.
Totat callislar RNA was isolared from the tissues actmrding to the method

of chamczynski and Sacchi {1 98?! Approximataly 50 mg of tissue was |

homngeni.;aﬂ @ ml m‘ :so!utlon D4 auamuimum thmcyanate. 28 mM E
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soﬁiurﬁ 'eitrate." pH 7t 0.5% _s'a:aosvl,"_ 0.1 M 2-mercaptoethanol).

\\“_,'

. Saquentéallsf,uc' T mi c‘;f 2 M sodium acetate, pid 4.0, 1 mi of phanol- {water

saturatad}, -ﬁnd 0.2 ml of chl&\pformf isoamy! alcohol mlxture {49:1) were

B addod ta the hnmoganate w&h thorough mixing of th&a reagants by shaklng.

m ﬁna! ampogzlon was incubated on ice for 15 minutes. Aftar

o 'amtrﬂugaﬂm at {m OQOxg for 20 minutes at 4°C, th2 RNA was present
inthe upper phase, and the proteins and DNA were at the interphase and

. m the phenol phasa The aqueous phase was transferred to a new tubs,
m;eed wtth 1 "rm"af.isaprbpanol,' and then placed at -20°C for at laast an

" howr in.ar_djaf t0 precipltate the ANA. Sedimantation of the RNA was again

. 'bf.wﬁtflfug&ﬁioﬁ (10 Q0Oxy at 4°C for 2G rainutes), #t_ﬂd the RNA pellét

| wa’s.sué_panéedj'i\n' 0.3 ml of solution D, transferred to & fresh tube, and the

,_;NA__ 'rahraaibitﬁ:tad with an squa! volume of isopropanol. The final RNA
 pallst was suspsnded in 50 i of 0.5% $SDS, and the concentration of this

. golution détarmlnad by absorbance at 260nm using the convaersion factor |

zif 1 QD,% = 40 g RNA/mi, The BNA prepared according to this method

wag ganarally' of high pusity - the ratlo of absorbance at 260nm to that at

280 nm was consistently =1.8.
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. al, 1986} cantaming 0.66M formaidahyde, x MOPS buffar {0 92{\# MOPS
- pH 7 fJ & mm sudium atetate and 1 mM EDTA) and in some cases ath!dlum

- bmmida 1 a final concantratian of mygiml Aftar a!actnc:phorasis. the gels

 0.18M NaCl, 0.015M Sodium citrate, pH?_.m and then blottad onta nylon
B or n&mé&!!nlosg membrane {Hyhond‘l\i“‘_‘. or Hybond £™, Amérsh_am) using
standard procedures (Davis ot al, 19886). Cross-linking of the AMA ontothe

 nylon’ mambréna was h\'{- aXposure to_'shart' wave UV itradiation for &

20 ﬂ'g of fotal catiular RNA was saparatéd on 1.5% agaroée gols (Davis er

minutes, and fixation to the nitracallulosa was by baking at 80°C for 1

hour,

' Tha glot blnt pmcadum was according 10 that of Davis ¢ af {1986} using

. Schlaicher and Schuell SRC 072/0 Minifold §t apparatus. Serial dilutions

of total cellular RNA {5 -0.01zg) were appiled 10 thg slotg, and then affixed

to the membranes by UV irradiation, In each of the experiments, an excess

~ of yeast transter RNA {Sigma Che'mical.(’:qmpan?) was applied to on~ of

the slots in order 10 assess non~spaciﬁ{= -biﬁdlng of the 'proba.,_
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. -
22.3.1 Isbtation

Speciiﬂana Waré hamgehl‘aed in buffer {O M éodi'um écatété,- 20 mM Tris-
H(‘i and\ mM EE}TA, pH 7.5}, and the cells ware lysad by the addition of
58 b om% The tvsate was axtractad with an equal volume of §8- |
phenotichloroformi isoamvl a!cohol {50 so 'i) and the phasas ware

saparateﬂ by cantﬁfugatnon The aquaaus phase was ramcvad and re-

acted with S&phennl and thsn ayaln with chlamform !/ isnamyl alcahol '_

(24.1). The aquanus p,hasa- was rarnova_d and th_a -DNA pracipltate_d .by tha_' - |

addition of iwo volumes of athﬁﬂnl' After spooling, the DNA was dissolved

" in TE buffer (10mM Tris-HCI, pH7.6, TmM Eﬁ'l"A) Recovary of DNA was

| ~ assessad spactrophotamatﬂcally using the convarsion fsctor of 1 oom

= B0 ngiml. DNA prepared according- to this ma_thad-waa genarally of
| sufﬂciant"pqrity for Southern blot analysis - the ratio of absorbance at

) _'zao'nni to that at 280 nr.:waé cansisientlv =1.8.
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15 pg of DNA was digested with 60 unité of rés'ttit':ﬂén enzvnie according
1o the’ manufacturer’s instructions {Boehringer Mahxahéim} ~-and
' “alat:trqphoresed in a horizontal 0.8% agarose gel containing 1x TAE buffer
(0._04M Ttis-Hct. pH 7.2, 0.02m sod'ium scatate ;_mcl 1'mM EDTA} and 10

| _ng';}mll of ethidlufn brémi&a.-? After eia’ctrbphbrasm, the _Qa_fs v#eré prbcassed
{Davis ot &/, 1956) by iric;i:batioh- twice for 30-minu£e$- in an excess of
solution A {1.5M NaCi and 0.5M NaOH) and then twice for 30 minutes in
. solution 8 (1M ammonium acetate, 0,02M NaOH). The gel was then
‘blotted onto Hybond-N™ nylon membrane “according 1o sténti_ard |

| pmceﬁﬁras {'I.'iavis et al, 19\361‘

"'!“.ha 'p'kehy-bridi'satidn and hy'bri&isaﬁan was dbne.éssantia!hé- according to
Watl et &/ (1_9?9}; Eriaffv, prehybridi#atibn was c_atried out at 42°C for at -
least & ha'u-ré in & solution compeising 25 mM KPO,, 5x 8sC, Sx Denhardt's
 solution {100x Denhardt's solution = 2% BSA, 2% PVP, 2% ficoll], saimon

~ sperm DNA to a concentration of 50 #g/ml and Sﬁ% deienised fdrrn'amide..
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Hvb?tdisation was for 18 h.ours at 42°¢ ina saiuﬂon-simﬂér to that of the
_ préﬁybridis'ation with the addition of & heat denatursd radiolsbelled probe
s '_(praparad a8 dascribed in Section 2,2.5). After hybridisation. the Southarn
blot filtérs. were sed;ﬁen_tially washed at 85°C for 30 minutes 'in the
| fuiiuwing safutfans: 2x SSC. 2xSSC and 0.1% SD§; 0.1x 85C an'd ﬂ-.‘i%
DS, The Northern biﬂt ﬁltars were washad sequentially for 30 minutes at
azvc each i 6 SSPE; 1 SSPE and G.1% SOS; 0.1x SSPE and 0,1%SDS
{-1x SSPEis 150 roM NaCl, --!0 mM NaH,P0O,, 1 mM EDTA._pH adjusted to
7.4 with Nam-i) Autora;%mraphy was at 7008 using 2 Chrosex

~intensitying screans and Fup X r'ledlcal X-ray ﬁl:n. A Ee:::kman scanmng
ety

- denaitnmater {model CDS~2001 was used 1o quantitata the Intensity of the B

slots and bands. These scanmng data were correctad using a ratio to the
intensity of a methylene bign sj -;)nad image of RNA on the blots or by usmg-

. an B-actin probe for re-iwiﬁrldisatian 10 the blats {Davis et él .'l 286; -
”Sambmok et al, 1989}, A 0 249, Skh molecular wa:ght markar laddar f
. {Bethesda Research Laboratnries) was used to detarmine tha sizes of the
transcripts uetected on the Northern blots, The sizes of the restﬂct:ond .
_fragments detacted on the Southern Liots was detarmn}d usmg Hmo’ﬂl |
vigested phage A mo.!ecular wanﬂht_markers _!-Bnehrmger Mannhgim}_.

o
i,
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.Al! of the oncngsna probas used (c-fos {van Szraaten &t al, 983}, c-myc
{Dalla-Favera et al, 1982}, c-Haras {(Chang et al, 1982} and. c-erbA
fJanssen ét al, '3982)). had been cloned i’nt;i.darivativas of the _pl_as.“:e_id
| _pBF%322, and thev-canfarrad ampicillin resistance whan transfacted into the
| HB101 £ coii bacterial strain. The procedure used for tha transformatmn
was essentaaﬂv acmrdmg 1o that af Daws et af {1986} with .soma minor

maﬁzﬁcataons.

Bactenai HB3101 celis from a smgla colony of & plate culture were grown
~ for savaral hours at 37°C in 40 ml o' LB madium with vigorous shaking
until the optical densxtv at 600 nm was Q31w 0.5. Tha melis wera then
centnfugad {2 500 X o) at room temperature for 5 mmutes and the pellet
- gently resuspended in 20 mi of 50 mM CaCiz. Thesa cells were than _.
incubatad on aca for 30 mznutes, recentrifuged &t 4°C and then the ;:allet,
resuspended in 4 mi of 50 mM Ca(‘ta. This finai suspensior of comp&tant .

ceits was mcuhated overmght at 4"(‘ before usg. .
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In & storiie tube, & solution containing about 0.1ug {ususlly 1-20 uif of-

recombinant plasmil DNA was mixed with 200 ¢l of compstant cells and

incubated on jee for 30 minutes. Tharaafter, the cells were _’heat_shockéd'
far 2 minutes in & water bath at 42°C. 1 mi of LB madium dnmaining 50ug
of ampicillin was added to tha tube, and the hacmﬂa al!owed to graw at
' ?"c far 45 minutes. R o

The transformed calls were then sprasd oﬁt_o L_B agar. plates containing

ampicimn-’(m{ml). invarted. and grown avernight at 37°C, Plasmid

~ extracts (see below In Section 2.2.5, 2} from the colonies wers aub}actad o

13 k, ’

| to rawicticn anzyma mappmg hafore further anaivsis

/‘\

'_'Thn pfocadura ugad wes & modiﬂcation of the technlgue described by |
Birnboim and Doly (1979}. A baotatial colony selscted from s plate of
transformed HB101 & coll bamria.was' used to inoculata 200mi of LB o
contalning ngml of ampimi!m. The broth whS cultufad warnight at 3?“0 -

with vigumus shak!ng.

The calls ware then pellsted by centrifugation at 2 000g for 10 minutes
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™ and the palist resuspended in 4.5 i of glucose buffer (26 mM Tris, pH -

8.0, 50 mM glucasa and 10 mM EDTAL 1 9 mi cf a snlu*ion aontaining
_ .kysezvma (BoahringerManrzhmmi {Bmgimi in glucose outfor) was added and
-t_hs solution incubatad at room tamparatura fa_r B mmuta_s. 12 m_f of 0.2 M
_NaQ.H with 1% SDS was t_han added aﬁd the sdlutibn placad on ice for B |
| .minut.as. (Thafaafter,_s mi ai"ice cﬁld p‘_oiasﬁium aé_éfate #cl&tian_ t29.4g_ |
potassium acetate {3M) and 11,5 mi glacial scatic acid/100 mi) was added
 tothe tubs and it was then carit.rifdged {12 GOOQ) 'fd'i*"!:s minutes at 4°0,
'Aftar tha addition of an equal volume of isopmpannl 1o the aupematant and
15 minutes incubatlan at. ~20°c, the DNA waa palletad b\: cantfifugatlun .
{12 ouugx far 20 mmutsu at 4°C, |

The DNA paliet was resuspended in 0.8 i of TE buffer {10 mM Tris HCI,
pH 7.4, 100uM EDTA). 1/10 volume of 20 x SSC -7d 2541 DNAs» frae
' RNAss A (Boshringar Mannhelmi {10mg/mi) wes edded 10 this and tan
incubated st 37“!3 for 30 minutaa. BO;;I of 3 M sodium acatate {pH 7.0}
was then addad and tha mlutlon axtracted.once with aquai va!umes of So-
phenol and chioroform and nnca_w_ith.an gquat voiuma_- of chlomform. Tha
aquanus 'p.h&afe was removed, and the DNA mcbvarad after the addition of

an equal volume of isapropana, incubation at ~20°C for 20 minutes, and |

then cantrifugatiaﬁ for 20 minutes -af 12 000 g; ?'!w’ suparnatant was
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| discarded, the pellet air dried, and.tha DNA SGsﬁsnded_ ih Sﬁm of TE huffer.
tncluéion of thé RNAss digestidﬁ stap éiloﬁed a reasdnabtv-.accurata”'

" maasureent ﬁf'thé DNA conceﬁtmtionﬁ by absarbéndé at 26(_3' ne.
Pfévfousls;; RNA contamination was very significent, and made convenient

) spectrd;iﬁdtométric assessment vof the DNA concentiaﬂnn-impbséihl_a. Thae

plasmid DNA solution was stored at -20°C until further use.

Plagmid DNA was digented using the appropriate restriction |
_endonuclease/s accarding to the manufacturar's {(Boehringer Mannheim)
inste uctlons. Genarafly, 4U of restﬂction anzyma were used psr gg of -

plasm]d DNA, and the incubations were carried out at 37°C for 2 hours,

Digssted plasmid DNA waa subjected 10.0.8% agarose gél elec_trophbres_'is' _'
snd the DNA bands visuslised by swsining with ethidium bromide (as
described in section 2.2.3.2). The arass - ; the gel bearing the oncogene

insert bands waere excized fi:r' extraction using the glaSs rﬁllk ad&arptibn

techniqua {Vogelstein and Gillssple, 19?9) (Geneclean I Kit, Bio101}. This o

proaedura was found to be rapld, raluahla snd. cnmparad favourabiy with the

cqnventfonai- glectroalution techniqua. Brisfly, the procedure was as
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B :fdﬂw}s- Thraé volumes of 61V Nal stock solution were sdded to thn-excise;d
~ band ami this mixwra mcuhatad at 55"{‘: for & minutaa After th:
_ agamse had malted. Approximataty 1 nf glassmi'k‘ solution was sdded

pm' #g of DNA sstamatad to be in the miutmn and than inuubated st room

t&mperaturs fors minutas The glassm:lk‘!DNA camplex was paﬂated bv |

. centrifugation fnr 5 seccmds and washad mrna times with NEW WAS}-P
The DNA bound to the giassmilk® was aiuted mto TE buffer by incabatinn

at LJ%C for 3 minutes. This DNA was mady Tor use, and the vield was

checkad by electrophoresis of & smalt aiiquor ant cnmparisnn of band

intensity with those standard molaculat wmght mnrkar DNA bandg of

~ Known amount.

. Anexample of the method of talcu!atian of Ingert cammmm and yisld

is given bv using the data from figure 3.8, Tha molaculer wefght marker

used was a andlll digest of the bacteriophage lambda, Thea total numbar .

of hages in the gnnnm_. of this buctetiophuge is approximately 48 BOObp
and the fragments detectable on the gl are 23 130bp, 8 418bp, 8 5870,

4 381bp, 2 322bp, 2 027bp and 564bp. The smallest 128bp fragment.
land sometimes the 584bp fragment) was generally not visible after
sloctrophoresis, The amounts of DNA in each of the bands is tharsfore the
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fraction 6? the tolal genorms thai the band represents multiplied by the total

| amount of DNA wn:ch was loaded ontd{ e gel in the marker lane. This is

. based on the agsumpiion that digastian is to completion ard the restricﬁcn'

fragments wmch co!lm.twa!v rapresent the genome of the baetemphage’me B

,smsant in equimolar amounts.

in the example dapictad in figure 3.8, it can be sean that the intenaitv of

the 2 322bp fragmont uf the marker lane 1 is approx:matelv the same as _

that of the r-myc encogene fragment {lana 2}, The amaunt nf DNA whigh |

is prq' \m that band is 96ng. (2 322 divided by 48 500 ar.fd mult;phed

by 2pg 2,ug bamg the total amount of bacteriophage markar BNA loadad

. onto the gel.} A Zul sliquot of the solutian containing the ¢-mye fragment -

was slactrophorased and tha concenttation per ul veas therafore 48ng/ul,
2,2.5.4.Probe Laballing

The multiprime labelling mathud based on ihé protocot of Feinberg and

Vegeistain {1984) was ussd for the labelling of the p‘robés._ The following

companents wete added to a _steriia microfuge tube at the cormmencemant

of the reaction:
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Heat danatured DNA Template (25 ng; |

5x Multiprite fabellin | buffer (260 mM Tris-HCI,
' pHB.0, 25mM MgCl,, 10 mM DTT, 1mM HEPES, 26

' #m anitsimi random haxadeuk?ﬁucieoﬂdasi

H5A {smqun

” l Water
! 50 4C [o-*PIACTP (3000 Cifmmal, Amarshar) 6 B
- l(tennw Enzvma _. 2 @

The resction was allowed to procaad-at room temperaturé for 4 hours.

Checking of the incorporation of radiolabel and calcuintion of the speoitic

activity was according to the instmctfﬁns of Amersham‘ unincorporatéd

Rp.dCTP was removad by glassm‘ik sdsorption fsse section 2.2, 5.3} or

Saphadex G-50 chrqmatographv (Samhronk at aI 19891.
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2281 Proteln Exyraction

_ Anpmxim#telﬁﬁ mg of tiver tissus wes hninosja’_ﬁse;l ina fn! i:f TBS butfer
(50 mM TrisHCl, o 7.8, 150 mM NaCl, 1%’ ‘m X 2 mM
phenylmethylsuiphunyi f!ucmda {PMSF]). The cell dabns was ramovaﬂ by
brief centrifugation in & mk:rofuga {10 .QOOxg for 2 minutaai. -The protein'
in t!ﬁ supernatant was precipitated by the ad;{;tlon;fbf% volumes of ige cold

- acstone and mcavsrbd by cantrﬂugatlnﬁ for & minutés (10 000 Q) The L

&

o protgin was resuspandad inTBS and the conc«ntratiun detq;mmed uainq

the mathod of anry st af {13511.

. 100;:3 of pmtam was sub]ecmd 10 sns uraa polvacrylamida gel
-alactrophoragis according to the methnd of Laammn (1970). In =il
axporimants, twq similar gels were run - one waf stained with_coomﬁsiu
h!?a In order to confirin that aq_u#l amounts of prataln wers loaded on ai
- of the {anes, The gels usad for further énalysis weré slectroblotted onto

-nitracellulose membranes (Hybond NC™, Amarsham) and tha blots probed
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 with polyclonal rabhit anﬁ-human c-m and cv«mgg antihodlas {Medau,

Hamburgl Detection was performed .sing ¥ iabal!ed protain A "

~_{Arrersham} and autaradlagrsphy. ‘These __prace_dureg mr_a gasentially

-according to the rocommendations of Amersham,

The -prabing: procsdurs was as_'ﬁsst: Initiglly, non-gpacific sites on the |
* tiltars wera blocked for 30-80 minutes with blocking solution (3% BSA,

0.1% Twsen in TS buffer at room temperatura. Probing with the primary

- antibody -{diiuted 1-250 in bimking solution} was done ovamight 8t §°C

with gentle' anltation Theraafter, the bluts wera waahad twica for 18_ |

mmdtas inQ.1 % Twesn in TBS buffer. The ﬁound primary antibodies werg |

detacted by incubation in TBSfTween-_soiutlon containing 0-.3-0.5 uCihlat

1451 Inbelled protein A for 1 hour. Excass unbound proteln A was mﬁmved N |
by washtnq in two changes ot £250 ml afTBSfi’wean solution. The biots -
wers then exposad fnrsuturadiography.."rha automdiographa were acannsd' C

dansitumatﬂcallv, and the !nwn:%ﬁes of the signale obtainad mmparad to
thoss in the normal tissue ap&cimna t1--00%i. Rainbow maleculaf wéight -
markers (Amrsham) ware tmd to_ detarmine ths azzes af the prutelns'
ﬂatec:tad bv tham blottina.
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3‘1‘6 motse amhwo f:brnbiasts {Ftuw Labmattmes} ware malntainnd in :
| | Eagte‘s M:mmum Essantial Medium tMEMl supplemam&ﬂ wxzh 1% fatai caif
serum (FCS} For 8 parind of 48 huurs pr:or to exparimantation, the FCS

| conqamratlog was reduced to 0.5%. Suhsaque_ntly, the confluent

dihnolav&aré .\'m're stimulated by the addition .nf_ MENI at pH 958 for 5

 minutes. Qéntraks_ wara performed in which tha caliz ware subjéctad toa

change of. MEM contaizing 0.5% FCS. After stimulstion, the cells wers

harvesi&;! by trypsinisation of the fiasks st 2 hourly Iintefva'ls from 0 to 14

- tiours,

Trypslnisaﬂun wes performad a8 followa: The euiture medium was ramoved
. from the flasks &nd the monolayar rinaaﬁ ance with calelum and.
- magnesium free phosphate bufferad saiine (PBS) (8g NaCl, 0.2 g KCI, 1.18
| _'.g NagHPm, 024 KH;PO; made up to 1 litre with distilled water}. Pre-
warmed trypsin solution {Difco, 0.2% wi'y in calc_him imd mannasi'ur"ﬁ frag
' PBS) wWas than gdded. to covar the monolaysr of #aﬂa, and the flasks Wera__ | |
~ gently sgitated to tacilitate di#sm:lﬁtim of the cells_. The cuntenia were |

then transfarred to & sterlle tube and the calls collectad by caritrifugatiun,‘-
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washed with calcium and magnesium free PBS, and storad at-70°C before

RNA extraction. ﬁniv ﬂaska whare the cafl visbility was assessed a3 being
_greater than 85% by wpan blue exclusion (Babior and cohsn, 1981} wara .

usan for further RNA analysns

' The ﬁeileted cells were adhjaﬁt&d to BNA extraction according to the
| ‘methad of cr}gnmzvn:ki and Sacchi {1987) (Section 2.2.2.1) The HNA_
was then processad by Northern and siot blotting as has been daescribed in
pravidus sactions {2.2.2.2-2, 2 5.4}). The hlots wera pmbad with multiprlm
- {Fainberg and Vogeisteln, 1 584) Iabelle:i o-fos !van Straaten ot al, 1933). “
c-mys (Dalla Favera ef 8/, 1982) and cjun {Lamph et &, 1988)_ probes.
- Afugr -hvbﬁdisatlan and autoradiography, the signal detected by image
_. snalysig was exprassed as a réﬂo' 1o the amount of 188 ribosomal RNA | |
' datgétéd- onthe hitrcuceﬂulusa blots by staining with methylane blue (Harrlri
and Schmldt, 1988) The data wera then axpmssed a8 the oifferance
betwesn the ratins detected after alkaline stlmulation and thoge abtained

atter raplacing wlth trash madium in thoe contral calls.

| Methy!ené bive stéining‘ was found 10 work only on hitéuceilul'oaa filters and
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not on nylon mﬁaﬁrﬁnaa. The staining proceda/s (Sambrook ot af, 1989}

was briefly as follows: The filter was initially soaked in 5% acetic acid for

15 minutes at raom tamperature and then transferred to a solution of 0.5

M sodium acetate (pH 5.2) and 0.4% methylene blue for 10 minutas. |

Tharaaftar, the blots were briaﬂy rinsad in water and the stained RNA

. visuaﬂsed

R E .

in & sacond set of expariments, after alkeling stimulatlan, tha"i'nflt'urad calls -

wera pulsed wlth 16 401 &[’Hl-uﬁdme (3:40 Cifmmol) {Naw Engiand

- Nuclear] par mil nf memum for two hour parlads from O to i4 hours. |

- Controls were parfurmad.in whith the cells weare not stimulated but putsed

with radioactive uridine, The RNA was extracted as previously described

_(Chmhczynskl and Sacchi, 1987} and then subjected to urea denaturing
- polyacrylamide gel elagirophoresis accoiding to the method of Lichtler #2

al t1932}; Samples of apprﬁ:dmately §0 000 cpm-wei'e applied to' asch

Iane. Gels procussad fur ﬂuorography ware impregnated with sodium
' salicy!ate [Chambarlain, 1979), dried, and than expasad to Fu]i nx madlcai _

. X-ray fiim for up to 2 wageks &t -70°C, Esch of tha Auorograph lanes was -
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' s_cérin’ad dansitornatrically in order to compare the newly svnthésised RNA, - LA

The denaturing 5% polyacrylamide gals were stained witn silver according

to the method of Biediar of of (1982).

i
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2a. S "

8 waok old mice were sﬁwiﬁcw W'cmi‘cai dislocation, The-;fqllowingﬁ
'tis_gues warg famoqu 5\« dissaqtion for fun.ha? ana_!vsls: brairi;-» thymus,
heart, liver, spleen and kidney. Hapatecaliular carciaoma ﬁnd adjacent
normal hapatic tiasus wre rasected trom 3 'pa_tiﬁnts at surgﬁry and then
_immadi&tew immarsed in ii.quid ‘nitrogen, All” of thess patisnts hsad
serological evldehcal of Infsction véith hepstitie aﬁ.izi_rtis_. DNA was also

isolated from lsucacytes obtained by venessction from ﬂfnlnfsctqd huran

volunteers.

DNA and RNA wers Isolated and subjected to Northarn and Southern blot
h}%ﬁdisatic'm as doscribed In previous Sections {2.2.2-2.3.8} with the
following modifications. |

72



'Powadanvlated RNA spac!as were selected by adsnrpt:on 10 ohgo(d‘i‘* :
' nallulose nccordm{; 1o the mthod devised by Aviv and Leder {1872} and
modified by Davis at af {1988).

Thres methoda for ths labsiling of X-gana probes wars u:sed:

The primérs used for the PCR !ﬁhﬂlllng of :nNA were synthesiced usif;g 8
g Mll!iparé aliganuciedﬁdt synthasisar according to the manufacturer's
instructions. Tha synthesis micamad out s a sarvice at the facility of the

Biochemistry Departmant of tha University of the Witwaterarand,

The oligonucieotider were 24 base sense (5’

COTTTGTTTACGTCCCGTCGGCEE 3°) and antisenss (5’
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CYACAGCCTCCTAATACAAAGACC 3') atrands at the 5° and 3" ends
{nucleotides 1420 to 1443 and 1788 10 1765 respactively] of the hopatitis

. B virge X-gene. The bligonuclaotida primats ware t_:sed gt ﬁoncant'ra’tién

of 0.26pM. 1.0ng of the Hav DNA containing the X-gena fragment

provided by Dr W.E.Robinson (Wu at ai, 1980} was used 25 template DNA.

“The PCR buffer containad 5O mM KCi; 10 mM Tris-HCI (pH 8.9) and 1.5
* mM MgCl,, The concentrstion of dGTP, dATP and dTTF was 50uM, whils

the final concantration of unisbelled dCTP was w;.-'m 100 4Clof NP HOTP

{ :!:3000 Ci/mmmol, Amarsham] was glso sdded tothe raac.tlon Each mixture
. hsda final vniume nf 1001, PCR was pm'fnrmati using 2 % units of Tag

polymerase {_purcpm fram sither Catus of P omega) f_ar 30 cycles - gach
cycle being 94°C for 1 minute, 66°C for 1 minute snd 72°C for 2

* ‘minutes. Thars wat & final sxtension atup' of 10 minutes at 72°C.

Unlncomomted “P«dC‘l‘Pwas rarnovad bySaphtdax Gvﬁ!} chrmmtngrabhv -

{Satnbrook of a/, 1989). and the labalted bNA wu danatursd by heating in

a boiling water bath for & _m_imatea priny to use in hvbridz:atlnmxpuﬂmnts. _

- T4
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“The protoco! used was § moditication of the procadura devised by Msiton -

" ef al 11584) for ANA ﬁynthesis in vitro. The standard transcription protocal

mva!vad addmg tha feliawlng compomnts 0 s amila tuha at roorn

) temparaturo

{ v oM spermid!nﬁ. 50 mM NaCﬁ

Sx 'mnssriptmn buffar (200mkk Tri-HClL pH7.5, 30 mM Mnt:i,, :

o S e
rRNasin® ribmmlaasa mh;bimr tiOuf;:‘/ ¥ooe <
~ 0w

:“1”“-"'.—.\ ‘,r "
ATP, GTP and P mix ’-2-5;. nMeagk,

- . . ’ ommw.

CTP 100uM | A

Linearizeg SP84 plasmid tnmp!ate DNA tiﬂaiﬂl i TE butter)

14 |

{o- ’P]ETF {80 m:i! u;aoao Ci/mmol, Amarsham)

f sPe RNA pcwmrm 120 wiul, Promags)

| Nuclease tras water

The raaetion WS aliuwed to continue for 60 minutes by mcuhaﬁcn at
37°0 . The iabslled HNA was then purified 25 follows:

10 units of RNass ires DNass | {10uis!, Boehringer Mannhoim) was added
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“to tha reaction mixture and then incubated at 37°C for 20 i-ninﬁm's. :

_' Theraaftdn 40 2 of RNA;& frae Wat'af wﬁa ﬁddad io the rixture, and it
. was then extracted once with aquat volumes of SS-phenol and chloroform. .'
and once with chloroform alons. 20 of 5 M ammoniuni acatate was then
added, and the RNA precipitated by tha addition of 250 w athanol with |
 incubation at '-70°c _fOr. 15 | minute&_. The RANA was tscovarad b\_f
cantrifuu&tion ai 12 ooég'fo_r 20 minutes at 4°C, After resuapunsinn in 50
h of TE butfer, the par&entaﬁa incorporation of {-?PICTP was assessed

- bs' liquid scintillation. counting. This mettwd of probe labelling was hi;;hlg
. atficlent -mmﬁni&a&_ incorporations ususily rangod from 80-80%.

The condlﬁons nf hybridisation and washing | wers glmilaf ta those
p_ravlcu#ly described in Sﬂctiur.z.z.z.# with ihn Tollowing madiﬂcaﬁons 10
lower the stringuncy..ﬂybzidlsétmn was carriad outin s solution containing |
40% formamide {instead of 50%] god msée. all the ather compaqén_ts |
ware similar to tﬁqsa describad in 3§mlun 2.24. Washing of the b!cta“aftar
hybrldisaﬁén was initiaily In 6x ssc at room tempamu?a"for 18 .rni'nutaa. .
This was foiowed by two washes in 2x SSC, 0.1% SDS for 15 minutes
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" each, The final wash was in 0.2x S5C, 0.1% SDS for 15 minutas at room

- temperatira. After axposure for autafadingraphv, if the blots wera found

t0 have a high backgmuhd. they were again washed in 0.2% 88C, 0.1%

SDS for 15 to 30 minutes st 42°C. Under these conditions, it was found

that stringency was the jowest possible without resulting in non-specific

hybridisation - binding of the'x Qahe-pmhes to 185 and 285 ribas_omat RNA

{used as an indication of non-gpecific hybridisation) was not detectable.

In ordar to facilitate _tha cloning pwce_dixre. the HBV X-gén_a was amplif:ed

using PCR and primers _w'ﬁich had rastrigtion gnzyme recognition sites

{(BamHl and Xbal) at their 5 eads, The ssqu-nces of the primers were |

otherwise similar to those used for the FCR labslling protoco! described in |

- Sacti:m' 2.4.2.1.2. The two primers were 30 nucleotide long sense _ts*
- AGTCGBATCCCCTITGTTTACGTCCCGTCRGCGC 3' and antisense (5"
AGTﬁmGGTGCTGGTGCGQAGAGCA&TTTG 3 aéauéncés focated
towards the 5 ianti 3" ands Qf.tha hepatitis B virus K—'gene respa_ctiveiy

tnucleotides 1420 to 1443 and 1816 to 1793). The BamHl and Xbal

recognition sites are indigated by bold print in the above sequences. In

7y
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addition, the primers hatd a 4 nucleotide 5° erminal redundancy (AGTC),

- which was required to facilitate iater restrit_:t_ion andonuclease digestion.
Ths oligonucisotides wera sach used at a whcantrazicn- of 0.25uM. 1.0 ng

of tam’pmt& DNA (Wu at &l 1990) was wsud, and the PCR 'buﬁer contained

50 mM KCh 10 mM TrisHCI (pH8.8) and 1.5 mM MgCl. The

_ daoxynucleotide triphosphats precursors wars included at a concentration

“of 50 #M. The volume of the reaction mixture was 100zl PCR was

'parformad using Tag polynierase iPromaga) for 30 cycles - each cycle being

 gacc for 1 minute, 85°C for 1 minute and 72°C for 2 minutes. Thera“was |

a final sxtension step a_i: 720C ft':r_ _wmirium. After the ra_actton-was

complets, the amplitiod DNA wae purified us!'ng the gla'aspowdaradsnrption _

* tachnique {Vogelstein and Giliespie, 1979} (described in Ssction 2.2,5.3),

'5P84 pinamid DNA was purchased from Boshringer Mannheim. The purified

' - amplified HBY x-gana fragmant and the '898'4 plasmid DNA wera subjected
10 a double restriction nr&v_m 'fdfge_stion with Bandl snd Xoal according to
- tha manufacturar's insrr_uctinﬁi (Boshringer Mannhaim). The recommendad

- c:mcentrati_nns of the bufier i:nmponants for tha use of those enzymas In

combination Is Tris acatate 33 mmolfl, pH7.9, Mg-acetate 10 rnmolll_-;.'
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- potassium acetate 86mmol/l an_d. dithlothreitol 0.5 mmol/l. The rastrii:ts‘oﬁ
' anzvﬁms were used at a concantration of 4 utilm per g of DNA digested, |
and the rsacti(ms waere al"iowed to cuﬁtinue for' 2 hours at 3’?“3. Af?sr
dtqastinn, the plasmid an X-gane DNA was again punﬁed using glass ._

pawder adsorption {Vogelstein and G:ﬂaspm, 1978}

The SP84 and HBV X-gens fragments wera figated by mixing tha following

componants {Sambrook st o/, 1983

HBY X-gena fragmant

5P84 plasmid {)NA

_ ’i:)x Ilgase buffer tTris—Hcl .58, pH ? 4 chl, 0.‘1M,'.
forro. M, ATP 10raM BSA 50yg/mi)

| T4 oNA llgaa_a 14 umts.. Buah_ringerl

§ Water

Tha reaction mixture was incubated overnight at 15°C.



" "frangfécﬁon of HB101 bacteria was as previously describad In section
2,2.5.1. Transformed bacteria were selectad by their sbility to grow onLB -
- ag&r gﬁata&' cant&iﬁinn érﬁpicil'lin. Piasrid DNA praparatidn whag purformed
sccording to the methad of Bimboim and Doly {1979) with the
m&ﬁiﬁcaﬂans described In aeétlnn 2.2 5..2. The jsfasmid ﬁNA was mappad
_ using the mstricﬁon endonucleasss EcoRl, BamHi and Xbat, Cmfirmatinn _ |
af the renamblnant SPG@ Hsv X-gane clona waa alsu bv Scautham biutting :

af the digested plasmid bNA. The procadum was similar m that dascribed_
in Saction 2.2 3-2.2.5 |

_Tt;a_ _igolsted '-plasmid 'was suhjacte& to dig'aaﬂbn' wlth_ the restriction
anddnucleg,sa EcoRl. “fhis anzyma .dig.ests the '-rééamhiriant piasmid
immadiatsly dawnstréam nf. the Bamil and Xbal’ dlgeaﬂaﬁ sitas a'f.the'
polylinker where the x-ga;:é fragmant was !néertad. A linesrisad DNA
template for ‘run off’ transcription bv SPB polymwrase to produce azitisansa _

RNA was thus convanlently created. Tha promoter of the anzyma was



 upsasameofthe cloned fragment. Tha digested plasmid was tnen subjected
to 0.8% agaméa'_gel électmphoras_is {Section _2.%_.3.21, andg the linear-

plasmid isolated from the agamaq_bv qlaas powdar;adsorptt_cn {Vogeistein

and Gillesple, 1979).

The via!d of the purifisd plasmad was assasaed after ra-alactrophnrasia on

' agarasa. and comparison afthe sthidlum hmmlda stained bands with thoaa :

of markers of _imom concentration. Tha d_igas;gd plasmid was then ready
for prdduction of lsbelied X-gene transcripts according to the method

outlined In section 2.4.2.1.3.
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~ The cDNA libraries used were purchased from Clontech, Palo Alta.
'__-Bactaridphﬁqé Agt1Q wasg the vector used, "arid_- the libraries ware
constructed with reverse transcribed mRNA isoleted from mcxusé -h\agrt and
thyrmus. The progedures used for the titgring of the l_lhrari_ss was ssﬁgntlaily'
aécordlng to standard péoﬁedure# (Sambr{gnk. at al, 1989) évlth fow minor

modifications described balow,

S
it

100 mi of Sta'riia.-t._ﬁ meadium containing 1% maltos__a and*10 mM MgSG,
wa; iﬁgcﬁl‘_ata_d_ Mth a frash colony ﬁf £ oot | "-jﬁ hacteria {Glpntucm.
Tha calls were gtown at 37°C with vignw'aiis'ah_aking untit the bp*.zz.safl N
density at 800 nm was appfnxlmﬁté.l'\) 1.0, Thg- 'cgi‘ﬁs: were tﬁ_én collected

- by can'trifugati.on,- tha suparhatant was digcardeq, afid the call peilet was
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rasuspended in 50 mi of 10 mM MgSO0,. The cells could then be stored at -

4°C for up to 2 weeks prior 1o use.

A'serie_s"nf 5-10 ten-fold dilutions were made from 141 0f the cDNA library

stocks. The dilutions were made in TMG buffer (10 mM Tris, pH 7.4, 10

M MgSO,, 0.001% gelatin) and wera added to sterils tubas. 2004] of

plating cell solution {(section 2.5.1.2) was then added t0 the becteriophoge -
 difutions, end ingubated i_at 37°C for 15 minutes. 2,5 ml of melted top agar

 {oooled tor BO®C) was thqﬁ added to each of the tubes. Immedistely o

thereafter, the solution was pou’rs& over bottom agar on a 90-mm cdttura_ B

| plate. The bottom agar plates had been warmed to 37°C prior to use in

ordar that the top agar would not sofidify too rapidly whan poured. The top

- agar was sllowed ta harden for 20 minunes st room temp«fatum betors the

plates ware invertad and incubated overnight at 37°C. The plaques wers

counted before thay had grown to conflugncy and the titer l_n. the adn_iz:al

_ s:at;‘k_ samples of the librarlas cnald thus be ca!cn!ated.:‘rha units of the

titer measurements ware piaque forming units (pfu's) pér millilitre of stock

_bactariophage solution. The titering procedure allowed acourate

datermination of the atnount of sample which would be faquirdd for Hbrary
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piating during screening.
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. . o
Génera_l_ly, approximately 5 x 10% pfu’s were plated oato 2 15C mm LB agar
pive. During a primary.sc'raen. the sl number of plagues analysed was |
. approximately 10% and the nﬁmb_er _ﬂf 150 mm plates used was theretore
20, 3 _ .
The plating procaduré was as foiiéws: To begin with, 15 mi af plating cells |
wsré’ placed in a sterile tube, Iarid' 1-1.5%10€ piaque furming units from the
‘titered stocks ware added ‘o the bacteria and mixed. Adsorption of -t!je
| phags 1o the bacterial ceils was allowed to proceed by irsubation at 379C
- for 20 minutes. Thereafter, 600 aliquots were pipefted intﬁ sterile 10mi _
giass tﬁbas. Six mi of.msited sterile LB top agam#é at 50°C was added to
each tube ﬁnd than immediately poure& over an-LE agar piate and swirled
- for éuen disttibution-. Tha.' aygarose w._ﬁs' alfow: i to harden at room
ta&nperature_ for i'h minutes. Theze’afteﬂ the piatés wore inverted and
- incubatad at 37°¢ for 10 to 16 hours - that is until plagues were evident,
'but_- small enough not to produce confluent lysis over the ahtira ;ﬁlate.-
Expansion of the plaques was stopped by caoling the_;;;a_tes to 4°C whaere
| they ware stored for approximately 1 1o 2 hﬁmrs befara the making of lifts. |

This cooling step also served to harden the top agarose.
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. The mt&od t_nsedf.wa's mntlaliv tha_t. of Brenton ah_d Cavis i19§?) with
| .aume- modifications isambfwk atal, 19?_91. The éimt-jl&r_ nylarimembf&ngs
wara carefully piaced onto the plates, and plaqu§ adsorption 5!_!md_tg '
. procede for about wrﬁinuta: During, ;ais'stago, about w:x talés were
punched asymrrmrmaliv around the mdges of tha mters and the:r.
_ correapondmn poamons on the plate wara marked. Thn ﬂ!tats ware
removed fmm tha plates takinq r:arc nnt o dxaladga the iayar of top
agaroaa T‘haraafter. a aat:and sat cf dupﬁcata ﬁltm was pmcem# in ths

aama WG'{

The filters were sequentisily immmsd in approximately 250 mi of th&
following thres solutions: i
- & O.2M NsOH, 1.8 MNaCt )

b}  2x SSC, 0.4 M Tris, pH 7.4
o sse |

These solutions were chahjéd_.a_ftar.s)m#asaing spproximately 20 filters. |

The filtars were air dried and then the DNA crosslinked by short wave

ultraviolet irradiation for 3 minutes.
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- 25.4,1,5 Elltor Hybrilisation

| The hybridisa‘tion of the filters was acca?dtng tu'- ths pmtacols wh!ch have
aireadv been outlined far Southam blot hybridisatmn with the modxﬂcations
dascribed in aactwn 2.4.2.2.

- After a’xnnsutefor'sutar'adlugraphy,thafilter positiunlrig hélés waramarked
on the film, A transilluminator was used in arder to align tha
automdiographs with the ariginal p!ates fmm which tha p!aqua lifts ware
m&de,

A sterlie inverted "yellow pipetie tip  was used to r‘&mﬁve a plug of tap aﬁ&
bottom agar corresponding to the gfea on the aﬁtaradiogmph whers thera -
. wasg thought to be a pozitively hybrid!sln'g plague. The plug Was "thon
tranaforred to 5004 of TMG buffer with a drop of chioroform. This

suspsnsion of .baptarlophanes was then rdad'v for titering and ra_scfaaniug.
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‘Thige 'methods ware attamptad for tha lpmcass.lﬁf p_'iaqua bacter_ipphéﬁa
DNA pufificatidﬁ. fhay:wnm a quick plate lysis mathad and large scale
 liquid lysis methods with and without » -C&Ci gradiant centrifugetion
.purif'icatiun #teﬁ_. it was found that the q_uickér- .matﬁods d‘fd hat a_iwa?s
yr\w\id thg' baﬁéfiaphagé DNA in sﬁﬁiciéat quantity or puriiy to allow
énﬁvehiént-a_n&ivsis df the inserts. The liquid fvals p;ot:&du'ra with CsCl
cantﬁfugatian did howevar produ_ga l&rg& smotnts of b&ctéﬁophnga DNA

- of good puritv.

Agﬁrasql p!ﬁtai ware ﬁrepamd -"as {or th.a'{l'}scféening procedurs {seution |
2.5.1.1.3) axcept that the plagues wars plated at & higher dansity. This
'was.'i_n ordet to l_gﬁp’rwa the yield of the bacte_.rlnphage"DINA.‘ E‘ipthar;
niadifiaaﬂon was that ahams_a was used for the preparation of the plates.
- Agar s thought ta contain _inhibftara of réatticilon_ undonucl'saiea which ara
_ ganurali}_ ot removed during t_ha'axtfacti_un procedure (Sambrook et &/,

1989)

8 mi of TM butfer (50 mM Trls, pH 7.4, 10 mM MgSO,l per 150 mm plate
was addad directly to the surfate and gentiy agitated for 1-2 hours at room
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temporature. o : , S \

N

'rhe hactariophane diiuent was then tranafarred ¢ a tube, and camnfuq&d

for 20 minutd.s at 4°C at 2 Dm:cg in order to ramove tha baczersai dabns

“The supeinatant was removed then treated with RNsss A {1 wgimi,

Boahﬂn_aer Mannwm} and Olase ! 1 ug/mi, Boahringer Mannheimn) for 18

minutas 8t 37°C.

1.6 mi of & M NaCl and 1.8 g of solid PEGBOOO was than addsd to. this |

stlytion 'aﬁd vortexsd in ordarto 313&5!% '{ha F'EG Thuraaft_grf, the soiution'

was incubated on ice for 15 minutes.

The precipitated bact_lrk:phafm particles wars recovared by centrifugation

‘¢ 10 000xg for 10 mifiutes at 4°C. They Wers rasuspandedin 0.5 miof
 TE buffer and then 541 10% SDS and 1041 of B M NaCl were added. This

smuﬂon was then utracted with squal vnluma of sa-phanui and

chlarnfarm, then an equat valuma of ch!urofarm. »

- Tha BNA was pracipiteted wlth sn eoual volume of !sobropamt. and 't was
recoverad by centrifugation at 10 000 g for 20 minutes. Aftes alr-drying of
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the pellet, it was resuspended in spproximatsly 55 1 of TE buffer and

stored at 4°C hefore using.

- ¢BO0AA hincteria ware cu;;urad overnight at 37°C with vigorous shaking.
250 mi bf LB contalning 1 mM- MQSQ‘ was tiven innoculated wiih 1 mit of
tha ovarnight culture, and incubated &t 37°G with wgowus gshaking until |
the optica! dans!tv &t 300 nm raached approximateiy 0.b. Thisffbmrial
sugpenaion wae then Innoculsted wlth bagteriophaga {] particlas _
' !a;iproxlmatéiv 1 o* piu) and- incubation wag continued untif tysls occured

. {%12 hours}.

5 i of chloroform was then added to each flask and incubation st 37°C
“was continuad for a further 15 rﬁlnutas’ [INasa t and RNass A, sach o2

final cancgntration of 1 yglmt were than atided and tha solution irmuhated

At 3‘7°C fnr 30 minutas.

Solld NaCl to a finsl concentration of 1M {15g par 250 m)) was addad,
E -dissnlvnd and the galution aliowed to stand on ige for 1 hour. The bacterial

debtis was removad bv cantrifunaﬂan at 10 QOU g far 10 minutes. _
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-~ Solid PEGBO00 was added to 8 concentration of 10%, and aﬁer'dis’m!viﬂg,

‘the _imlution was allowed to stand on ics for 1 hour,

| The precipitated bacteriophage particles wara recoverad by centtifugation
at m OGOxg for 18 mlnutas at 4‘C. Tha phage pa!let was zhan
resuspapded in 10 mi of TE buffar. |
/ 4
Extraction with $S-phenol ﬁnd chioroform, pracipitation wm';_ Isoprapanol
and resuspension were ss described in the previous ssction,

cBO0AN bacteria wers cultured ovarnight at 37°C with vigorous shaking.
250 ml of LB containing 1 mM Mgho, was then innoculatad with 1 mi of
the overnight culture, and incubsted at 37°C with shaking until the optical

dansltv"at 800 nm 'mchad approximataly 0.8. This baoterial suspension
- was then innoculated with bacteriophage particles (approximately 0% pfu} |
and incubation was continued until lysis occured {usually overnightl.

1 mi of chioroform was sdded to the bacterial cell suspension aind than
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shaken for 10 minutes at 37°C. The bacterial dobris was ramovad by

centrifugation at 2 000xg for 20 minutes.
The supsimatant w_'as dacant_ad end 12 g of solid NaCI and 20 g of .s.uliﬂ
PEGS000 wera added. The solution was mixed to dissolve the NaCl and

PEG, then incubated on lcs for 1 hour with intermittent shaking.

The bacteriaphags particlaz were precipitated by centrifugation at 4°C for

© 20 minutes &t 10 000x%g, then resuspended in § mi of buffer C (Tris-HCI pH

7.5, 10 mM MgSO,).

K

on top of 3. 5 mt of 5 M CsCl in & 12 ! pulvaliamsr Backman SWAOTI
rotar tuba. The CsCi solutions ware mada t.p in buﬂtr v Approximateiv 3

mi of the bactariophage suspension was then layarad over tha 3.5 M CaCl “'

soiuﬂon in ordar to filt the tubss prinr to centr!fugation

cantnfugaﬂon waa a 24 500 rpm fnr 2 houra taG Oonxg) with slow

scooleration and decelsiation. Tha bacteriophage partivies wara visible

theresftsr as a f§__int; blue bard at approximately the position of the
~ interphase be.Wea. th§ two layers of the differant CsCl sulutions. In brdur-

Kl
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1o retriave tha virus mr;ticm, the centﬁfuge tube was punctured With.an |
1865 gyringe neadls immediatalv'bamw the band and appmximat'ﬁw' Imiof

fluid was drainad._ o

The saiution was thareaftar dialsmed at 4°C for 24 t}aurd--agatﬁst two
changesaf 2 litros of dialysis butfer { 10 mM TrisHCI pHt 8.\'1 01 M Na(:l, :
10 mM Mgt:l,}

After dialysis -EDTA and stns wara added 1o final congentrations of 20 mM -
and 0.5% raspectivaly, avd the sﬁ!utio'n hiaami 16 88“’(‘: for .15 n’i!ﬁutas
Thareaftar; the aoluﬂon was trested with HN&W A t'!pglm! finaz
‘;:oncemmtmni for 1 hnut at 37 “C.

- Extraction sé;ith $S-phenol and '¢h}orﬁfam. precipitation with iscpropanot

"and resuspension were ag described In section 2521,
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Varying amounts -{a_p_pmximamly Bto _20_;_:9}' ofthe oxtractad hact_eriophage_ B
| ijA wgfe diaést_ad with the restriction nndonﬁclsags Eéaﬂl acéc_r&ing to .
tha manufectursr’s instructions (usually Aliug of bactﬁriaphaad ﬁNA}. ?ha
o bm was then shb}ectad to 'agaro'sa gol aiactmph@rﬁsis with -athidiuin

: brdmw& staining, olotting and probing as ;’Sraviau_s'!v daacﬁbad Isactldria’
2422, - |

DRA is’uta_ted'from large scale preparations of bactariophage particles of
putativd_pdxtﬂva-p!amm usad a8 tarmplate DNA for amplification. Four
- primers wers uscy {two sense and two antisense) in four possible
cutﬂhlnaﬁqns.: Each of the priﬁm; had rastriction ahzym i‘ﬁcngnwon
~ sequences at .tfmir 5 ‘ands 10 facilitmu sloning for sequencing after BCR

- mmplitication.



The saquences of tha primers ware as follows:
Primer 1 5 AGTCRGATCGCCTTTGTTTACGTCCCGTCBGCGE 3
Prmar2 & AGTCRBATCCACGCCCATCAGATCCTGCCCAAGG 3"

" Thass two primaa‘s ware se'n.sa ssquences at -ﬁbsitiqns 1420 to 1443 and |
- 1625 to 1648 of the -ha;:‘.aﬁtia B v:és.-s gsnome {p_rimars 1 and 2
_ raspactivaly). 'fhev‘ éach 'alw contained a8 terminal radundancy of 4
‘nuclsotides {8 AG‘!‘C 3’} ax wall aa restﬁctlan digastian sitas for the

(o
snzyma Bamﬂi H

Brimer3 5° AGTCTCTAGACTACAGCCTCCTAATACAAAGACC 3
Primar4 5° AGTCIRTAGAGGTGCTGGTGCGCAGACCAATTTG 3'
Pélmers 3 and 4 were gntiimnaa saguences at pnsttiﬁns 1788 to 1785 and
1816 10 1793 of the HBV genome {primers 3 and 4 respectively). They

aach containad the B’ tarminal mﬁundamv ag weu as s mstrictiun dlgeation '

" sita for the anzyme Xpal,
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‘x\d_/f/ : B

The reaction mi:&ure for PCR was aimilar to that wﬁit:h hz;s alrsidv bsen
described (sactibn 2_.4.3;13, Thé tamparaturg cycles wara ﬁbwaver ilightly jj
pdjusted In that the ann_qnl'inn tgrﬁﬁe_raturﬁ was t:';har.gea to#? g, Tius was

i_ri"ﬁrdar 10 facilitate the ﬁVhfidfsation of prlmérs wnk:h .war.a #o’éibiv nét . N

) A

sniirely complementary to the template DNA. The DNA was procassed by \j

slectrophorasis with or without Southarn biotting and then cloned into M13 .~

fur saquancing.



{
/

The procadures used ware slight modifications of standard methods (Davis

at af, 1986; Ssmbrook 8t &/, 1989) and are described below, Y
2:8.1.1 Migation of Insart and Vector QNA

” msmm’s 'nnid mamms (Yani#cﬁ-?errm a: al 1985} {purchased from

Boghringat Mannhalml wara the twu ﬁlamanmus bacteriophage vectora
used. Ciaavaga of the bacteriophaga BNA was with tt*a tWo reatrictim -
andonucleam HumHl and Xbai accordinn to the mcommendationa of the
manufacturer (hahnnger Mannhalm) for the use of thuse two restriction
endonuclaam in combination {ses aectlon 2.4.3.2}. Thacleaved QNA was
then puriﬁed using the glaesmilk® adserptlon tecrnlque {Vogeisteln and
 Gllespio, 1979) described In Saction 2.2.5.3. The ampliied DNA was aiso
gleavad with the sarm twa mtrlntion andonuclems ard purifiad wlth

| giasvmlll@ o

The products of the digestions were checked by eisctrophotasis on 0.8%
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agsrose gels,

The ligation muctidna mre sat up hy adding the fallawiriq solutions to &

 stere: tube:

. :\‘J-'

10 x Ligatior: buffer (0.5 M Tris-HCI, pH 7.4, 0.1 M MgCh,
0.2 M DTT, 10 mM ATE and 50 ug/mi BSA) |

= 0.1 ug cloavad M13 DNA

1 = 0.1 ug cleaved amplifisd DNA

| 4 DNA Ligess (2 Weiss units, Boshringst)

Water

This mixture M_As then mciibatap ovarnight at 15°C,

A single colony of JM109 £ coXf vhs removed fkom a M8 minlniﬁl_ medlum

piate and inoculated into 8 mi of LB madiuin then incubated overnight at

_37°C with vigarous s'haking;_ 0.4 mt of ﬂ}ii ovarnight culture was then
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usad to inoculate 40 mi of LB medmm and mcubated at 37°C far

appraxumateiy 2 hours until the optical dans:ty at 00 nm was O. 2

“The c.afli wara pe!med by cént}!fugét_ian ('2 000xg far"‘!s minutes at 4°C)

2

and tha 1 resuspanded in 20 mi ofica cold 50 mmo! CaCl,. Thesacelis wers

than a!luwud 1o atand onice fur apprnw!mtelv 30 mmutea The calls wers

' than again vaco‘mad by cantrifugatmn and rasuspendedin4 i of 80 mmol

Cagly Thm_ cs_l!a ware then stored for up to 2 daw prior 10 usa.

1] . -
F

The ligated DNA was mixed with 80 mmal/i Tris-HCI, pH7.2 10 tiring the

volume up 1¢ B0pl. The DNA was than mixed with 300! of compateant E,

colt calls and incubatad un !cs fnr 40 minutes. The t:ails mre then

. oubjectedto s heat shock by mz:uhation at 42°C for 3 minutst. and then |

_ the calls wara returned 10 lcn. 2001.:% of axponamiaﬂv gmwlng E. coll were

then sdded.

Tau ml of maited tap agar cooled to 50°C, the foliowing ware added for
each of the u anaforstion exparimenw

401 sterila filteraﬁ lPTG aoiutmn {100 inmolf), :md



Y §

. 40pl x—gat soiutwn m% (wM in damathylformamids} (both purchaaeci fmm

Boehrlng&. Mannhanm!

The top agar mix was than added to the transfected cells and then

immadiatélv pourad onto 50 mm agar plates. The top agar was allownd © .

'hardan at roorn temperaturs far approthta!y 15 minutes. than the piatea

- wera invertad and incubated owmight at 37‘6.

Tha ingert beaving clones were aaslly detected after the ovarnight culture

by thelr colouriass appesrance. Thosa M13 clones which had not rssulta;t

in racomhlrtation with the insert nava rise to blug colnvmd plaquea

A 1:100 dilutlon of an _évsrnihht gutturs of JM109 & coll was made with |
LB madlum. This was 2han' "d-lsiributad into 10 mi .a!iquot&. iﬁdividual
wolouriess piﬁques ware picked aud.us"ad to inoculate the di!uied- £. coll,
The culture was then 'inc_ubated at 379C for spproximately & hours with
vigargus sﬁﬁkinn.

D

1.5 mi of the suspensiaﬁ was then transferrad to'a microftiga iuba and
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centrifuged for & minutes at 10 mg Tha bacterial pellet was tecoversd

_ : and sub;acted 10 standard plasnﬁd praparation ag was dsscribed in saction

2.2, 5 2. Tha auparnatam WES resarved for M13 smgle stranded {ss) ﬁNA

isolation. <

- Tag isoluted DNA wes then digastad with various rastriction anzymas and

su"léjactad 10 agarose gu{ gl&ot’rophmasll: with or without Southarn biot

B analysis ag was daacribad}?ravidu_sly in section 2.2.2-2.2.5,
Lo . . . ’ _

_Thae supernatant of the racomblnant M13 cu!ture !daarrlbsd in section

2.6.1.4) was recantrifuged et 10 C00xg for & minutes, and tha supernatant

carafutlv rumoved takmg carg not tn eﬂsturb any calis which had
sadimantad 145 vaiuma of & satution of 26 M Nac:! and 20% iw{v!

o PEGGODO was added and the mixtura than ineubatsd onicafor 15 minutas.

_ ‘iha znlutlon was centnfuged for 10 mlnum at 10 ﬂ(mxy, and the M'!S
“pallet was resuspanded in 100 o_f TE butfer. This was then subjected to

§S-phencl/chloroform exiaction and lsopropanol .pracipitaticn ag 'imm_'
praviously described {ssction 2. 2.5.2} Aftar su:paﬁslon of the M‘!S asDNA |

pellet, it was further purifiad using glassmilk® sdscrption {Vogaistein angd |

11



Glllasple, 1979) as has been previously described (Saction 2.2.5.3). This
" additional stap of ssDNA purification was fqund to improve the quality of

the sequencing reactions,  © ©

Ttia' chain terﬂair#qtian method ax devised by Sanger otal i‘l 877} _with afew
modifications was usﬁd for sequencing. Uniaé# ﬁtherwiia indicatad, all of
the f'eﬁcﬁnﬁ components ﬁ:’em pumha#ad from Mhringer Mannwim. For ”
 the s_'equan::lnﬁ resctions, the four differant nuclestide solutions wers made

up Mth ;hu following somponent cpncantraﬁons: %
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Nuclsotids i Amixture | Tmixture | C mixture

solutions | gmoli - jemolt  Jumat | amold

faere | o Jwee . lwo { 100

o [100 f10  {s lwe

Thesa solutlons wera madu upin pnlymerasa raauticrs buﬁer comprlmng 7
roM Tris-HCI, pH 7.4, 50 MmNt NaCl and 7 mM Mgl No dATP was added
to these nucisotide solutions as sufficient qf the radioscrive form was B

added later on in the expariment.

*The standard sequencing assay was started by annealing the sequencing

primer to the 2aM13 DNA. The foliowing ware added to 3 tube:
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= 0.509 recombinant single stranded 53 DNA

-} 16 4GV @ ['SIHATP (2 1000 Ciimmol) (Amersham)

1 unit Klenow Enzyme

!

s

] Apprnximatal# 0.8 pmol M13 saqu---:aw.‘:iﬁg pﬂmr

‘iox Reaction Buft_er' | | ) S 1.5 yi

- -

Ausr mixing, the solutien was heated to 55°C for 10 minutes and then

| zillowad to cool siowly to room terperature, The chaln elongation step was

commancad by adding the following cﬁmpnnents to the mixture anca it had

cooled to room tamperatura:

m g e - M : . i

Lo

After mixing, the solution was dispansed in 2.5al aliquots into four laballed

‘micrafuge tubes (G,A, T and Cl. The resctiona were atarted by tha addition
- of 24 of the appropriate dNTPfddNTP_ rixturas to the tubes. fhe mixtures

warg then incubated &t room tcmporﬁtu;ei for 20 minutas. Thereafter_. the

reactions wers ‘chased” bv the addition of 2 21 of deoxynuclactide solution
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{a mixture of dATP, dGTP, dCTP and dTTP each at & concentration of
125pM at & pH of 7.5} anﬂ further incuhat&d &t ronm tamperature for 15

mznutes

Tha reactions wera tarmmatad by tha addition of 4 gl farmam:da buffar

- {95% deicmised formamida, 1x TBE buiter, 0.01% hmmophennt biue and

0.01% xylsne cyanol}. Thareafter, the DNA was denatured by heatina m' |

a bolling watar bath for approximatsty 3 minutes thun tuick coolad on ica,

Eyl sliquots ware inadaﬁ onto & 5% pnivacrylamida SM uraa denaumng gei '
' {Qavis ot al, 1988)

The electrophioresis system used was a home mede one, and basically
conformed to the specifications suggested by Davis ef &l (1986). The
proportions of the gel wers approximately 20am x 40om X O.4mim. Both of
the glass plates wery ai!icanlnad _in order 1o facilltate separation aftsr the
- tunning of the get. | |

Tha aanii:laa WS run on 8 ;ir&haatad gel {:88°C) for apprm_cimatelv 2
hours at a constant power of 50 Wém. By this tims, the brcfnbphsnnt blue

dye front had reached the end of the get, A second set of 2 i aliquots from |

105



4

 the originel reaction mixtures was then loaded and allowad to run for 2

fufthar 2 hours at the constant pﬁmr of 50 Watts. In some casai:, a third |

set of ahquats was ioaded onto the gai Bv makmn three goparate toadings, '

:t was pumb{e o raaaiva 8 graatar numhar of nucieutidas on ths

| seqmncinn gal,

 Aftor slectrophoresis, the gel was soaked in 10% acetic acid or 10

‘minutes in order to fix the DNA and remove the urea, After transferring to

| Whatman 3M filter paper, the gol was driad under vaguum for -

apuroximstely 1 hour at 80°C,

d
| *rhé\-\\l_\

' sa'qﬂi}?nc& cduld theréaﬂsr be ddtarmlnad from the X-ray film. Typically, the

aequépce of approximataly 200 nucleotides could be determined fromone

_raactklih

l'y
i

Using mth the hﬂ‘lampﬁ and M13mp19 vacturs anablad sequancinq of

the insurts in two urlantatlons.

dried gei was then exposad avarnight for autoradiography, and the

Analysis oF the ssquencing data was by using the DNA Star™ COMPARE

program (ragiaterad te Mr J. Butke, Heamatology Department, University
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4
of the g;titwate'rsrand}. The widih of the raiiduies_ of the unit of comparison

Mindo'w_r size) was 30. The setting for the number of adjacant residues of

- the window that should match was 30% to 50% using all ragister shifts_.

The. ninimum quality - the minimum number of consscutive qualifying
windows for homology to ba recorded - wag one. in all ceses, the reverse

Cthiqmnt of the saquences wera aiso ccmpara_d. '
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The oligonuclootides used in the initial FCR ‘amplification wers 24 base
sense (prirﬁé;’ 1} and antisonge (priniar 2} straﬁ__ds towar_ds.the 5 and 3'
-ends-nf the hepatitis B virus X-gane. The iocatidns .-T‘E these primrs and
their orlentation with respaot to the HBV genome are indicated in Section
24.2.1.2. The aligan.uclaotida_ primers wara used at a concentration of
0.254M. 1.0 ng of the SP64 clone of the X-gene was u#ed.aa tarnplate
DNA. The PCR buffar c_dn__tained. 50 mM KCi; 10 mﬁﬁ Tﬁa-HCl- {pHa.8) and

1.5 mM MgCl,. Each resction mixture had a volume of 50t and in some
 as88 contaiiad 2.54Cl of *P-4CTP (3000 Cijmimol), PCR was performed
:Qsing Taq pniyrﬁéraae (Promagal for 30 cy:’:léé - gach gycle being 94°C for
1 niindcé; 55°C for 1 minute and 72°C for 2 minhtas. Thare was a final
extension step of 10 iﬁlnut_a; at 72""0_. Aﬂ:a? completion, & 14l or Sul.
a'iic';n;gét: was remaved, and this was used as te_m:iiate soutce for re-
a_;nﬁllﬁcﬁtion. The PCR componants for the ka-ampl_lfi#!atién_ mm similarto
thoss of tha initia! ragction, except that n_nlv_a ainqlé sansé '24 base intarﬁai '
primer 3 {HBV nucleotides 1625 to 1648, &’
ACGCCCATCAGATCCTBCCCAAGG 3') was added to a final concentration
of 0.25uM, Individusl resction mixtures were then subjected to 1, 2, 5, 10
or 16 PCR cysles folldm byas minutéaxténsinn stop at 72°C.
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Control re-amplification .e)cperiman_ts ct’sﬂtainéd: _
al  0.26¢M of primer 4 (5" GGTGCTGGTGCGCABACCAATTTG 89
whit_:ﬁ was external to the initially é_mpliﬁad X-gene but present in
the 5?64 clone '{ahti_se_nse nuci_eoti_des 1816 10 1793); _ )
.b} approx. 250ny of nan-épeéificalt;%mplifiad DNA as 'tamp.!ate; d_r E
o) no initially amptifisd DNA bu* appropriately diluted primer 2 (0.005
_ }.:M} arid_' the SPB4 X-gene clone iamplata DNA {Tngh. "~

A set of five 15 base internal sense primers exte;iding frém' HBvV
nucleotides 1624 to 1648 -Ware_' ﬁsad_ in order to assess the affect of a .
_ mismatch onthe ra-émpiification. stap. The :nuclao_ti_'de sequances of th'esa-
~ primers were §° AGATCCTGCCCAAGG 37 .iprimer 3A, normal se‘quéncie},
.5' AGATCCTQCCCAAGG 3% & AGATCCTACCCAAGG 3% &'
AGATCCTICCCAAGG 3 ”(n.?‘kners 3B to SD _ra.spec'tivaiv* single
. miﬂnatches at tha 8th bage? énd 5’ AGATCCTGCGCA&G& 3 {primer 3E,

3" end transversion).

Aliquots of the products of PCR ware subjected to 6% polyacrylamide, as
well as native and alkaling dahat-uring 1.5% agarose ge! e!_gﬁtrophnresis .
{S8ambrook et &/, 1989} Staining'was with ethidium bromida'funowed by

autoradiography of'th'e dried gels for 15 to 120 minutes 1If required.
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The mechan'ism by which malignancy isinduced in hepatoceliular cardirtorha '

{HCC) is not well defined. HMepatocarcinogenesis is_ a2 muitistep process -

influencing & number of cellular functions and ivelving the effects of one

or a number of different carmnogens. HBV and a‘ﬂatoxin appear to be the

most 1mpnrtant fiver cancer mdumng agants. o

B

Theories concerning the mechanism of malignant Induction in_HCf: tan be

divided into twe catogories (modified from Daugherty, 1891):
1. Specific viral or chemical effects. These include the activation of

- oneagenes; inactivation of host turmour suppressor genas, as may

resuit ‘rom the effect of affatoxin on p53 (Bressac ef &/, 1991; Hs_u-

& al, 1991); expression of viral oncogenss or viral transcriptional

trans activatinﬁ factorg, ag. the HBV X protein (Twu and Schloemer,
1987; Wollersheim et &/, 1988; Autisro and Schneider 1980). Also

inciuded in this groﬁp of efféc_:t_s is the miation of host celiutar

: genés by the p’fﬁ;:iess of insartional mutagensasis d'ur_ing integration

of hapadnavirus DNA into the host genome. The documented sites

of viral DNA integration in human HCC include an ar-a adjacant the

cyclin A gene (Wang,et al, 1990}, and & sequance with homology to

ceerbA and. steroid receptor genes (Dejesn e af, 1386).

wondchuak Imr tumours, mtegranon of the hapatntis virus in the G-
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- my¢, N-mye-1 and N-mye-2 genes has been s_hawﬁ to qeourinupto

'50% of malignancies (Moroy et &/, 1 986; Hsu et &/, 1988; Fourel et

al, 1990)

@

2. Nqn—speclﬁc mechamsms whareby a state tﬁ" chroniic Iivar

_ inflammation with rap;d cell dmsion is induced, and whinh in mm :

leads to the davelopment of a number of mutations and then the

transformed phenotype,

Although there have 'béén reports of transformirig sequences isoiatéd fram
HCC (Ctbhwa eraf, 1986; Carloni er af. 1988}, thesa iivar vancer oncogengs

hava not been damonstratad raprod’ichb!y.

Increased exprossion of the celiular oncogenss ¢ mye, ¢-fos and c-Ha-vas
- is thought ta be impdrtant for the processas_-laf cell division d‘_uring rat liver

- regeneration following partial hepatectorny {Fausto and_ Shank, 1983;

Goyette ef al, 1983; Making et a/, 1985; Bravo et a/, 1986; Fausto and

Shank, 1987; Dean et &/, 1887}, During the early gtaga_s of 'the G1 phasa,

elevated c-myc and ¢-fos expression may canfer a'nmpetenca ort quiescent.

liver calls.' enabling them to move f'rnm GO/G1T to S phase of the cell cyols
inthe p'r-esa'nce of furtﬁer prdgraésidn factors (Reed ef al, 1886; McNurney
| et az.' 198'?: Owen ef af, 1987). Increased c-Ha-ras expression in
hepatdcytes occurs at & later stage after hapatact’ﬁniy. c-Ha-ras mRNA

;;oncantratian is incréas_ed two- to threefold during the DNA replication

period (S-phase} of ragenerating rat liver {Fausto and Shank, 1987}. In

normat liver tissue, only a small percehtaga of the cells is dividing (Fausto
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and Shank, 1983; Fausto and Shank, 193‘?3‘._howaver this fraction may be
increased in maligant or inﬂamed liver cells, and in regenérating 'nnduias of
girrhotic hvers Thus, in these ﬁathoiogical condstmns, thh an mrraaseﬁ_.
| . number of celis actweiy dwndmg. exprassion of ce-myc, ¢-fos and ca-Ha-ras.

in hepatowtes is ilkalv to be elavated,

" Results from investigations of oncogens _axp:assidﬁ in h.epatdcelmlar_ |
~ carcinomas have been eunﬂictiné,_ In stﬁﬂiaf& on three tumour tissue
spgcimens_tzmn'g et _a_f,- 1987 and é hepatoma cell line (PCL/IPRF/S)
- {Motey et al, 1 986), axpression cf.éefas,'.c-myc and c-Hé-:‘as igvas'found tb
be inf:réased. Simitarly. it has hesn sha.m in Mo'rris rat hepatomas that 6«
_ Ha-réé and. c—mjr:.? expression is élaﬁated'(Cota and Chiu, 188?). Su atf éi '
{1 586} ware, hawaver, unabla to show any diﬁ‘erances in-c-myec mRNA
concantratzons ‘when comparing normal hepatic and tumow tissus from -
i‘ :ans.
1I

in an mmunoh:stachemma! protem study on Ras p21 and ;Jiycz p62 in
‘human hepatoceliular catcinoma and non naoplastic fiver tnssuea, most HCC
sﬁéc’imans sho_wéd anhancad. Ras p21 and M_y& péz e.xf:rals's%an Qwh'an .
compared to the normal {Tiniakos st &/, 1989}, In fhis stuclv by Tiniakos at
s! {1989} the antlbody agamst Ras p21 recegmsad Harvey- Kzrstan- and N— '

ras 921

Altered expression of ¢~ri1y_c and the g-ras family of pfntuuncogeﬁes- has

been demonstrated in a number of animal models of chemical
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hebatocamindgenasis {Yaswen et a_fl,: 1985; Boer et al, 1986; Fausto and %
. Sh’énk, 1987:'Brau_n etal, 1 989). Most of this evidence shows the elovated

~ exprassion of the c-myc oncogene 1o be a consistent feature during the

daveic:pment df liver can'cer in rats, but i’ncraa’sed mHNA cancentratians of

' tha Cc-rgs genas are not always presant, Aatwation of these nncogenes has

'also baen reported to occur specifically in ‘oval cells during \\
hepatocarcmaganasm {Braun et al, 1989) The arigin of the a.,eliq a1 the .:,

liver is uncertain, but the svidence suggasts that they may be.sw; - gelis.

with - the pntential o d:fferant:ata into narmal as weli as naoplastm

hepatocytes (Tsaa and Grisham, FB‘}h -

In this study, iu & further attempt to elucidate the role of oncogenes in liver

cancer, the expression of G-fos, c-myc c-Ha-ras and c-erbA in human

hepatoceliular carcinoma specimens of Southern Afican -origin was

investigated. Evidance of transcriptional activation, or rearrangement of

thass 'oncaganas' was sought. Changes in the mRNA and protein

~ concentrations in liver turmour specimens was magsured using standard blot

probing techniques. Evidence forthe presence_of 'oﬁcdgeﬁe rearrangements

!p'ossiblv caused by HEV DNA Integration) was ah'a_iysed' using Southern

blot hybridisation.
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 ara prasent In most abundant quantities. .

RNA pfeparéd according to the rapid acid* guanidiniukh-pheﬁol—chloroform_
AGPC) method of Chamczynski and Sacohi (1987) was of good quality.
'Thfs method compared favaurab!y in terms of simplicity of perfarmance

with sgme othar msthnds of RNA extractian for exampia, that of Chirgwm

\\\

obtained frdm patlents at post morrem the extr‘acted RNA was uf'ten
i

' degraded Degradétmn by F\‘Nases is thnught 10 ba inewtable xf tha tiasue

-:et al (‘%?9) The punty of the RNA extractad was aisn good as was -
 reflected by the conmstentiv high Azeom:.vsu ratios of =%.8. anura 8.1

' (anb\a\p Figures 3.12 and 3.13) shows that 183 and 283 nbosumat RNA o

fn the case of extraction of HNA from !iver tumour tissug which had bean -

¢
: scurce for the RNA extractlon is more than a faw hours old. Tha HNA- N

'- o_btama_d from _frgsh surgical _spaclmens was usually intact. RNA- whichhad

the appeara_ﬁ'ce ofa sméaf, and in whiich the 185 amit_ 288 ribosomal RNA
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were ngt at all discernible after elactropharesis, was discarded. This was

. the case in approximately orie of every three tumours stuttied.

Y

ﬁrnct?cgl considerations. It is rot slways easy to procure the liviéfr tissus

immediately after death, and yet she samplas ware valuable for the use in

gl
T

_""._axtrat__:tad from post mortem tissue was often only suitable for '-slq_t blot

A

analysis. in thess cases the signat o \K |

i

Qa

n. obtaining post-mortam tissua, thers were obviously very impostant

' these experiments. As a result of some degradation; the MNA which was



 daco PR Tt L del 285
vy T

_};iana, % Ethidium bromide staimd farmaldehvde 1.8% agerose gel of
RNA e} Jacted according' to the mathod of Chomozynskl and Sacehy”
{1987}, . msolution of the molacular weight markers is depicted in lane 1,
and RNA isolated frnm 7 lver xpacimens is shown «ln ianas Z o 8,

A
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detectabie on hybridisation of slot biots could be more easily interpreted
- than a smear fmm_the Northern blot. These dsta needed to ba interpreted
with caution in that the hybridisation signal was Jowar than the trua valus.

_ : [
However, in most of the exparimerits it was found that the oncogens

S axpression In tha tumour tissuo was consiidarablv highar than thet of the

nnrrnat tissua This normal ﬂssua was {rash i‘avmg baen obtainmi at

_ surgaw fmm organ donors, and tha RNA irrtam.

Tranisfdfnwqu-' HB101 E.coff ware cultured a8 was described in Section
- 2.2.5.2'_{;»‘- Matarisls and Methods, Fnr. large scele praparation of plasmid |
DNA, the vo!uma of cu&ure used was approximatalv 280 mi - é imlutna
which ganarally yialdad adaquata quamitiea nf p!asm!d DNA aftar qvarnight

grow*h _

The rapid plasmid praparstion mathod of Birnboim and Doly (1979) allowed
“engy praparation of_'mﬂsﬁ;"with the maodifications dascribed In Materials anq
Methods Section 2.2.5.2, the purity was adequats for most purposes. It

w;_as found that it was not necessary to parform more elaborate and time

{ )
. el
L
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 gonsuming ﬂur}ﬁ_'cation steps such as CsCi -gradia_m_t centrffuﬁaﬁm.

The Inclus!en ofa RNase dagestlan step rasvlteﬂ in the removal of most nf

~ the RNAr;ontammamgtha pmparatian {Figurea 2) Ganerallv,ftwasfound o

that DNase activity of the commaraiai ANase anzvme was effactivaly' -

remcw;d by incubat_lon_ in & bolling water bath_ for B minutes {Section

© 2.1.1.6). The yield of DNA was not affected by the Inclusion of this step.

An -éXample of the densitomatric scm of the piasmid DNA praparation i
B also glven in Figura 3.2, HNase dlgastion also atlowed mure accurate |

. 'maasurament of tha DNA cnncantratiun bv spectrophmomatry

Tha plasmid preparation methiod produced DNA of sufticient purity to atlow

efficiont digestion with restrictio- md_anucleases.‘i‘ha-multipl_e-bandg ofthe

- undigested plbsmid DNA which reprasant the circular DNA' in various :

conformations af suparculllng is dlscamible in Figura 3.2 and lene 2 of

' Figure 3. 3 With this methad of plasmid DNA preparation, it was dlfflcu!t' _'

.‘to gl_iminate all of the bacterial chro_msnmal DNA. Apart from producing

spuriously high spectrophotomatric Iabsdrba'ncés at 260nm, thig -régurf!ng

~ problem did not have SIgnIficaht conssquences. .

s o
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W Ethidium bromida stained 0.8% agaross gel and
spactrophotomatric scan of plasmid DNA. A. The plesmid preparsitions
wara separated by slectrophoresis before (lane 1) and after {lana 2}
treatmeant with RNaseA. The molecular weight marker i Minolil digested
phage A. B, Tha spectrophotumatria acan of this plasmid DNA is glvay In :
this panel.
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a—arbA ptasmtd DNA saparated by electrophores!s on an
ethidium bromids stained 0.8% agarose gel. Lane 1 represents the
molecular weight marker DNA {Hidlil digested phage A) and undigested
plasmid DNA is depicted In lane 2, Lanes 3 to 8 represent DNA which was
prapared as for lana 2, and then subjected to restriction anzyme digestion
with Sambil {lane 8), BamHl and EcoRl {(lane 4), EcoRl alona (laneB), £coRi
and Hindiil {lane 8], Hindill glons liane 7); Hindiil and BamHl {lane 8],

120



- _Restricttcn enzvnie mép._ping of one -piasmld '-D:NA. preparation is dar.iicted in
Flgurs 3.3'._Tha plasmid mapped in this case was that which containg the

| t_:-er_bA insert {Janssen et al: _1_§B3}_; The unsngene_.fragmem had been
" figated into the EcoRl site ¢f pBR323. The restriction endonucisase map of

this recombinant plasmid is represented in Figure 3.4.

Examples of purlfied insar'.ts;f}am the mﬁombinant plasmilds are dapicfed in
-  Figures 3.5 and 3.6. -lnitialﬁ,}ff;s;h_a_ plasmid t’mA wes digasted an#‘.;‘iérfaﬁé- ¥
scale and subiéctod tb'alﬁ%t@?horesie {Figure 3.5}, The insert DNA was
_iéolat_a_d_ : by removing the rafévant band frnm the agérasa gals énrj‘ '
| Subject?ing this to iha glass_rppi;sfi_g;r faﬁsorptian.('s_scticn 2,2.5.3) _fol!awad .
by fe_aélactrabhorasis (Eigurefé‘;é}; ElactrOphorébis. of thess purified inserts -

~ slso confirmed that thelr sizes were correct.

This probe DMA was of adequats purity for l&bailing._ The caloylsted parcent
‘incorparation of radioactivity (¥P-dCTP) was generally in the ragion of 30-

40% - n acceptable figure when using the multiprime labeliing method,

The muitiprime procedure was praférrad 1o the nick translation pratocol ag
it was more efﬂqiev:a_t. The incorparation of ¥*P-dCTP was higher and the |

amount of
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Fingm ~ 2880BR
LT e Eﬁaﬂl
R erbi 350 bp
i ' .\’ ) _ . I'-t" o
J' :f he-Atc-erbA -~ !}
' PBR322 clone

. AmpR  etR

3900 bp

. ﬂqm_a,ﬁ Schamatic rsprasantatinn of the mstrlctian /NZYME map af the
c-arbA pBR322 {he-Al} vecombinant plesmid. The data in Figure 3.3
cnnfirmeef this map _
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Elgm:s_a.ﬁ Etrldium bmmide stained, eagarusa gal used for large scale

-preparation of probe DNA. The mciatular weight markers hava been

sapamt&d i lana 1. The regombinant c-fog and actin plasmids ware

- digested with £coRl and Bantl respectively. The resciution of the plasmid

- and inssrt DNA produued bv this digastmn is dapicted in iane 2 tc»«fas} and
jana 3 {actin).
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Elqumj_& Ethidium orogpids stainad ngarasﬁ gai of insert t)NA unﬁsd
after restriction enzyme dijjestion and electropharasis followad by glassmillc
- adsorption purification. Lines 1 and B represent the molecular weight

markers {Hindhli digestion of phags A}, lane 2 the purifisd ¢-myc insert, lane
- 3 the purified ¢-fos insart snd lane 4 the c-fun insert. ~
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prabe DNA requirad for iabulling was gunsidar_ahiv_less.

- Figures 3.7 to .10 show typical examples of slot blot analysis of similar
amounts of RNA isolated from wt:nbur and édjacent tissue fr_t’:m' patients

 with HCC. The blots wara probed with the oncogene probss c-myc, G-fos,
\ .

. gearbA and c-Ha-ras, With the axcsptien of c-i-ia«ms. comparisnn shows

more mRN& tranacﬂbad from thess oncogenas in thn tumour than in the
tumnour adjacent tissus. Also, thare was mufe c-myc, c-fos and c-erbA
mRNA detectable in the tumour adjacent tissue than in the tiasue from tha

two patlents without evidence of liver disease (Figure 3.1 1.

- t:ontrois using yaaat tramfer RNA (ma Santion 2.2.2, 2} showed that under |
thu condiﬂons ussd. non-speeiﬁc hvbrldisaﬂunwas minimal {Figurea 3.7 10
3.10). | |
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flﬁum.a.z Stot bloc hybridisation of increasing amounts of RNA (0,8ug,
ug, 2 5&9 and Spg) isolated fron tumour {T) and adjecent non-malignant
{N) livari tissus from 2 patients with HCC. No signat was dstected on the
slots where 40ug of yeast tRNA was applied {middie of tha Figurs} The
prob«.. used here for the hybrldlsatlon WA C-iye. i :
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ﬂnum_&.ﬂ Siot blnt hvbrid:satlnn of RNA isolated fmm tumour (T) and
adjacent {N) iiver tissue,” Tha nrobe used hare for the hybridisation was c-
- fos,
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Figurs 2.9 Siot blot hybridisation of RNA isolated from tumour (T} snd

adjacent N} fiver tissue. The probe usad here for tha hybridisation was ¢-
erbA, ' . o
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c-Ha-ras

‘awakitg

. o Lot -
. W [V
’ . . o

[

i@
r—
= s

o

Flgure 3,10 Slot biot hybridisation of RNA isolated from tumour (T} and

b+

adjacent (N) liver tissue. The probe used here for the hybridisation was ¢-

Ha-ras.
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Figure 3,11 Siot blot hybridisation of RNA isﬁ!ﬁtad from normalliver tissua
of donor patients who did not have svidence of liver disease (N} and

. tumour adjecent non-mallgnant liver tissua (N} of ona of the patients with

HCC (patient number 1 of Figures 3.12 to 3.14}. The blots were hybridised
to labelled c-mye, ¢-erbA and c-fos probes as is indicated In the diagram.
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The data répraéas:ted in these slaf blots wﬁs_ corm'boraféd'bv the Nértharn | k
* blot data obtained f_rnrri' o analysis of intact RNA. Thig is shown In Figures
3.12 and 8.13. The tissue which was used for these experiments was _.
L ﬁbt&ined-#i surgery, an_d thorafore thﬁj quality of the RNA was good -hence
the ‘ebility 10 produce cleater Ndrtﬁﬁ;g,blét hybridisation data. |
'rgpé_ ._ autora_dioérhpbé were processad by den_sltoﬁietﬂc scahnlng a8 B
dascrihed in Eaciibn. 2.2.4 and the resljlts aré 9xﬁréSsad in Figufes 3.14 tﬁ |
| 3. 17. Harg, it'can be a!earlv seen that the nncoganas cmye, e—fas and e~

-' erbA &g axprasssﬁ st a raiativaly high level in tumour tissue when

o comparad 1o tumour adiacant as well ag tissue from patlants without iver

~ digpase.

_Annthnr intaresting f_ind_ing was that the tu_rria_ur_ with hiat;ﬁbg!cal- fe;utures
| ) i_af_ poor -diffarantlatiqn and Whtt:h héd the highest o-fetoprotein
: éonc_entra_tiun atsb wai found to 'hava thé-'high_a_st lovel of c-fus and c—fnya
anNA -(’pﬁtienf 20of T&bis a. .‘l aﬁd Figurs# 3.15 and 3.16), Convarsaly, thé
tumaur with well diferentlatad histalogicai faatums and the !&i.mest u-
| fetoprotein toncentration alsu had 1ha lowast c-fos and c-myc mRNA inthe

- tumours {patient 1 nf Tabla 3.1 and Flgures 3,15 and 3. 161
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i Number

Patiant

Degree of Tumour

[

i Ditfarentiation -

‘Well ditferentiated

g-fatoprotein

concentration {ng/ml) §

46

1 Paorly differentiated

63034

Wall differentiated

622

Well differentiatad

17 804

g o

' Mo.c;erataiy differentiated |

__:_13.05.

W

| Wall ditferentlated
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Tabie 3.1: Sarum o-fetoprotein concantrations and histological assessmant

of the'degra'e of diffaréhtiation of turnours from six pattents. * - thig patiahf

- did not have sarclogical evidence of HBV infection.
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hi1 23 ¢ﬂ6 a

8.5kb }
7.8kb

44“1}_ ‘, - ' |
24k BN Wiss
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[

wt&onhem hlat analysm of HNA axtracted frurrrmﬂépatocellu.ar
carcinoms specimeng (1-8) and normal liver tissue (N) from a patient
without evidence of liver disaase. The upper pane! shows a gcomparison of
tha signal obtained after hybridising with & radloactiva ¢-erbA probe. The
lower pansi shows elactrophoretic separetion (formaldshyde 1.5% agarose
gel staingd with ethidium bromide) of total cellular BNA and nmlecuiar
weight RNA prior to biotting
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Eigurs 3,13 Nerthern blot anaiysis of BNA extracted from six hapatocaiiutar
carcinoma specimans {1-6) and normal tissue (N} from & patient without
avidencs of liver disease. Resolution of total cellular RNA after agaross gel
alactrophoresis is depictad in pansl a. Samplas wsere processed by
hybridisation to & radiolabelied c-Ha-ras probe {panal b).
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~ c-erbA mRNA concentrations

ZO~BOMIUXM ®

in hepatocellular carcinoma

p 12 » 4

) PATIENT .HUMBER- L

~ EMTUMOUR ADJICENT EZITUMOUR




.14 A comparison of c-erbA mRNA concentrations in nonmal {N), tumour and adjacent liver tissue of six
patients {1-5). Extracted RNA was processed by Northern and/or sict blotting with hybridisation to the
radiolabelled c-erbA oncogens probe and the intensity of the siots assessed densitomatrically. The ratio of the
c-erbAlactin hybridisation signal in the normal tissue {N} was used as a standard {100%: for the nompansan of
mRNA expression in tumour and adjacent liver tissue. _
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Figure 3,15 A comparison of ¢-mye miiNA concantrations in normat {Nj, tumour ami tumnw aﬁ;acmt livar tissus
~ from the same six patients “!-61 of Figure 3.14, Data wers miysod a% descnm in the legend to F:gurs 3. 14
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Figure 3,16 A comparison of c-fos mRNA cnncantratiohs i normal {NY, tumour and U o édjagﬁent liver tissue
fram the same six patients {1-6) of Figure 3.14: Data were analysad as dascribed in the lagend to Figure 3.14.
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c-Ha-ras mRNA concentratlons m
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| w A comparison of c-Ha-ras mBNA concentrations i | ' ur adisc
HRIES 2, L son of o-Ha-zas mANA cc in noemal (N}, tumour and tumour adjacent li
tiscue from - . he - ana nt liver
ey m the samg six p_atlants.lgi 6) of Fh;u;e 3.14. Data wese analysed as described in the legand to Figure
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© Sint. raprasentation of the data obtainud when the RNA was probad with

the ¢-Ha-ras prabe is gi\k_en in Figure 3.17. In this cése, the intensity of the
: 5 . :

hybridisation signal 1.:i.ras» similar regardless of the matignent or benign nétu’re

of the tissue which was used as the source for RNA extraction.

Typical examplos af__Sauthern blot data from Hindill DNA which was probed

with the c-mye, c-.érbA and oncogena pf_obas are depicted in Ftﬁuras 3.48
and 3, 1_9.'1?15 e'ssentia} teatura was that the rastriction f_ragments detected

‘were of similar size and emount regardless of their tumour or adjacent

normal tissue sourcu. This suggests that there was no rearrangsment of

“these oncogenes which may have resulted from HBV integration, Aithough

- aninternal hybtidisaﬂm standard was not used, it appeared that thare‘_ima_s _

'n_o amplification of thase oncogeneas in the turhours. A congistent fa_a_tu'ra‘

_of liver tumours which arise n association with hepatitis B virus infaatiarxh '

is the integration of {ha DNA of this vires into the genome of the host

(Imazeki et al, 1987; Shafritz and Kew, 1981; Bréchot ef a/, 1980),
Waestern blot analysis of prbte’ins axtracted from tumour tissues Is given in

Figure 3.20 and 3.21. Here, itis shuwn that in hepatocallutar carcinoma |

Specimens. the amount of ‘leé and Fos proteins is elevated,
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floure_3.18 Hapremtaﬂvn Southern blot of DNA extracted from

hepatoceilular carcinoma (T} and tumour edjaceht tisgue (N). 10ug of DNA
was digested with Hindili, subjected to elsctrophorasis and Southem
tranafer with hybridiaaﬂon ha radiataballed c-arbA pruba

7

e
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ﬂmm_ag_a Reprasmtatlva Snutham blot of DNA sxtracted from
hepatocallular carcinoma {T} and normal tumour adjscent tissue (N}, DNA
nrocegsad as described in the lagend to Figura 3.18 was probed with a
radiolebetiad c-myc probae, -
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Fiours 3,20 Typlcat Wastarn blot data from normal, tumour adjgeent (A)
and tumour (T) tissus. The proteln samples extracted from the various
~ tissues ware probed with 2 Fos protein antibody, Detsction of this bound
antibody was by using ™ I-labelled proteln A and auteradiography. :

Pl
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| -myc __

)

. Figurs 3,21 Typicel Wastern blot date from normal, tumour adjacent (A}
and tumour (T) tissus, The protein samplas sxtracted from the various

tissuas ware probad with # Myc protein antibody. Detection of this bound
antibody was by using ""i-iabelled protein A and auteradiography.
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Flgure 3.22 Coomassie bius stalned polyacrylamide gal of ver pfnta!n
samples {804 tagend of Figure 3.261 gaparated aftar slestrophorasis. This

ge! reprasants & duplicate of thnsa uged In Fintzraa 3.20 amd 3. 21 for

Waatern hiat anaiwis.
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. Figura 3 22 conﬂrmed that the smiount of pmtein from aach of the tissue

specimans whinh was !oadsd onto the polyacrylamide gals was simnler. This

_ _F;gum represants & typical Cnonmssia biue gtained palvacrvlamide gel of

Jivar protein samplas prior to siectrohlotﬂng. The gel shown in F:gura 322

: isa dup‘:cate of thase which ware analvaad bv Wastern bmtting depictad |

m Figuras 3.20 and 3. 21, Quanumiuu of these Wastsm blot data by

dans!tamazric saannmg of the aummmopmphs is gwan in Figures 3. 23 and

Composite grephical comparison of ¢-myc and c-fos mRNA and protein

conesnirgtions in soma of iha turnour smimens is rapresantad In Figures
3,25 and 3.26. The éxtamt of the correlation betwesn the amount _of

messanger RNA and the oncoprotein content can bs seen hers.
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Myc protein concentrations in
- hepatocellular carcinoma
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w I:ampaﬂson ofc-myc «ncoprctem concentrations in liver tissue from narmaf donors, tumour adjacent
{A) ardd tumour specimens (1) of patienits 7 1o 13. Values are expressed raiativa to the normal {1 m%s Tumnur
‘adiacent tissus was not available from all of the patients studied.
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FEoure3.24 Ctsmparimn of c-fos mprotain cancentrations in liver tissua from normal donors, tumour adlacent
{A} and tumour specimens {T) from patients 7 to 13. Valuas are axpressed reiatiua to the normal I'EGO%} Tumour
adjacent tissue was not available from all of the patients studnad.
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m.:i.zﬁ cgnmansnn of c-myc mRi\iA and ;i?otein mncéntraﬁbns.-in liver tissue from normat donors, tumour
adjacent (A} and tumour {T} tissue from thiea patients {7 to 10 of Figure 3.23). Values are exprassed refative
to the =avmal {102%) and the numbering of the three patients is similar to that given in Figures 3,23 and 3.24.
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Cemparison of c-fos mBr% and pmtein concentrations in lwar tissue from normal danors. tumour '

ad;acent {A}] and tumour (T} tissue from three patients {7 to 1D of Figure 3.24), Values are é«pressed relative =«

- 10 the normal {100%) and the numbaring of the three patients is similar to that given in Figures 3.23 and 3.24.
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'The fmdmg of eievatad ancogens exprassion in moit of tha hapatocaliular '

carcmoma spemmens studzed here suppmts the idea that theur_

nvaraxprassion may be mzpartant in the development of iis tumour._ |

- Despite tha, abundant avidence for the involvoment of HBV in the neoplastic

process, no clear mechanism has emerged fo explain the process {see

oo

Sect‘g‘an 1.5}, Insertional mutagenasis by imegrated H_BV BNA has baeri a
popularly invokea theary mréchof et af, 1981; Shafitz and Kew, 1981;
- Shafritz 1 8/, 1981; Koshy etal, 1 981) but the sites of HBV mtegration are
not c-:ms:stant, and HBV DNA daes wot aiways m‘tegrata at the same sate

“in the host's gencma. Aithaugh no gms.s rearrangamants of oncoganes

)

wers found HBV integratlaia cannotbe deiiniteiv excluded as a mechanism "

for enhancing oncogene expression. {In this study a-limited number of

restriction endonucleases was used for Southern blot analysis.} In addition,

| integrated DNA may havs long rahge effects on oncogene transeription,

Elavatmn of both riiRNA and protein from c—mya and a-fns imphes that the

actwation is at the leval of transc'zptmn. c-myc and ¢-fos may be lmplicatad

directly in the prﬂcess of malignant transformation or alternativeiy reflact

the mi;otic status of the tumnour cells. 'c-mya and c-fos have besn

 racognised as bncoganes which are activated during liver regeneration

0
P
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 {Fausto and Shank, 1983, Fat.stn and Shark, 1337}. Aisa, in this st , |

the serum g-fetopratein cnncantratiurs and c-fos and $-myc expréssinn |

” _ am}eamd 1ot ; mlate v)lth the tustalanlmi featura& mtmnourdiﬁaremmtian

 (Table 3.1 and Figﬁres 3.18-14), and the csagm of d:fferant-atiqn mav o

correlata with tha rata of division of the tumour '*eiia. _

A further important point is the fact that the oncoprotsin concentrations in

* the tumour adjacent tissue, Cstermined using the Wastern blot anglysie,

werg eiavafe_d ‘whan cempared to the 20tally normal tissug which had h&a_r_x_ )

obtained from organ donor patients who had a0 evidence of liver disease

{Figures 3.23 and 3.24). This corraborated the comparison between

oncogene mANA concentrations fram tumour, adjecent and normal tissue

{Figﬁ%a 3.11 and Figures 3.14 to 3.16). Elevatod oncogené exprassion in
~tumour aglacent non—-mallgnant tissue mav raﬂect a8 pre-nanplaatic state {og

cirrhosis or hepatitis} which is pm of a muitustap hapatacarcinagan!c

process {Yang ef &/ 1991}, Regenerating liver cells are a festure of

hepatitie and cirrhosis ﬁf__ the liver. It is therefore not surprising that
slévﬁtad_e’myc-and c-fos exprassian mé dosumentssd in many af‘_it_léa
- tumour édjacant ilvof tigsua gﬁécimns which usually demonsirate featusas
of hepatitis and/or pirrhdsis. | o |
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Enhanced expression of c-erbA in hepatoceliular carcinoma may render i_h_e

cells more sensitive to carcinogenic influences of hormones. c-erbA has

been shown to have homo!ua¥ to the thyrold hormone receptor {Sap el al,

1986; Wainberg et &/, 1988) -and possibie hormonat involvement in
hepatocarcinogenasis is well gocumented (Christopherson ef &/, 1975;

- Porter et 8/, 3987).

The finding of sirilar turour and normat c-He-res mBNA cdncantratians

suggests that this oncogsne may not be invalved in the garginogenic

process of the HCC specimens Studied here, Smalf mutations of this gene -

. _ LA
{such as a point mutation} which do not affest the rate of expression can

_hnwaver not he excluded. .

An expfanation for the observed increased oncogens expression is tha_f'

intagrated HBY DNA may be producing a trar1a¢riptianal gotivator. Possible
: ca_nciidateé for trens-activation of the oncogenes are the HBV‘pfﬁdunts of

the praS2/S (Kekulé et a/, 1990) and X-gene {Woilarsheiin. et_a!; 1988

regions. The X-geng is now known 10 intaract with ¢-mye and c-fos a

gromotors to increase tanscription of thase oncogenes {Balsara er a2/,

1991).
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it has been propase'd that durin'g.tha ﬂevainpmnt of HOC, there gre two
" important forces which dive the carcinogenic process {Yang sf 8/, 1991):
1. ths"prssanca of a carcinoganic agent, ag.ﬁ__ H_Bv; and '_
‘2. amitogenic stimulus, | | |
In support of t_hi_s,'"it has racently beor: shown tﬁgi' HCG develops more |
fmquanﬂy when aswclatad with incressed DNA synihasis {énd therafore
hepatocyte division} in patiants v.ith clrrbnsis of the liver {Tarau et al,
- 19923 | .
A numbsr of hepstucyte mitogens has racently been discovered which may
ki important in the prm:a'xs of liver regeneratian, hiepatocarcinogenaesis and
tharefora ancogana sctlvatian. _Thav inciude hepatocyte growth fao*ur.
(HGF! tMichalopuuloa and 2amanar, 19921. insul'n like qrqwth factors
{Quin, 1992), transforming growth factors @ and & {Castilla of @/, _1991,
= 'Bran.nér;. 1991; Féusta,. 1991). An -intaréétirig recent finding’ is that the c-
met bnc'ngsna sncodes the cell surface receptor for HGF and is rapidy

activated by treatment with HGF (Bottaro of &' 1991}

Expressionof c-fos and c-mye sre elavated during tivae reganeration {(Fausto
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and Shauk,.' 1933: Fausto and Shank, 1987}, The finding of incre.sed
~ expression of these anccgaﬁgs in the HCC ahscimen_s studied here |
- suggests that thers may _be”an 'alevatad rate of hepatocyta p;ﬂllfuration.
This ider prompted investigation of the §xpr§ssien of '_nuclaar
.prnt'ﬁoncogma: in cultured cells which are subjected to & mitogenic

- stimulus. Exparimantat work to addraii this g describved iii Chapter 4.

The pdaaibie rola of thb.prdtein protiuct of the X-gene of the hepatitis 8

virus as transcriptional activator stimulated inte_ra#t in this gena. |
| Ttanacﬂptiohal agtiveting -probsrtlu's' of the : g’#n’_a had ..already heen
. dumonstrated and hava;\banjn discuseed, 'n"té-:possiblé sukaryotic origine of |

the HBV X-gene ware Invastigated, and this is described In chapter 5.
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- ~ Chapter 4

THE EFFECT OF ALKALINE STIMULATION ON RNA

SYNTHESIS IN 3T6 MOUSE FIBROBLASTS
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- e TION ON BNA SYNTHESIS INSTe

Whaen celis mﬁva from & qulescent t_o' an act_lvéiy dividing mm saveral
imb_or_tan_t _contréiiiﬁg_ events 'occﬁr. !nc!hdsd is the increased oxpression c_f
a varlety of .génas which are :h&ught to play a role in the control of the r&ta |
. of éali divls!on‘.' Ekamplas of thase ganes' arg thﬁ nuc!é_ar 'pfotooncngenas'

c-mye, c-fos and c-fun. This toplc has been discussed in Section 1.3,

An axplanation for the vvarexpression of ¢-myc and c-fos in liver t_umouii
{chapter 3} I that tha;af 8 & higher r'a.te. .of calt divi#ion inthe hapatdcalluiar
| carcln_nmé #pacimar‘is_. .E:.:tprassiun of these oncogenes Is Incraased_wban_
colls are ‘isﬂrﬁulatad to divide and is a feature nf_. liver celis during
| régenarat_iﬁn following paﬁ:ial -?aépateciumy (F‘.guato. and Shaﬁﬁ. 1983;
| Fausto snd Shank, SQS‘??. in this chapter, an tm(astiﬁaﬁcn was made ofthe |
sffect of aiké!irm mitogenic westrnant of cultured mouse 3T fibrablasts an )

nuclear protooneogene axpression.
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- The ﬁeituiar reactions that occur éfta: tﬁe addition of a _anw;h factor to
ceil# sre.coﬁipiax; a_sid it hé's theréfora haan ':diff.fau.li.tu detarmina.ax_aet!v
“which of the r_éaétlons_ mediate the growth factor fesponse. For example,
_the tyrosine kinase farily of '_gromh factar receptors appear to be

tmpértant in the ttansitio‘n of colle from & quiescent to activaly dividing
state. Many of.the racaptqrs_in ‘this family aiso stimulate other cellular
fqnnﬂms s‘_ﬁch as rnigration, changes In shape, production of extracallular

- matrix {(Williams _m" al, 1891), ;Pas_. a resulf of thislgompl_axit\.r of the caliulsr
réapﬁnsé 1o growth factor st_!_rhuiatlon, it haa baen difficult 1o ﬂaiarmlria
exaotlk WHiuh of tfm reactions mediste the gruwth- factor raabansag _

| Ona of the aarliast aﬁacts of growth factors on quiascant cnlls appears to | -
ba the activation of the Na“‘;H" axchangar {Pauysadgur et af, 1982* :
'Moolenaar et a/, 1982; Pauysségur, 1987). it has been suggestad that the
subsaquarit Na* inﬂak and imfacellular alkalinisation may he the principal
factors invoived in the saquance of avants initiated i}y growth factor-target

'_cali intaraction (Koch ﬁnd Latfart, 1979* Bozannurt. 1981; Pouvaségur &t
al, 1382; Moolenaar ot al, 1983; Rothenhafg et &, 1983; L’Allamain of a/, B
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1982: Muldaoon .et &l, 19885; Fouysségur et af, 1985]. Morenvér. the
‘biocking of this sntiporter with amiloride (L*Allemein e /, 1984b) inbibits
growth faatar—inducad DNA synthesis. Pauvsségur at at {1984} hav& also
demonattatad the innbmty of mutant mammalien cells which Iack the
Na*/H* exchange activity, tu grow in neutral or actdic pH, wharaas atan

axternal alkaima pH ’they graw ata un_r__ma_t. tats.

Furthermare, it has been shown {Bravo and MacDonald-Bravo, 1986} that
the progression of calls to the €.phase of the cell cycle is highly sensitiva

to the extarnal pH. Zettarberg and Larson {1981} have demanstrated that

after 3 minuta_s of treatment with culture 'medium'at. a pH of 8.5, 373 .

Mousse fihldblas'ta can tié induced to undergo DNA gynthasie and mitosis
under cdnditionﬁ of starvatlon AItha’th not e;tablishad, the machanism
of the mitogenic. atimulatmn 18 likely to be by !ntraaalfu!ar alkaitnisation '
_ (Zatterbnrn et al, 1982).

Kinetic analysis of 3T3 -'m,au#& fibrablests traated brisfly with alkaline
rﬁedium’ de’nﬁnmrﬁtas that the prograssion of eéﬂs to t‘ha $-phase ocours |
at a similar time to that aftar foatal calf ssrum atimulation Tha time taken
ta anter the s-phaaa after stlmulatian is approxlmtal\t 12 haura (Zattarherg
gt al, 1982). |
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41,2 ANALYSIS OF OTNE EXPRESSION I

A méfui_madef for the study of gene ak.pr_esaion_during céli prolifaration is
| that of using bu.‘tumd 3T2 or 376 mous: fibroblasts, Thase cells can .b_e
 induced to enter & quiescent state by depriving their medium of fostal calf
serum (containing grdwth _'faci‘..drél. They can then be induced 1o enter tha
8 phésa- of the cell cycle svﬁchrannnstv by the addition of thé apprapriata
gtowth factnr;s or a. ht'ghqr'concentraﬂm of foetal calf serum (Stiles o af,
19?9}‘_. A aahveniant approach {used hare and in many of the pravlquslv'
ﬂescribed axparimntsf.'to the. undefaiaﬂdi_nq of the .genatté basis of cell
N pioliferﬁtion is z.té identify the ganes whﬁsa éxpra'salon is affected by the

axposura to the growth factor stimulus.

An advantags of using the alkaline treatment of cells a8 & mitogenic
stimulus is that ce'll's' can bé mintainéd under conditions of rointive |

starvation, The numarous affects of foetal caif serum par se can thus be
minmsad. Also, this axpéﬁmentai modaf allows assessment of increasad

pH, a8 being & trigger required for stimulation of oncogens expression. -

Two approaches have baen used to characterise some of the transcription

158



responges of 3T6 mouss.ambryo fibroblasts to an sikaline mitogsnic

stimulus. The first was o analysis of total cellular RNA synthesis. Use was

" made of the pulse lsbaling technique desc:bed in the Methads and

Materials Section {2.3.2). The second mors specific approach was 1o use
mRNA hybridisation in arder to analyse ¢c-myc, t-fos and ¢jun expression
in 3T8 mouse fibroblasts after tréatmnt with alkali'na roedium 88 &

mitoganic stimulﬁ#
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Figure 4.1 is & depiction of the ﬂuofugraph which was obtained aﬂaf puls;a

| ~ Iabelling to assess changes in the svnthaaia: of total RNA following alkaline

stimulatio'n.' Visual ¢amparl'son shows thsat there are no majo changes in
the bands which are visible on the autorsdlograph, and this was

 corroborated by denaitomatric scanning of the autoradiographs.
\1 _ _ _
Figure 4.2 shows i} ge! similar to that depicted in Figure 4.1 which had
| ~ been stained with sf"iyer and therefora represents chanqes intotal RNA, As
with Figura 4.1, theré were no cbvious ditferances between the lanes.

W
i
i

" A limitation of this ;att“‘pf experiments was the relative insenaitivity of
\‘_.. | -
datection of the changes:which may ocour in the exprsasion of spacific

RNA apecies, Alto, the eleatrophoretic ssparation technique used, that of

5% . polyacrylamids gel alectrophorasis, dtmg not rexolive '.iarge- RNA

'm'dlﬁculss (a;iproximatalv {arger than 188 rihmamai RN‘A}.
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 Figurs 4.1 18 « depiction of the fluorograph which ;vas obtained aftar.pulsé |
taballing to assess léharig'as iﬁ the synthesis af total RNA follanﬁnn alkaline
© stimulation. Visual comparison shows that thers are no major changés in.

- the i_mnds" which sre visible on the autoradiograph, and this was

corroborsted by densitcmetrls seanning of the autorsdiographs.
Figure 4.2 shows a gel similar to thet deploted in Figue 4.1 which had
‘been stainad with aifver and therefore represants chenges in total RNA. As

with Figure 4.1, there wer's'nn cbvicus diffararices batwosr tﬁe fanes,

" A fimitatiors of this set of experimants was the -ralativa-iﬁ'sen'a!tivlty of

detection of the changes which mey occur in the expression of specific o

RNA spacies. Also, thn elnctrophuratic mparailon(’hchnique mdﬂ that of
B% poivaawtamida gel electmpho*sals. duaa not resaive Iarga HNA _
molecutas tapproximatesly 1argar than 185 ﬁbor;oml RHA}.

§ -
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B abvdefgh

Figura 4.1 Fiuorograph of radlolsbelisd RNA syntesised after afkaline

stiviulation and saparation oi % polyacrylamide gel €lectrophorests. Lanes
fiom laft to right {a-h) represent RNA axtracted from unasiimulated cells
{lane a) and at two hour intarvalg up 10 14 haurs after glkalina stimulation
{lanes B-h). In each case, pulsing with SH-uriding was for the finaf two

hours of the cubation afte. the alkaline traatmdnt. Datalls of this
procedure and the processing of ths gels for ﬂumgraphv ig butlined in

Jection 2.3 of 1. @ Materials and M stheds. The autoratiiograph depicted In
A was afisr 2 days exposure, and that in B was amer!a WeuKS 8Xposure.

L
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abcde fgh |

s~ I8 4

e

| ﬂmﬁg Siiver stained 5% polyacrylamide gel of 3T6 mouse ﬂbrobiast

RWA separated by elactrophoresis, Lane & rapresents thae gontrol where
cells had not bean stimulatad by elkating treatment. Larss b to h raprasant
the separatad RNA from 8T8 cells which had baen stimulated with alkaline
mediurn gnd then harvested at 2 haur intarvsls 2 to 14 hours thereafter
{lanes b to h). _ _

AN
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A graphicai representataon of the time course of tha axpressinn af ths threa_

' cmcugenes studiad tc~myc, c-fos and s«junl afrer alkaﬁne stimulation is

givert in the Figures 4.3 10 4.5 Oncogane axpresslon (hvbndlsation ratla)' |
is-axpressed a8 a funution of the ratia of the intensity of the hybridisation -

. signal {detected !iy densitometric scanning) to the intensity of the analysed

~ stained amaga of the 185 ribosomal RNA detected on the- nitrocsliulose

membranes of the Northem blots. The valuss ohtained at each of the time. ]
‘poriods represent the differance in ratios obtained for the stimulated and

unstimulated cells, These dats were obtained from the anslysis of RNA

axtracted trom the pooled cells .nf'three' indepandently treated culturs
flasks. The detalls of the procedures of analysis hava.haaﬁ outlined In

Methods Section 2.3.

An importent cansideration whon working with cells in culture, and

analysing thelr responsa to & stimulus is that the process of changing of
culture madium itself may result in the stimulation of various genas such -

a8 the ones studiad here. The data presented in Figums 4.3 10 4.5 take this

into accaunt. Tha presantad data repraaent the diﬁarenm hatwm tha

' hyhridlsation signal datautad

1_3'3
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W Titna course of c-myc mANA levels detected after: treatmnt of cuitured 3‘!’6 mouse fibroblasts with alkatine
medium. RNA extracted from the cultured cells at two hour intarvals aftar alkaling treatment was subjected to Northern
blot hybridisation analysis. The signal detected (by densitometric scanning) was expressed as a ratio to the amount af
18S ribosomat RNA detected on the nitrocefiujose biots after staining with mathylene blue, The data wers expressed .
as the difference batwesn the signal dataated after alkaline stimuation and that after changmg tha culture medium in
the control cells.
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WTme coursa of c-fos mANA cancentraﬂons detectoh‘m’é‘l' 6 mouse fibrab!asts after traaiment of the cails with
alkaline madium, The prom;ng of the dat& was as descrlhad the legend tc. ﬁgure 4.3, ) _
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E&M& Tume course nf o-fun mRNA concentrations detect@d in 376 mouse fibroblasts after treatment af the cells -
- with alkalina medium. The prooessmg of the data was as de&t:ﬂbed in the legend tc figure 4.3,
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aftar alkaling ”siimuléticn and that obiained after changing the medium in
~ the control cells. o | | -

- The axprasainn m‘ the thres nnnnganas was found t&r mievated fallow:ng
- atkaling treatmant Ingreased Bxprassinn of c-fos and c-jun ocours 1 to 2 .
- houra after the stimulation {F;guras 4.3 ancl 4. B Elavatlon of c-fas :

| axprasslon is groater than that of g-fun. The dlagram {Figure 4 A} shows

that the increasa in c-fas expression m approximately 5-fold at its

maximum, wheraas that of c—jun is nnlv 2.3 fold increased. Both ¢-fos and
_ c»jun- rmRNA eancentrations reach the hasalina- {level at time 0 hours)

approxlmatelv 4 hours after aﬁmuf&tmn. ‘I‘huv is slmilar to the tima couree-

‘of c-fas and c»;un mBNA com:entrationa aftar gmwth factar stimulatim 2

(I)enhardt &t al, 19886; Almsndral &t &/, 1988. Nakabapqu ot al, 1_988).

| | The increase in the 'axpredfaibn of ¢-myc oocurs at a later stage after the

alkalina stimutus (Figure 4.3). This diagram shows maximum expragsionat

the time 3-5 hnurs after stimu!atian snd tha baseline leval is reached & |

 hours after stimulation {(Figure 4.3},

Thesa results are In kesping with the praviously discussed dats on the

 stimulatlion of cells with varlous growth factor mitogens (Section 4.1). That

187«
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after alkaline stimulation and that obtained after changing the medium in

the contrdi calls,

The 9xprassnan nf the thraa oncgganes was found tr.r be eievatad foltaw:n&

aikaline treatment‘ incraasad axprasston of c-fas and c-jun occurs 1 ta 2

. hours after tha Stlmulatiun {Figures 4 4 and 4.5). Elavatlnn of c-fos.

‘expreasion is greater than that of ¢ j:m. The diagram {Figure 4.4) shows

maxim‘um.- Wharea's that of c-jun Is onlv 2.3 fold incraased- Both c—fas and

approximly 4 hours aftar stimulatinn. This is similar to the time course
L

of c-fos md c-jun mRNA concantraﬂona after growth faetor stimulatlnn L

(ﬁanhardt at 8/, 1!‘.‘86., Almandrai at al, 1988. Nakabapnu et &, 1988)

alkaline stimulus {Figure 4.3). This diagram shows maximum axp_résslan at
‘hours aftef stimulatldﬁ'(Fiﬁura 4:3}_1_

These ras_u'lts are in keoping with the previously discus&aff data on the

stimulation of cells with various growth factar mitogens (Section 4.1). That

187
(,
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 that the increase in o-fos axpression is appraximateiy S-fold at e |

, ¢-jun mRNA cnncantraﬁuns reach the baseling (Iavel at time 0 hours) o

The Increase in the axpression of c-myc occurs at a later stage after the

- 'tha time 3-5 hours after stimulation and the baselina level Is reached 6 -



is, the express'un of o-fos and c-jun do appear to parailei each nther wuth
respent to tha time &t which than- axpressmn is at a maximumn (Nakabeppu -

et &, 1988)' Furtharmure, the increase in ‘the ex-nressinn of these two -

_ parﬁcu!ar ancogpnes oceurs soon- after the gmwth factar stlmuiatmn
_l!krmjer et al, 1984}, wnéreas the expressmn of c—myc goours at 2 later
- stage of the @1 phase pf the el cvc.le {Morgan and Pledger. 1989;
L Persymi et m\1986) ' ' o

“The previbusly documented 20 to 40 fold Increases in the concentrations

of c-myc mRNA following treatrent.with a growth factor (Denhardt et a/,

1986} were not demonstrated using alkaline treatment. Here, the increase

was only epproximately 3.5 fold (Figure 4.3). The tnost important rea-ts;dﬁ*‘_

W
.

for these differences may be that these experimental data WQfa analysaﬂ

 differently {taking into aceount the effects of changing of cuture medium -

see pagg'*‘lGS}"to'thSa' of the .'rapol_"t by'D'anhardt-é? a7 (1986). Also, o

alkaline treatment is likely to have ‘-nonfmitbg_enic', and perhaps deleterious,

effects gn cells which inurrectly influence oncogene expression.
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- Parason et af, 1986},

. ls, the expression of c-fos and c+un do appear fo parailel each other with

| respe_ic-t 10 the time at which their éxprasslqn'is ata maximum-makabap'bu

et al, 1988). Furthermore, the increase in the expression of these two
particuiar oncogenes occurs soon after the growth fastor stimulation
(Krgijer ef 8/, 1984}, whereas the expression of c-mye occurs at a later |

stage of the &1 phase of the call cycle (Morgan and Pledger, 1989;

The previously documented 20 to 40 foid increases in the ¢oncentrations

of c-myc mRNA fo!la-Mng treatment with a growth factor {Denhardt at &/,

1986) were not deronstrated using alkaline treatment. Here, the incraase

was-'only approximately 35 fold (Figure 4‘-.3?. The most impprtant reason
far thase differances may be that the#é. experimania! date were a-nalysad
differently ltakiﬁg. into account '-tha. arfects of chanyging of culture .medium - _'
seo page 1-635 to those df the report by Danh'ard_t at ol (1986). Also,

alkaline treatment is likely to have ‘non-mitogenic’, and perhaps deleterious,

. effects on celis which indirectiy infiuence ancogenea expression. o
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 Bvidence has been presented here which further implicates c-mye, c-fos

" and c-jun in the regulation of the cell division process, The expression of

‘these ganes has been shown to be increased. following mitogenic

7. stimulation with alkaline medium. Growth factors sct on 2 Na*/H*

: antiporter to increase 'ﬁh_traaaltular_pl-t {pH), and this is thought to ba

importaﬁt in‘ the '-mitogeﬁid -respnhse' {Koch and Leffert, 1979; széng’urt, -

1981; Pouysségur et al, "98 Mooienaar er al, 1983; Hnthanberg etal,

| 1983. L’ Allemeln et al. 1384 Mulcioon ar a{, 1885; Pnuysségur at af,

1985). Mltogamc stimuiat!on of celis bv thair treatment with alkali is likely -
" to ingrease pH, and thigrehy 2ave the mitogenic affect. The dsta presented

suggest that an Increased pH, par se precedes the axpression of the falh.ilai" |

 oncogenes c-mye, c-fos and o+jun, and intraceliular alkelinisation is likely to

- be an nbﬂgatdry stap in the cell stimulation _pa_thwa\j.

N

Alka!ine traatmant of cells may bvpass the normally occurring staps ln the

cascade of events laadmg from growth factor atimulaﬁon ta the lnitiatlun |

- of DNA synthesis. The induction of cells to enter the § phase of tha cell
“cycle appears to be independsnt of progression and competence factors.

The alkaline witogenic stimulus can be carrled out under conditiors of
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refative s'grvatian whara both _PbGF'am'i PPP factors _#ramii”mite_d in the
oultura mgdium. {Zetterberg and Larsbn, 1981; Z;ttarbéfg et al, 1982}
tin'cre'gsed 'agpréssi_mj. of ejun, o-fos and c&nyc {comp.atanca_ géﬁ&!ﬁ}
sﬁggasts that in the sy#tem used hare, aikalina_ stimulation may at least

- have affects similar 1o competance factors.

These dsta suggest that increased pH, Is the culmination of actiong of
growth factors which trigger the Incresse in axpression of cellular

prétonncaga_nesg By treating cells with alkaling medium, the n_otmally

i
4 .

occurring steps in the pathway may be “short circuited’. it therefore doas
hot apipanr' that increased pH. is 8 cowldental parrﬁiaslvé sffact of the

~ mitogenic treatmant cf cuftured cells.

The machanism of oncagene acivation in hﬁpatocellui&r car:cinbma' is
uncertain. Thair expression may refla’r\;t'stimulat_iun of liver cancear célls 10 |
divide in a similar way to the Induction of oncogans sxprossion in
- stimulated -&ulturad cofls, Alternatively, the axpras:iun of the nuclear
protooncogensas may be & result of tr&ﬁsc;ipt_innal activation by the pfo‘dﬁbt :

of a gene which may be primarily responsible for the hapatécamimgamc- _ |

process. Such'a gena s the hepatitis 8 virus X-gene. This gene has been



ﬁ

shown to havs transcriptional activsting properties of nuclear

-pfﬁtﬁam_mganes ‘Bsisano of &, 1991).

/j

ke
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A ganaral repmsantat-ion i}f the gan‘e‘tic ozganisatiun bf the hapatitis 8 -vir’us

. ganuma hag been given in the lntroduct.un 'Fiqura 1.3). In addition to tha
pre s;s (oncading tha three anvalopa preteins), the ¢ (ancoding the ma;or

core L }ain, P22c) and the P regions (encoding & DNA palymerasa =

reverse txanscriptase), & fourth open reading frame {DRFL tha x-ragian; |

* GONES 8 protam {HBx) cf 154 amlno ac!ds with B molecular mass of 1‘? kna
' tT_iuuais ef al, 1988; Chisake ot &/, 1987; Siddiqui et &/, 1937, Lavrero at

al, 1930}, This gena appears 1o play an impontant role ir the life évcia ot

 hepatitis B vitus. The inability of viruses with mutations in the X-gene to

graw in animal hosta {Calgrova at ai. ?9881 and tha high degraa of
consarvation of this gena among&t hapadnuvirusas suggest this {Lo ef &/
1988). |

The HBx protein hes protein kinusa_ activity (Wu ef 8/, 1980} and bean
‘found ta have transcriptional activating properties (Twu and Schiosmer,

1987; Aufiero and Schnelder 1990; Wallorshsim at al, 1988). Actlvity as
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. . \ . . . : ) ’ ) . . . ) - . . -
a sering }Jrateasa_ inhibitor has also racently been documented {(Kotke,

1992).;:_ The proteolytic and protein kinase activities may be important in o

' -reguléting the interac on between celiular transcription factors and the

HBx-responsive DNA elsmants (Wu et &), 1990; Kulke, 1992).

There is signific&nt evidence implicating. the X-gens in de_ﬁelofxmant of
hepatocellular carcinoma, Transgenic mice derived from germiine cells with
tha X-gene mcarporatad progressively develop of histopatholugicai changas | _

which ult!mately !ead to tiver maiignancy fl(lm et al, 1991} Transcriptional

. acﬁvation of the- celluta_r oncagenses e-fos a_nd g-rayc hy the HBx proteln

" may be impartant in the development of hepatoceilular malignancy (Baisano -

et al, 1991).

P

An :mportant and stnkmg featura about the genatlc organisation of the

 hepatitis B virus genoma Is its cnmpact structura. This is achiavad by the

| overlapping- QRFs which co!lectivaly form the genes of HEV tMiller e a_f,

ot

1989).
B

Thera is sbeculation -_abaut'the mechanism by which HBV svolved this

gomplex gpnaﬁc organisation. Coraputer analysis Indicates that the long

overlapping surface and polymerase ORFs may have evolved from a

common ancestral
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| ganetic elemant which gava,_ rigg 1o retroviruses and retrovirus-iike.

R - | ' tmnspo.sunsz(ﬁomﬂsnﬁ Gi' ﬂ_’; 1937}. )

“The small size of HBV (3.2kb) makes it espacially 8 jrable to detalled

* computer analysis of its sequence and comparison to other known DNA
e sequences of ratrovirusas. It has been found that thers is @ number of

consarved sequences of hépadnavi'msas'vgbich ‘also share 'harﬁo!bgy to

" corresponding reglons of the genomes of ratrovirusss (Miflar and Robinson,
1986; Robinson ef o/, 1987; Miller ¢ af, 1989). Thess $imilarities are

‘summarised below,

The most highly conserved region amongst hepadnavirus stralns is a 111

' -hucl&otida sequence extending from the 3’ end of DR-1 Into the Cg-région-

{see Figurs 1.3), of 11 mammalla'n'ha'pﬁdnavtmses studled, the dsgrea of

homology ovar the entire saquence [ ;_more than 95-%; while the degres of
conservation amaengst the first 50 bases of this is'aqdarica is 99% (ibid].

This s_aq_uancé has alzo been found to have most hamoidgy.wnh'rétroviral E

sequences. This Simil_arity :insts batwesn the first 66 nucleotides of this
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sequence and the U-8 sequence within the _'lung_ tar-tnin.ail Ii‘e;_ibats {LTRs) of |
céﬁain tetwvirusas.. Hapadraviruses hbwave_s'r do not contain sequences
' .which are functionally identicaito the LTR# of retra#iiusas."!’he ratruvimsqé
with the hiqhést dagreé_ of honio'log'\'r'ﬁara fnu.nd’_ to t:a it_it__a t'}qe (..‘.'.mu:rih“a o
iaﬁk&émfa!’shréama]vi.fuaes énd h&rﬁaﬁ and simian retrovirus ltke slements

- Albld).

| tha core gewe “This gena ig highly conserved amongst the hepadnavirus

strslns. Fu'tharmars. it demonstrates homalogv w:th tha P~30 oag pwtein

of the tvp_a-,.c _murina l&ukaamiafsarcom viruses, The proteins ansadad by

the hepadnevirus € gene and the retrovirus gag genes are functionally
similar, The homology betwaen a 98 a_minb acid s“aquarics of tha aa_rbuxyi E
torminalg of-th& core and P-30 gag hrateins is 'appraximata!v 41%. This = -

“reglon of homniogv containg basic amino acids suggasting that these sreas .

of the proteing rnav be involved in nuclarr.: agid binding (fbfd)

| A thitd area of homologv batmen tha hapadnav!rus ganas and retrovirus

genes is In the predicted aminu acid sequences of the pnlvmerasa (P) gena

of hepatdnaviruses and tha po/ gene of zatrovirusas. Thera s an

approximataly 40% degrse of homology in & 94 amino acid sequenceinthe

175
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N mid_réginn of these genes {ibid).

The areas of afgnif'cant sequence as welt a8 functional holeu’gv’ batwaen

| hepadnawrussaand retraviruses suggastsaaemmm anceatratm igm (Miller -

~ and Robifsan, 1986; Robinson e ‘1867; Miller ot ai, 1939)

it has iong baan knawn that tha ganat!c code s daganarate in that a

nurrbar of diffemnt triplet cndnns nan rmda for a single amino acid, This. '

- was revealad by work d_ana in the early 1_860; _which -d_atarmined tha

codons which Gorrespond to particular amino acids (Nirenberg and
: Matthaei 1981; Nirahba’rg and Ladar, 1964; Nishimura at af, 1986; Cfick
1966). ‘l‘ha variation oceurs in the third base posltion m‘ cndnns and up to

four different hases mav accur in thfs positlon for a partlcufar amino acid.

"It hag bean found that certain qrganism- appsar 10 have different éﬁdan

preferences and the coddn usage _is not random {lkemura and Ozéki, 1982;

Grosjean and Fiers, 1682). That Is, the bases which oceur in the third

pasition of a codon have _prapondérancss dapendfn'g_on the source of the

- gena. For gxample, C and G occur mare fraquanily in the third positlon'af

e \

L



.n

& codan of a &ukaryotlc gaene than do A and u. In aukaryntic virusas, the

) _convsrsa is trug (Wain-Hohsnn er al, 1931).
)

e
et

- This Enias; of spegific bases in the third position of codons has significance B
in attempting to d'e‘tarrﬁin'e_ the origins bf_’ge_nei;_ which are thought to have

arigsn through a recombinational event batWean' diffarent ar'ganisma.

| The core, poiymmase and surface genes of the hebadnavlm'sas have all

" bean found to an a third base prefarenca which is in kaaping with vlruses .

3 of aukaryotic cefis (Robinsnn et al, 1987) That is, tha bases found at the

" third position of codons of “»ase genes is more commonly A and U rat_her. .'

_than C and G. The codon usage of the x-gené:i;_diﬁerent; In this gena, G -
and C are preferred ﬁt the third position of the codon, The xugenu codon: |
praference ls unitke that of eukaryotic virusas.. and -is similar to tﬁa

' prefe:anca of sukaryotic. and phage and prokarvotic cell ganas. These data - |

ara sumrﬁariaed in Tabta 5.1 which has beon raprndumd frnm the )

pubiicatlan by Robinson et af (1 987),

This cn;:lnn preference is a particularly interesting finding In that
hepadnaviruses appear to be related to retroviruses, Retroviral ancoganes,

fike tha HBV X-gene, h'ave @ eukaryotic cell gene codon preference.

T
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Furthermors, r_atroviral bnchganes are 'Iacata‘i’-) in positions relative to the

other viral genes whk}h are sinii_lar ta the locét!an af the X-gene of

_hepadnavii‘usas {ﬁob_i_nson et al 1987), It has been shown that the retroviral

" oncogenes were derived from their sukaryotic hosts (Stehelin et 4/, 1978;
" Seolnick at éf, 1973}, That 'is. the oncoganes were 'in.cta'rported ‘nto the

T ratr’civirat genama through a r’énombinattanal avent during the svolution of

tha virus. The codon prefanca of the X—gana of HBV suggesta that the X-

gane has its urigins ina eukaryutic ganome and was also incarparatad into )

the hepadnawrus ganame at some stage dur!ng ita avulutlan.
) . [ .
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Euka&oﬁ# virus. 'Ph;age-ar_sd' prokafyatic cell | Hepadnavirus Genes®

genes®

_ Ml Third basa codon preference of viral and:aukﬁryotid genes expressed as & ratio of A+ 10 G+C. This table
is reproducad from the publicazion by Robinson et af {1 987}, The data had preﬁiousl‘g béan presented by {a) Wain-Hobson

i

et 5111981} &nd (b} Miller /s Jobinsan (1985 and is based on the analysis of 10 10 16 sequences for each of the ratios
 which is rapresented. | o - |
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i '!nitia!lv; the aim of the expariments was to demonstrate the pregsencaofa
| aukaryotic sefuance/s homolaqous tothe hepadnav.ms x-gane by Narfhern
~ and Southern blnt hyhﬂdlaation analys:s of RNA and DNA molatad fram a

murlne suurce

’ 'Mraafter, expanmantai approachas were used ln an attempt to isoiata

an X-like sequence: .
1 C'angntiohal' ba’at_eﬁpphéqe library acrtg__aﬁln'u using plaque lift |
~ followed by hybridisation to radiolabelled RNA and DNA probes.
2 A'PCH based appfoach uging primers .daslgn'ad 88 desctired in the |

~_ following section for the amplification of sequencas from mammalian

‘genamie and bacteriophage DNA.

The rationala behind the design of the PCR primers was based on the idea

that areas of X-gene sequehcu hémelqg_v amongst differant: gteaing of
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hepadnaviruses are the most likely to be conserved in the putative _'

mafnmal‘:an X-gena proganitér.-

_Basad. on a computar comparigon of X-gér‘w sequencesof 14 hapadna#ims |
;tralns. W0 sdnsé and two éniisanie aﬁmars were dosigned for
N a'mpiiﬂcatfﬁfg -of butéiiva xagana'hoﬁﬁlogues (W.S.-Rnhln#h.n,: ﬁer_scmal.
.communlcatiorif; A gcheﬁ;'aiic iehresantaﬁun of the orientation of the
primers on the X-gens Is represantsd in #i*gura 5.1. Refer ta the Ma.arials |
and Methods Saction 2.5.4 for det‘ails -concerhing' the sgguencas of thass_

primafs. )
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5, ) "\m{;\ . "-,g.-_} é_t_.i'_ . -l:m" 3, )
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i“ ..................... xwgene me ,,} |

Ejnum_ﬁ.,:l_ A. Schsmatic representation of the Iocaﬂbn and orientation of
. the four X-gene primers usad for the athplificetion of homologous -
saquancaes. The primers are representsd by the arrows which are pointing
to their 3’ ends. Tha linker sequencas and the terminal radundaacies of tha
primers &re indicated at the §° ends by the short line whtch is not paralls!
to the X-gena,

- B, Ethidium bromide stsined 0.8% agarose gel confirming tha sizes of the.
fragmants amplified using the prirners indicsted In A from known template,
The primer combinations were 3 and 4 {lane B1); 3 and 2 {lane B2); 1 and:
2 {lane B3} and 1 and 4 ‘(lane B4} The sizes of the DNA fragments
generated are 211bp {lane B1); 183 bp {lane B2): 388 bp (lane B3) and
416 bp (lane BA).
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 Three methods of probe labelling wers attampted. It was importar’ that the

* probe be efficiently labelledt 41 order thot a mammalian DNA fragmant with-

it-gene humo!og? e i*der.*ifiad P ifam-—‘m axpanmgnts showad that there
\)
was pnm cummammamw bntw’ - F\ .,:erivdd X-gene fragment gnd

W

~ the putativa mammltm bame! u;, »éhieh wa.s being investiated, This is

based on hybridisation axp.lirenis which ¢amonstrated that low

stringsnoy hyhridis&tieﬁ wﬁs rgquired in order to detect mammalian
seﬁuencai;. ?ﬁlé i8 discussed ater. A p'robn was thérafora naadad which
Qm'uld' nfﬂcianﬂy hybridise to tha mammallan sequence, and yet not

produce 2n axcess of non-specific hybridisation. Spurious bindag of the

. labelled probe would confuse any attempt at igsntification and iwiaﬂén of

the mammalian hamolagus of the HBV X-gene fragment,

lnitialiv. tha labelting method used was 4 atandard multiprime iabal{lng_
technique {Fainberg and Vogaistaln, 1984}, The reaction appeared t© be
carried out officiently in that the incorparatlon ﬂf_ “P—dC‘!‘P into the probs

was approximately 40% of the total radioactivity addad to the reaction
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rﬁixtur'e* Hnwé_{;;r, whan ihi's probe was used for hybr-idis_atiuh 1o Northern
' blots prepared uéiﬁg RMA extracted from various mouse tiséues. aﬁsﬁiutely | | i

no hybridisaﬁbn signat was detected. This was despite very iow stringency
- of hybridisation and washing. Hybridisétian was bar;‘ied oui ar37°Cina
- solution containing 40% farmamudeanﬁ the post hybridisation wash was
2 15 minute incubatmn nf the btot at room temperature in &8 6x8SC

| solution, |

As a. fifsf a_tts}ript to improva the éfficiency of prob_a Iabeliihg, a technique
'using PCR was ué'ad._. This 'rr.;e_thod involved & aténdard_ PCR amplgication
reastion whera 32-4CTP was included as one of the .pra_cufs'crs. This
mét_had generated & highly radipactive probe. Thé. BNA produced after the

amplification was of the carrect size as assessed by electrophoresis (Figure

The Pcﬁ jabelled X-gene DNA fragment conta’lhed almost the a'ntire tength
of the X-gene {386bp} {see Figure 5. Etand- should th‘erafor‘é hava 8 higher
' Tm thun the multsprima labeliad prnbe. Tha muttaprime iaballmg procedure

makes use uf randomiy generated hexanucleot:d-as which hybridisa
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Elnu!:a..ﬁ;a A. Ethidium hromide stained X-gene DNA{prepared using

primers 1 and 4 {416 bp: {see Figurs 5.1} after separation on a 1.2%
8Qarose gel. MP-dCTP was incorporated during amplification of the DNA
which is depicted In lane A1, The amount of DNA loaded In sach lane was -

spproximately 100 ng, arxd rapresentad ona tenth of tha PCR lebelling
ragetion mixture,

B. Autoradiograph {8 minuta exposum) of tﬂa samg nei raprasentad in A, -
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- &t a number of sites to tha target probe DNA. Thess are them oxtended to -
form longer micg&t&d oligonuclauﬂdas which - are col!actxva!v
: complamantary 10 the entire probe sequance Tha iabaliad fragments
hnwaver do not have cnmplamentarv s.mquences aver tha antiraty of the

tamp!ata DNA.

. Tha Tm of & hybrid formed batw‘ean two DNA molecules can be estimatsd
“#rom the following equation (Bolton and McCarthy, 1962):

- Tm = §1.5°C - 18.6llogy,INe"]) + 0.41{%G+C} - 0.83{%formamide) -

(800 - | o

where | is the langth of the hybrld in base pairs.
 The proba labelled using PCR 'm@nger than the multiptime labeliad probes

and tharafore, the Tm would be hluhar The average size of the multiprima

probe franmama ia not fixed, and is an Inverss function of tha '_

cancantratlan of tha ptimers (Hagdaon and Fisk, 198?3. ‘!‘yplcaliv._ o

muttiprime probe fragmants are up to 50% of tha 1ength of the langth of
tha template {Thomas, 1980; Mainkoth and Wahl, 1984). Therefors, uﬁdar
similar conditions of hybridisation, the Tm of the PCR abetled X-gene prohe

186



e

is approx:ma’taiv 1 5°C hlgher than the mu.tipﬂme Iabe!led X-gena probe

 {800/198 - 6001396)

. The numhar of ccmplemematy hases batween the x-gene prnba and target

mammahan DNA is not known, It is therafore not possible to calt:ulata the

Tm af the probe hybridisinh to the targat mammalian x~gane homaiogue

usmg this aqudtton o

Tha PCR isbellad probe appeared to be more efficient than that labelled by

the multiprime mathod. This was assessed by the amount of 32P-4CTP

* which was insorporstad into the laballed product {s6e Table 5.2). This

probs was able to produce & signal when hybridised to Northern blcts
preparad from mouse tissue RNA. The au:orsdiagraph produced is'dapicted
_iri Figure 5.3, and the details of the hybridisation -cdnditions and the

| washmg are indtcated In tha legsnd. The positwe signal is indzcated by the

. arrcw. Althnugh at iow strmgancv, the result was pmduced sfter 8 more

s_trmgant washing prutocni .than that using the m_uitipuma tebaliad probs

* which produced no signal,
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!.abesing Mathod

Prubetyp:

| Mtﬁﬂprhne

SFG RNA Polymerase

Full hl'!gth mgln ttrandad RNA

§ Approximete % incorporation of

| Bp-dCTF precucsor into probe.

40%

DMA fragments
sg%" :

0%

- Compacison of Trn hybrids

' lnmtTm.ShﬂrtWMA'

stronds generated by the

- m&mqﬁmﬂmmm

hexanucietides

Highar Trx than multiprime probe -
fonger probe DNA strands (436
bp} inchuding most of the X-gena
BHGLONCS. :

 Highsst T - aimast fuitlength  §

HEV X-gene single strended ANA |

{& 400 bases} ussd asthe

probe.

| Stable

: _'sm

Subject to RNese dsmm:'i'm

m&z Comparison of the three methods of Xgena probe labelling which vvere used far anaiys:s of the putatwa
mammalian homologue of the X-gezne - soe text {Section 5.2.1) for d:scussian.
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. Whé’n_the Pch \abeiled pmﬁa was vesd for h‘fhridl#atian to 's'dutﬁafn Glots,
thare was s vsrw} féint-!y' visible band on the autoradiograph. DNA of both
human and mﬁu'se tissue urigin gave this signal. The iﬁwya-praduced‘ Waé
- however of such faint intensity, and nat aasily distlnguishable from the

backgrnund that photographtc raprnducﬂon was not pﬁss!h!u

*‘rhé third method of probe Iabal!!ng was SP6. palymefase in v.féro
transcription. The x-gana ftagmant was o!aned into the po!ylinker sita of
" the SPB4 plasmid - that is Immedistely ﬂownatream from the SP8 |
pnlvma_rase promoter.

The protocols ussd for this cloning 6xpar!mant*h'ava bsan ﬂescribad in

Section 2.4.3 oftha Mathods Section. The x~gana fragment was ampllﬂed N

' using PCR with pnmars complemantary e asquences towards the 5 and
| 3’ ands--of the x-gene. The primers were dasignad 40 thay thav contained

recognition sites for tha restriction andonucleases BsmH! and Xbal at thair
‘B ands The llnkar sitas togather with the tarminal redundancies ware thus

- incorpomted at the ends of tha.x-gene d_urlng the ampliﬂcatlcn.
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Elgure 8.3 WNortharn blot analysis of RNA extracted from varlous murlne
tisgues. Total cellular RNA was dxtracted from the indicated organs then
subjected to Northarn blotting anll hybridisation with the PCR iabetled X-
gene probe, Hybridisation was cartled aut in @ solution containing 40%
formamide st 42°C, The post hybridisation washes were: two of 15
minutes each at room temparature in BxSSC; followed by two of 15
rainutes sach at room temperature in 2xSSC and 0.1% SDS; and finally
two wasghes of 15 minutes each &t 42°C in 0.2xSSC and 0.1% SDS.
- independent but similar hybridigation of two blots Is represented in this
- photograph, The armws indlcate the poaltlans of tha putaﬁve positively
: hvbridiaing RNA band. -

g
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The X-gene wag Iigatad at the paiylinker site of tha SP64 plasmid after
digestion of both the plasmid and amplified X-gena DNA fragments with
' BamHI and Xbal. Transfectioh_ of HB101 Ecolf bacteria with the

recombiﬁani srea pl'ésmid #anfa_rrad ampicillin resistance.

Atter Isolation of & number of bactarial colonies which displayed ampicillin
a_'a!sistsncé,. plasmids:wbm prepared {as described in smﬁon_:z.ri._s.m and
| N subjected 0 rastriction enzyma mapplng and Su’uthar_n blat thﬁdisaition' .

with a multiprime lebelled X-gene fragment.

Not all of the bacterial colonies which displayed ampicillin resistance were
found to hava the recombinant SPE4 X-gene fragments. This represented

“about 50% of the colonles which grew on the ampieillin gontaining piatas.

A -t'ypiﬁéi;- exampla-_'of a restriction :mapping and '_Soﬁthsm blot expariment
parformed in order to confirm the indarpuration of tha X-gena into the $P64
plasmid Is dapic.t'_sd'_in Figure 8.4, _Thﬁ a_gatoaa gels ware daliberately
overloaded with DNA in order that the smalt {396 bp) X~§ana fragmant
releasad by RamHi and Xbal digestion hé visible after ethidium bromida.

| stair.ing of the gel _lthure 5.4, pane! A, lana 2).
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Figure 8.4 Restriction endonuciezse mapping snd Southsrn blot -
hybridisation analysis of recoinbinant P84 X-gene plasmid,

A, Ethidium bromids stained 1.2% agarose gel of plasmid DNA which was
undigested {lanes A1 and A4}, digested with famHi and Xbal (lunes A2 and
AB), and FcoRl slone {lanes A3 and AB). Lanes Al fo A3 represént an

- gxampia of a successful plasmid ligation, and lanes A4 to AG glva an

- gxampla of an unsuccessiul recambination,
B. Autoradiograph of the gels Indicated in A aftor Southern blnt .
hybridisation to a multiprime lsbelied X-gens fragment. The posltive
“hybridisation gignal in panael B resulfted from the succesasful incorporation
of the 396 bp X-gene fragment {gmailer band in lana 2 indicated by the
arrow) into the BamHi/Xbal digestion site of the SP64 poiylinker. The
sutoradiography data shown in panet B lanes 4 to & shows no hybridisation
~ signal and was obtained after simiks Southern blat anslysis of the §P6d.

plasmid where x-gena ingorporation was unsuccassfui. .

o



S X-gene T ’
P8 \ T | Sy
W I _! s

/ Econr"""\ |

[ HBV X-gene \ } |

\ 8P64 plasmid /; -
N

®

Elgumj.ﬁ Diagrammatic reprammation af the HBV x~gami recombinant

- plasmid constructed a8 described in 2.4.3 of the Materials and Methods

Sectlon. The X-gene fragmant is reprasentad by the grea between the Xbal
and Bamtl sites of digestion. The approxi. .ate lacations of the SP6 RNA
polymaerase promoter and the ampicillin resistance gene {amp R) are also
indicatad. The diagram is not drawn 1o scale as the langth of tha X-gans
fragment. is 396 bp and the SP64 ptasmid DNA comprises approximately

3000 bp.
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n_iﬁas'tion with EcoRl has the sffsct df_linaari'siﬁg ths plasmid as there is
H only one site foréigestibn by this restriction e_ndoﬂuclgass.' i is located
- downstream of the site of the X-gene cloning - that ls,-raiati_w in tha SPE
po’lymaraéa promoter. The restriction map of tha recombinant plasmid i#
_dépiét_ad in Figure .5.5, _The_ a‘ﬁen_taﬂon of the r&;iatio_n _anzy;ﬁa sites and
the primars used tn.ampii'f\y the x-gania_'nw& resulted in antljse_ns'e. RNA |

transcript baing produced by SPG polymerase. '

R '-:_'!m Ecaﬁ_!digaatedfacombinant SPE4 plasmid-w;?zs um@ as tomplats fcr
 the labelling pmfoco}. An gxempls of the '_alactgppharetit; éépé:ét’lﬁh of the
| purifiad Iinea'rls_ad- plasmid template I-ia givan in Figure 5.6‘ Th_a method of

| purification was by adsorption to.glass powder, and the protocol is outlined |
in thé’Method‘s aactioﬁ 2.2.6.3, | | |

The inagrporation of radioactivity aftar_ probe 'Iaballlng-'was cohsistantly |

spproximately 80% (sea Table 5.2). An axampls of the RNA producsd after

In vitro transcription is depicted in Figure 5.7.
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Flgure 5.6 Ethidium bmmida stained 0.8% aaamaa gel dapncting nuriﬂed .
linearised SP84 plasmid. After digestion of the piasmid with EcoRt it was
purifled using glass powder adsorption and then 8ublectsd fto
slectrophoresis in order to confirm the purity. Resolution of the molacular
weight markers is dapicted in lane 1 and the puified Iinaaﬂsed p{aamid n
- lane 2, _Tha gize af the linesr plasm!d is 3 401 bp.
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Einu:.e.m 5% pulyacrytamide gel alactropharatic sepuration of RNA

synthesised /n vitro using the recombinant SP84 X-gene plasmid as

tempiats and SPE RNA polymarase for transcription. Panel A is an ethidium
bromide stained gel of RNA extracted after /n vitro transcription, The

~ ternplate SPB4 DNA. and the RNA which is produced are indicated. The size

of the RNA s approximatisy 400 hases. The autoradiograph ohtained aftar
a 20 minute exposure of this get 1s daplotad in panel B.
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Therae are several distinct advantages which this method of probe labelling
has over the other two methods used. Firﬁtlv, the pioba is single ma_ndéd‘
- and iherafara dnas not hybridiga to itseif whan im:ﬁbatad ina hvhridlsatlnn
solutlan. Dnrmg DNA tahallmg by tha symmetric PCR techniqua, a larga
| ameunt of duuble ﬂrandad DNA waspmduced {sae Finura 5 2A) Whena

hagh concentration of cumpiamantary strands uf DNA is usad in & solution _

“for blot hvbr:disat:an, it is likelv that manv of the stra'ads hybridlsa to |

themsalvas

‘I"h_e #acdnd vary impartant advantaga of the use of the SPE polymerasa

labslled probe is that the me&tng temparature of a 'ﬁm{b’m hybrid is,
.higher thign is a DNA:DNA hvbréd af the same length, The Tm ﬁf a8 hfbﬂé[

. formed batwaen DNA and RNA can ba caiuulated accarding 10 the aquation .
| darivmd by Casev and Davidsor (19771 |

Tm = 79, 8°C + 18. SﬂunmlNa"}l + 0.5&%64-& + 11.8(%6-}-6)3

0. 50{%formarnidel 1820!9

'compariaon of this squation with that for the caf;:ulatio'n of a BNA:I?(H'A N
hyhrid {given praviaualy} shows thst tha Tmota RNA.BNA hybrid I hiqt'er

f
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than that of & {)NA:DNA hybrid, For example, :ﬁa balcuiated 'i"m of 5 hybrid
formad batwesn 400 bp DNA molecules comprizing 50% G+C In & 40%
‘formamida and 1M Na* solution is 79.9°C. That of 8 RNA:DNA hybridis
80, 8"(2 abﬁrokimateiv 1°C higharthan tha DNA:DNA Mbrid  Afthoughithe
" number of campiamentaty bases betwsen the X—gena probe and the
: _' putative mammallan hnmolanua iz not known, the RNA probe wnuld
) nev_arthatess hava_ a _a!igh_tiy htghar melting tamparature than th_a other
| hwbéé used - pat'"tk:ﬁiaﬂy important property for these experiments. By |

: _ _affsctivalv incraasing tha mett!ng temparature of the hvbriﬂ. the strlngenay
.nf hybridisaﬂnn could be increasad :
A disadvantaga of the use of RNA as 2 probe is that it is suaceptibln ta
' degradatson by ubiquitous ﬁNases. Careful attsntion 10 fha ellminatian of

Rléhsa contamlnathn did howsver relishly produce !ntact probas.

A comparison of tha_thr'oa mathods of probe labeling which have boeen
 described Is given in Teble 5.2.
. . \“\ . . .
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Northern blot analysis of RNA Isolsted from human hepatocellular

carclnoﬁm tissue is depicted in Figure 5.8 The ﬁatieﬁts invss_tigateﬂ both

H_-.zhad aardloglcal_avlﬂanca of il_ifacﬁon_\ .witﬁ HBV. ‘Thare are two bands
- detectable on the Northern blot, and they represent the characteristic 3.5 |
kb and 2.1 kb trans'crip.ts of HBV (Figure 1 3]-' T-hav boih have HNA.

' sequences camplementary to the x-gena The sequancas are detectabla in |

both the tumour and tumour adjacant normal nvar t:ssue. Thess tranacﬂpts

| have hoth been describsd In the Introduction Section 1.5.2.1.

Figure 5.3 shows ihat v}hen using the PCR !aﬁalied- pmb&,‘ & saquence is’ |
. detactable in mnuse RNA which appears to have cnmplamentarlty to the.
- x-nana. Th& transcrlpt was larga, and this Is raﬂsctad b\e its slower ©
' eiemrophoratlc ﬁwbluty than 285 ribogomal RNA. The mice used for thaae
| gxparimants wera dlseaaa frae. and furthermure, HBV is not knawn to ba

able to Infact ice (Blum at al, 1889).

#
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 Flgire .8 Northern blot hybridisation of total cellular RNA isolated from
hepatocaliuler carcinoma {fanes 1 and 3) and adjscent normal tigsue {lanes
2 and 4) from two different pationts with HMBV related liver malignancy.
Probing with & multiprime radiviabelied HBV X.gene DNA probe revealed

3.5 kb and 2.1 kb bands. Lanes § and 6 rapresent the result after probing -
total celiular RNA which was derived from normat liver tigsua of donor
patienta who hat no svidence of liver disease. See methods section 2.2.1
for the detsils concerning the preparation of the tissus specimens,

o
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After-a very low stringency wash of 6xSSC at rbom temperhture, the noﬁ- '
spacific binding of the proba to 188 and 285 RNA was vn'ry high. Thase
hands diséppaared when using the conditions described in the legend to

- Figure 5.3.

 The X-.gens hanﬁipg’oﬂs trénscrlpt ia.hown in Figure 5.3 was detectable in |
~ heart and thyms*; tisaus isolated from tb# mice studied. This wes howaver

- not gonsistent. 'F.ﬂr axample, it is avidant from Figure 5.3 that of the four
mé uSed the transecript was datectabla in the thymus of rribuae 1, the

: | haart of mouse 2 and in both tlssuas af the third mouse, This was despite
: tha ioading of simﬂar amounts of RNA onto the gels usad for the Ncrthem .

bao_t analyais.’

This Northarn blot data was corroborated when uging the SP8 RNA -
polymarase protocol for the lsbelling of the X-gane probe-an similar blots.

Southern blot analvsi's perfortﬁed on DNA lsﬁlat'ad from -i_ﬁnus;n and humsn
- sources using a PCR labelisd probe showed axtrémaly mw- lavels of |
hfbrldisation. A singla band was barely diswrnlble am:i could not ba

photngraphicalty repmdmed -

;-,\ .
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* Tha stronger signal detacted by Morthern biot hybridisation was thought to
reiate to tha maitirig ternperature of RNA:BNA hybrids being highar than
' that of BNA DNA hiybrids. The empirically denved aquatians for the

calculation of the melting temnaratures of thasa two hybrids has alreadv_

heen dlscussed

-~ Initially, the PCR labelling protocal and thereafter the SP8 polymerase

~ techniques v ivera usaﬁ for the prabe labelling. The problems of non-specific R

hybridisation whan scr&aning likraries are notorious and this proved to be '_

particularly problamatic in these exparimants ln ardar to axcluds the non?_
apamfic d'etectton of plaques, duplicate filters were praparad from each of
the platas, While thig Ig thé generelly acceptad protdcol_ {Sambrook a_tiﬁl,
o 1989),. it proved to ba extremely dii"ﬁcult iﬁ that the deiactéd signalg ware
- gxtramely varlable s a r. sutt of the apparant lat:k nf complementarity to

the HBV X-gena proha

" The bacteriophaga vector used in the lbrary construction (Clontech) was

Agt10. This was chosen in preference to a Agt11 lirary bacause underthe

canditions of phage _aultm‘ the number of Agt1 o plaques Which contaln

202
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inserts is congiderably higher than pistes which ere prepared using Agt1 1.
Thaingert baar_ingalgﬂﬁbacteriophages are genatically selected (Sambmnk

’ of al, 1380} by thelr lytic rather than lysogenic growth on bacterial lawns.

Agtt ﬁactaﬁnphage libraries have the 'adva.nta'ge of éxpresa!ng the clonsd
“inssrt DNA if In frame with the facZ gene. Antibody screaning is therefare
' mssibl_;, Antibodies to the HB:E" ";;;utain wera not availéh!& for tha sc.raa’niﬁg
_df -ﬂhr&fi&s. | | N |

_' _Aﬁ }axémpla of some positively hybr?{jising Agt10 plaquas is given in Figur§ '.
8.9, On this particular 'pl'ata thraa_pnsltiva plaq_ues ara demonstrated, and
Ifthl;s was aftar # s&cundan'r' scr;se_n'i'hg of ba‘t;téﬁophagu particles Isalated.
from @ i:uiativa 'poslttvalf hybridising plaque identified on the primary

goresn,
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Figure 5.8 An example of an autoradiograph depicting putatively positively
hybr;giaiwactariuphage plagques &t varipus stages of washing of the blots
- durin

polymeragse generated RNA probe to a 'lift" made from a primary scri n
Autoradiography exposura time wag for 48 hours. Plate A dapictaiihe
autoradiograph after low stringency and that in piate B was after higher

stringancy washing. Washing of the blot depicted in A was twice for 158

minutes in a solution of BxSSC at room tempersaturs, Tha blot in B was

furthar washed as follows: twice for 15 minutes at room temperature in.
2x85C, 0.1% SDS, and once for 20 minutes in a solutfon of D.2xSSC,

0.1% SDS at 42°C.

204

{lbrary scraening. The positive plaques sre indicated by the arrows.
This autoradiograph wes obtained after hybridisation with the 5P&
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E _Thé three methods usyd for thé id':;alatinn of hﬂctéri’nphage DNA have ha’en |
detsiled in Section 2.5.2 of the *aethnds Chaptar. Thay wara twa ilqu!d-

. lysata protecals. 0ne using a CsCl gradlent punﬁaatton ﬁtap and & third

o method involving a piate lysis technique,

Figure 5.10 shows an example of DNA digestad with EcoR after isclation
using the plate 'lvs}is_ technigue, T-fm remarkable feature, demonstrated here,
wag that the -inse‘rt. DNA ::aul& ndt be identlﬁad- reproducibiy - that is
| deSpita tha theoretical presunce of insarts in the bactariophaga partlt.lea
_ salected for. their lvtic growth {ses Section 5.2.3). The inserts were

undetectable ln these galsda_spate nvaﬂoading. with digastsd'lnNA. '

'It;has_ba'an reported that comrmf.ctal agai contains inhibitars of irestrlc'tk_m
anzymes {Sambrook ét &f, 1989), and tis therafore not recommended for
usa in tha' plate lysis -mathod- of bacteriophage DNA préparatian. I these |
axperlmants, agatose of d‘sctrophoratic grade Instead of agar was uasd far
the preparation of culture p!ates. The andunuclaasa inhlhitom presant in :

agar aré not present n
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Figurs 5,10 Ethidi.m bromids stainaed 0.8% agsaross ge! of DNA isolated

using the plate lysia method of bactariophage DNA purification. The DNA
was subjectad to EcoRi digastion prior to slsttraphoresis in ardur to rolenge
the insert catried by aach of tha clones. The malocular welight markars
~ wers saparated inlana 1 and the digested bactseriopings DNA laolated from
fiva individusi clonas is shawn in Isnes 2 to 6. On this gel, the long (L) and
short {S) arms of bacteriophage Agt10 can be sasily resolved, but no inssrts

can be xoun, The long arm is spproxinetely 32.5 kb and tha short nrm 8

Kk ‘ﬂ 3*&9
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good quality agarose ismbroak ot af, 1989). Evidence that inhibitors of

rastﬂctiariﬁﬂanzym dige'stion wara not praesent in the hactsriéphage BNA :

praparatlona is that the iang and ahart arms of bactsrwphaga Agﬂc are

"vmbla after dagastmn {Figure 5. w;

J

aacteﬂcphaga DNA prepared using the ﬂquid lvsate pmtucoi fuﬂuwad bv

CsCl gradiant centrifugatlon wes repradmibly the best method of

praparation. Unlike the mgthods using plate and liquid lysis witlwut CsCl
yradisnt puriﬂcatian, the inserts were rsadily dentified by agsrosa gal _
| slsctrophorasis after dirfsstlon. This is shawn ln ﬁmum 811,

{{

\,ﬁ

The reasons for‘this are not obvicus. Possibilities include: 1) The purar

3 hactarlophaﬁa DNA aliowed easier detection of the -irisér’t DNA after
testriction endonuclesse digastion. That is, cantaminatlng bacterisl

chromosuma/v}DNA was not prasant to ubscura visualisation of the amall -_

- amount of i iaart DNA, 2} lnhlbltora of restriction anzymes sre affactiva!y

- re_moqu after the CsCl gradient centrifugation,

207 ‘



ira

<3

' Figure 5,11 Ethidium bromide . ained 0,8% agarose gel of DNA isolatad
- using & liquid lysis bacterlophage preparation method followed by CsCl
discontinunus gradiant centrifugation. Lene 1 reprasents the separation of

 tha molacular weight me ers. Lanes 2 and 3 represent bacteriophage DNA
- from individual plaquas which had been digested with EcoRi and then

&

sutjecred to electrophoresis separation. Tha numerous inserts which can |

“ba detacted in'these two lanes (approximately 2100 bp) probably reflagt

* the picking of more than one plaque from the densely plated libraries,
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Southam hlot analysia of bactermphaqe DNA digestad w&h rastrir'tinn' o
enzymas pruduqad irreproducibie ra&u}ts It was usually the casa that DNA

’f"praparad from a posttivsly hvbridfslng plaqua did not produce & signal on -
Southern biot analvsis Algo, when Southern blot hvbt’idisaiian of tha

plaque DNA was positwa, o insert IDNA waa datactabia

 intgally, thase result& were obtained when DNA was .anaiyaad' a‘fta_f
. jsolation from plate lysis preparations. It was thought that the reason was |

that thi# hactarinphaga DN-A brep’araﬁbn teﬁhnidua did not vield sufficlent .,
- DNA of good purity. |

_ When prepared by the CsCl gradiant method how_ava;r,. 'ahcl when an 'Inéan.'
was da;tact‘ed,_ the .fragmant did not hybridiae to the HBV X-gene prqbe._ _
This was daspite numarous att;ﬁmpt# to 'pr;par'e larg_a' -quan_titlias of A-gtw
DNA Which was sub]ectad ia electraphnmi# with or-w!thouf Southern
h!otling Thess dats suggested that fa!sa!y posmve hybﬂdislng plaquas '

were isnlated from the plates durlng lihmrv soraening.
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‘t‘his_ lack of ;eprnduelbiliw_strongl? sbggasted that the hybridisa_tiop signal
being detected was non-specific - an inherant problem with low stringency

hyhridigation protocols such as were _-baing usad here.

* In &l approximately 100 putativaly positive plaques were ansiysed In this
~ way. In no cass was it possible to isolate a definitely -pns:ti\ia’ly hybridising
plague which also yielded a hybridising insert of the same size when

- subjected to Southern blot bybridisation.

~ As an alternative to the Agt10 library scraening, a PCR based app! »wch
| aimad at amplitying an X-gens homologua waa used. Four different prlrimrs_
.w'e_re_ consiructe& {2 sense and 2 gntisanse} which were located at
pogitions on i:hq HBY 5{-gana_which-€vem found to have a high degrse'o'f
| ho_molugy qmongst the aubtvpa# ﬁf the hap_adnavl’ridﬁa {see _6arlie_r _ |
discussion). Tha rationale bahind the cholce of these #ﬁ_quenc'qs;_ *vas that
if thév Were 'banaervsd amongst the d.lfferant speélss, ihen the prhuabllitv.
.of baing consarved in tha ‘putative marmalian humoinguu was greatar If

the X-gene's functmn had heen pmar\rnd (aw aariler discussion!.
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A number of -diffart;nt mndif_it_:ations' Qf' the amplification protacol were

-uséd The témpérst'ums of anneélingduringlampliﬁgation were varied - thav :

- ranged from 40“(: 1 50°c '!’his was to accmmt for passlhia lack of

.mmplementamy between the pnmam and tampiate DNA which were bamg
ussd ta diract the ampliﬂcatiun atep.

- The template DNA used was :solatad from putanve pasitiva!y hybr:dising .

- piaquaz from tha_ ¢DNA library screening (see 5.2.4 and 5.2.5) a3 well as

genomic hiuman gnd murine BNA., .

After amp!iﬂcatlon. the products of PCH were analysed by agarose gel |
.-&laetmphorasis. AII bands claarly datectable were used for sequencing '
_ Thua fragments were clnnaﬂ into the palylinker sitan of M‘iams‘la and
M13ms18g .filamentaus haﬂterlophane;s. “These two vectors have thalr - |

pﬁl_vlinkars’ in opposite orientations and thus allow saqugnéing from both N |
ends of the same insert. The rucombinant becteriophage pla_q’uea ware
selected by their colourless sppearance whan grown on X-gst and‘.'iPTG "
cumlai.nin'g platos {see Method# Sectlon 2.6.1.3) )em m'mm uf_ single
stranded M13 DNA '.pfépara;d for ssquencing is déplcted in Figure 5.12. An
.exampla of a sequencing gel {using tﬁa dideoxy chain 'términation mathod

of Sanger ef &/, 1973} is depicted in Figure 5.13,
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After sequancif;g of a'ﬁprméirrately 20 clones, the orilv areas of sfigniii-':-ant |
hamnlngy hatwaan tha ampliﬂed fragments and the X-gane saquancas ware
: tha primer saquencas {Flgura ’5.‘!4} Thig was determinad ysing the DNA.
_Starm saft_wara package and the criteria for signlﬁ_qance i_ndicatad in_ the .
Methods and Materisls Section « '~.2: The width of the residuss of the unit
 of comparison {window _aize} was 30, The setting for the number of

g 'adjat:ent residues of the window that should match was a8 low as 30%

. using all register shifts. The minimum quatity « tha minimum number of

. \

mns_ecnﬂva qualifylng window nmnlogv to be racorded - was one. ln -
all cases, the raverse ‘complalmant of the aaquancas ware also compared.
The Quality valup {Q-valuel, galeulatad by DNA Star™ using a -numt_:e;bf:}
parameters to detarmine where hemology was significant, indicated that

there was only hornology In the primer sequences.

_ ‘r‘ha mast common artefact of tha PCR ampliﬂnatlan protocol was that of
so calied forimar dimer’ products of P(:H. n thls twpe of amplified DNA
sequence, it was found that the DNA comprised one or mra- tquem
repeats of primer sequences soretimes including t)thar.'nnn-*humm;gaus |

DNA. An -nxamp!ﬁ of this tvpe of anafact‘i# given in Figurs 5.14. Here, it
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is also éhjawn that comparison of a _aa_quancad“a;mpiiﬁed pmduéi: with the

primers and conssnsus X-gene sequance rovaals hamology only in the

primer sequsnces.
(

o/
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23130,
. B 557-
2 322-§
2027°

ﬂm,_lz Ethidiurn bromide stﬁinéd 0' 8% agsrose Qei of s?hgla sfran:tie& |
recombinant M13mp18 and M13mp19 DNA, Molacular weight marker DNA

is shown in lane 1, and examplas of different single stranded M13 DNA

clones (Maatad—-bv—th&-a#m} which were sequancad is ahnwn in lanes
2105,
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Figure §.13 Example of an autoradiograph from a nucleotide sequancing

gel using tha dideoxy chain termination mathod. Dupicted hera is the data

~ which was darived from ssquencing a recambinant M13 vector containing

- & fragment amplified using the X-gane primers indicated in the text and in
Figure 5.1, : '
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CON 1518 mmmmmmmmm 1565

. HOM

2&4

254

Floura 5.14 Comparison of an amplitied sequence derived from recombinant bacteriophage template DNA from a putative

positive plague. The primers used wars 2 and 4 {see Materials and Methods Section 2,5.4). The numbered HBV X-gens

consensus and primer sequences are ndicated by ‘CON’, and the amplified sequence in this case by '2&4'. The araeas

- of sequence homclogy are indicated as "HOM’. The primer sequances are indicated in bald print. Jt can be seen that -
primer sequence 2, including the BamHi restriction site, ocours at sequence 35 to 48 of 2&4. The complement to primer

4 occurs at sequencea 65 to B9 of 284. Approximately 250 bp werg saquencad frum this ckme, and the anly areas of

G ACQCCCATCAGRATCCTICCCANGS T

25 GG&TCWMWTAWMTTG 75

e st v s e vty

l ' -

i?‘w‘fl MAWAWMWWW 1813
T 7 GG TTG T AAATEGRTCIACACACCAGC :
47 WGGGM‘I‘AW’I{" mmmm 89

l‘ l _Ji

homology are indicated in this d:agram.
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A number of different pmhe iabélling précedure's was uséd in an attempt

to identify a sequance with putative homology to the HBV X-gene. It was

~possible to detect a band on Northern biot analysis of mouss heart and -
- | (-

" thymus RNA. The fow stringency conditions of hybridisation which were

- tetuired to produce a _siénal suggestanincreased ;;rohabi!ity ut homspeciﬁc
. h\{h_ridisatiﬂn giifiﬂ_g 3 sp_ur#aus signal. The ow intansity of e Southars
b!ét hybridisation #ignal also supported this. _Exténsivs cDNA"' Hibracy
screaniﬁg and ra-scraaﬁing with. highly séri'sit_ive X~gede prohes, fogafhar
'. with 2 PCR based appr&ach, failad 0 yield a mammalisn DNA séauance

* with homalogy o the HBV X-gane, Pbsitiva plaguss found q:_i'primary

-scraeriihg may have resulted from non-specific binding af-the’_ proba__. They

‘were not enrick: K after sacondary and tertiary plating and hybrictisation.

Possibla _mbdiﬁcatiﬁné 10 the prutocafg uséd hare include 1) ._uss of an
'_ antib'ody .to screen 'an expression libraryfies const‘rui:t_ad "using _A'gt'!:‘l.
bactéficphagé vactor. The fatioriate hehind such an appraaéh wo&ld hé tﬁat
ifa saquenca Is not dati;ciablé usitjg -nucieié acid hybridisation, an spitape
of the protsin may weli be recognisad by an antibody o the X-gene. In
such an axperiment, it w’ouid also ba desirabie th;t the ahtibndy used for

the detection be.polyclonal rather than monoclonal. The chance of
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recognising different epito;ies pragent in the X-like protein wbuld he grouter

with a polycionsi amibsds?. 2} Use of dagenerate primer saquences in qrda_r -

to prebe DNA libraries. The p?incipla’ behind this method {Sambrook et #/,

- 1989) entails the canatrucfian of a number of oligomer probes which have

different sayuences based on the degenaracy of codons.

The important guestion belng asked in the _expefime_nts_'ﬁhiéh have boen

described in thi» section is: Does a mernmalian gene hémolngous to tha

HBY X-gene axist? Unfartunatalv. it 1w nat possibla 1% answer this

~
7

'_I‘hé reau!ts’ supporting this idea corne from the Northern blot data which

- suggest that there I8 a murine RNA sequenca with homolagy 1o the HBV
_ xagah_a in heart and thymus (Figura 5.3). fvidence agsinst the existence of -

_ths homaiagua of. tha-x-gene is that after very extansive scra‘anirig of

muric haart and thymus cDNA libraties and attampts to amplifv

homo!ogaus DINA using PCR, no rapraduc!bie results coatd be ubtained

“Tha exparimantal data pré’aé‘iied hers substantiate the iél_faa_ that if thare is
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2 mammalian progenitor of the hapatitis B virus X-gane, then it has been
mutated gndfor rearranged ta such an extant that the sequence Is vastly

differant from that of tha HBV X-geno, This makes it vary difficult 10 asulate- '

_ such 8 saquence using viral pruhas. Baarrangamant of ammances when

| thay are intaga ated into enother garmme is a well demrihad phenomanon,

and it is prasumabiy such rearrangaments whici could he contributmg to |

- the technlca} difficuities encountered in this attempt 10 iso%ate a mammalian_ o

_homaiegua of the hepatitis B virus x~gam. |

In canclusion, it ¢an be said that thure Is avidencs that the hepatitis B virus
does share hnmologv with the retroviruses, and thera is aiso some
- thauretlcal evidence for the x-gena having been derived from a rrammaiian

~ host at some point during its avoluﬂon (discussad in Sactiqn 5.1). The

evidencs comes malnly from the data on the 'H'BV X-gene codan

pa:sfére_nca. The blas of basrs in the third position of the X-gene is different

~ to that of other hepatnavirus genes snd is not typloal of eukaryotic virus
genes (Table 5.1), This data on the _cddon prafererice is howaver pert a

' not conclusive. The A+U/G-+C ratio of 1/2.5 of the X-gene ls nowhers

near squal to the 1/50.7 ratio of aukaryotic cell genes. (it is perhaps a__lsd'

significant that the X-gene seguence codon prefarence is simi!ar to that of |

phage and prokaryotic cell genes - Table 5.1).

b
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Tﬁef PCR tedhhiqua 5w w{efv p-owerf-ui methad fof the amplification of smaii
* amounts of DNA, Uhi’arfu’nétejy, this property is also its yveak”n'es'é in that
ﬁcn-s_pe{:ificaliv amp.iifiad sequences are sasily generataed - a8 v&és the case
in this'at{empt to isolate 2 mammallan hpzﬁdicgﬁé of the hepatitis B virus
X-gone. A methndn_iugic#l .appraﬁch_,_ using aéy_rhmet_rie_ reamplification, for
the oasy dete_ction -of non«spér:_iﬁqally ampj'ified' X-{gena séquencas is

presented in the fo_liowing Chapter,
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~ © Chepterd S
' ASYMMETRIC RE-AMPLIFICATION AS A METHOD FOR THE
CONFIRMATION OF PCR PRODUCTS
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The polymerase chain resction is being usad Increasingly for & wide variety

~ of applications. In most cates, confirmatipa.of the identity of the DNA

v

. which has been amplitied is required, for .ﬁxample‘tha attempted isolation

-~ ofa m_a'rﬁmslian.homiogus_ of the hepatitls B virug X-gene deé_cribéc_i_ nn the

previous chapter. Size datérrnihatiun is not always a raliable mathod of
varification. Noo-specitic ampliﬁcation often produces DNA of similar size

to that which is exf:aictad. S

Contirmation protocols have traditionally Inchuded & combination of

Southarn blot hybridisation with an intsm_al_ probe, rastffiztlun mabping and

diractsequencing. These -mathoﬂsare-uftanﬂma-cunsnming. eépansivaand '

sometimes technically demanding.

Recently, simpler methods have bean devised. They include the so called

"hot-blot” oligomer axtension method of Parker ang Bunnér {1991}, In this .

procedure, an end lsbelled oligomer complementary to an internal saqusnce

221
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is usad for liquid hybridisation to an Initia'liy ampiif‘ed DNA zequence. Thtf

- raactinn mixtura is"than subjectad to one cvcte of PCR and the pmdums
enalyzed bv alactruphuresls and autoradiography. Hybrid:sat;nn of the'
nested axtandad labelled primer, and -tharafare cunﬁrmation of tha Initially

ampllﬂed DNA sequance, Is lncl:cated bv a8 hand at ths appropriata position

‘reverse transcriptase for the extension of a labellad internal primer which

hybridisag to the iﬁitially ampﬁﬂed DNA {Kaluz ahd Reld, 1991), This

ehzyme extanda the iabaiied lntama! pr:mer mare efﬂclsntiy than does Tag =

polymarasa. | } -

- A third protuccl which haa racantlv baan devised mcludas thres prlrners in
the iniﬂat PCR reaction {Kal et ai 1891) After the reactlnn, sluctraphorstnc

-ssparatian of two amplified fragments of sppropriate sizas is confirmation,

The advantage of this procedure is that no radioactivity is required.

The simple procedure described here is based on e doubls amplificstion

protocol, DNA is initially ampiiﬂéd using conventional pmdedurés and a

small amount is then subjested to a second asymmetric PCR step where & _

single i'ntsrnal primet is used to amplify a shartgr DNA fragment. The DNA

produced fram the first PCR step Is presant in sufficlently high quantitiss
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to gllow signlﬂcant amplification to taks nlaca during the sscond stage even
though - on!y one primer 13 presant. Elactrophoretw rasalution of tha

- extended internal primer DNA with size companson to'a conthl DNA

. \-"'\--

'fragmem aiiows canfirmataon of tha urigmaily amphﬂed DNA, Tha prim.iple : e |

of the tashnique is outlined in Figure 6,1, - s

}

fize o . . ) . T

- After as few as five cyoles of re@nplification, the -axt'entied fﬂtarne;l prlrner
is detectabla hy alemrophomsis and autorad‘mgraphv, More cyclas of ra- :

jamp!iﬂcation aflow sasiof datactinn by standard athidiun}!\ctmida staining. :

SN

| The method is speciﬂc in that itis dapandeut on pracise hyhr!d:satnnn of the “
Internat primer - & aingla base miamatch may result -m iack- of primar_

| annaaling and therstore extanslnn. "‘be use of only one prlmar during the
o 'sacond ampﬂﬂcaﬂon stap results In slowsr Iinear ampliﬂcatlan af tha_-

' _st_nali_ar fragment. The logarithmic ampiiﬁcatian of artefacts is thus iir_nited. o

]
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_1 e l . 18t miw, P00 smpliflcation

P 2nd step: Re-amplitiostion
: with n singla Joternal primer

T 1k
Singte stranded ONA i:i:% o Q :

_Eig,m_ Biagrammatic rapressntatiun of the asymmaetric re»amp!iﬂcatian .
protocol. The initial step Involves conventional PCR amplification with

primers 1 ancd 2 - each used at a concentration of 0.25uM, g An aliquot of

this reaction mixture is then usad as template for re-amplificatiors using one

intarnal primer 3 at a concentration of 0.25xM, Primers 1 and 2 are diluted
{0.005uM) and do not contribute significantly to the re-amplification. The
produets of the amplification Steps tan be electrophoretically resolved and

~are the double strandad larger and smalier fragments as well as a smalier

single stranded fragment. b Mismatghing of the Internal primer (3') results

“in & tack of hybridisation and no extension. Thersfore, only the larger DNA
fragment produced ﬂuring the initial ampliﬂcatiun step Is discernible aftar

alactrophoresis.
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“The protocol is rapid and. simple in that no probe labeliing or DNA

burificaticm . step# are rtequired. !nclusinn txf a small 'arﬁqunt of a

'radmlabelled danxvnucleotlda tr:phnsphata doas hthWBf make the

techniqua very sensmva. -

The methods used were those outlined in Section 2.7 of *he Materlals and

Methods Chapter. The initial template DNA wes the recombinant SP64 HBV

X~gane plasﬁ\id cons'truf:ted as ﬂascribed in Sactioﬁ 2.4.3. The primers

usad are indicated in Section 2.7 of the Mathof)s Chaptar. Their positions o
) ralative to. tha P64 HBV xﬁgena nlona and tﬂe HBV genome are daplctad -

in Figura 6. 2 and Table 6.1 respactlve!y.' .

e
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;f*«' A xhal

~ HBV X-gene
o -SP64 plasmid

Figure 6.2° Disgratnmatic renresentation of the HBV X-gene SP64
recombinant plasmid and the orientation of the primers (numbered arrows}
“used In the asymmetric re-amplification protocol. The X-gene fragment is -
dapictad as the shaded area between the Xbal and the Bamtil sites of
digestion, The spproximata fucations of .8 SPG RNA polymerase promoter
and the ampicillin resistance gene [Amp R) are also indicated. The dlagram
i8 not drawn to scale as the langth of the X-gene fragment is 396bp and
=y {SPN plagmid QNA camprlses approximately 3000bp.

1) B )
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 séqugnce (57 to 3’) | HBV Nuclectide

paaitin_n_é

' CCTTTGTTTACGTCCCGTCGGCGC sensa 1420“1443

CTACQGQCTCCTAQTACAEAGAGﬁ*'antisanﬁa 1788-1?65

}QGGGGATCAGAECCTGCGCﬁAGG:-Bansa 1525*16&8

’; _ig?&. GGTGCTGGTGCQQAGACCAAETTG .antisanaa 1315~1?§$.'ﬂ'
.SA .¥- 7 asAchwacccaasa' | sense 1634-1548 ' "E ”
) . Jjaeamccmgcecaass-_ T ;iaansg 1534~;s4a E
3¢ o ;Aehrccmacccaasa .. '". "1h¥£é§ 15#4—1643
3 AGATGCTRCGCARGE | T | sense 16341048
”:3E | "_fasﬁrccﬁéccéaasg T :'aensg'1634*1é4a

T

Tabls 8.1 Summary of primer nucleotite sequences snd orientation on the
- HBV gsnome. The bases of primars 3B to 3E Indicated in bold print and
~ underlined represent those which were mismatched The sequence of
'prlrner 3A Is the normal.

%
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Figure 8.3 A shows é.n- -égaz&e _g'ei- _s'taln__e.d 1.'.rvl\:l‘i sthidiym -bfomidé_aﬂar-
_a'lectropﬁorés_ié o'f_'s&mple';:' prgbéréd according to the ampl'ifibation-' |
procedures outiined in SGCtion 2.7. At least 18 évclss of PCR re-
_ ampliﬂcatimn. were found to be necas'_sar.v' to detect the smaller DNA . _
fragment .by staining. Also, when using a larger amount nf template DNA |
fgr_ the -re-éfnpliﬁéafion {5l i_r_a's;ead' of A from the initial 50u1 PCR re;ction
mix} the ban'ds were more é*asilv digcernible after staining (Figure 6.3, lanes
.Ad-'-and A5}, An indication of tha dsgr.aa: bf incre_a#ad _sansitivity of the
- method r’e’su'lti'nfg from inclusion of ”P-dCTP'ﬂurihg the PQH ra'actic'ah is |

clearly demonstrated by the compatison of lanes A4 and B4 of Figure 6.3.
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A ‘f B

i

12345 123848

A, Elactmpharatic saparatinn (ethidium bromide stait.ad 0.8%
agsrose gel) of hepatitis B virus X-gene DNA. Amplification was with '

primers 2 and 3 (both 0.28pM] (lane 1) or primers 1 and 2 (lane 2) and tha

8P64 X-gene recombinent plasmid as template. The orientation of the
primers and-their location relative to the nucleotide positions of the HBV
genome are described in figure 6.2 and table 8.1, Control re-amplification

_ using original teraplate DNA with prirmers 3 {0.25pM) and 2 {0.005uM) is
‘depicted in lane 3. 141 lane 4) and 5ul (lane 5) of DNA amplifi *\as for lane
- 2 (from a 5041 original reaction mixtura) was re-amplified using nlv primer

3 at a final conicentration of 0.25uM. Re-amplification was for 15 cycles.
Deteiis of tha protocol are described in Section 2.7, The base length of the

~ bands detected ig depicted on the left.
. B, Autoradiugraph of the gel shown in A (15 minute exposure timeh
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“The 163 bass fragmant, represenﬂng tha extendad intemaliy anneaﬁng |

primer, wes detactahla after anly § ¢vclas when using & radmlabaliad

pracursor (*P-dCTP) during both amplificaton steps, This is shown in Figure

3.4. iane B2, The -frag‘niant was 'how_aver more oagily seen after 10-15

. cyclos of re-amplification and a markedly shorter autarsidiography aprsui*&

time _(Fimjre 6.4, lanes A4, A7 and A10).

" The use of only one primer in axcass during the re-amplification rasuits in

asymmatric svnthésis. As a rosvit, most of the DNA prﬁduced duri_ngf this

~ step should be single stranded _aﬁd ths emount will increase in a slower

almost linear rather than logarkhmic fashion. Thus, the template DNA for

. the re-amplification needs to ba presant In relative axcess for sufﬂciem of

the smallt}r sizad DNA fragment to bs produced. The pmducticm of
truncated products by Taqg palymerase can be eﬁminated by incraasing the .
numhar nf cycles of rs-amp!ificatinre. However. becausathe *a-amp!iﬂcatian

is asy mmetric, loganthmuc ampfincatmn of artafact DNA is minimised.

Eiactrophoret!n mobllity of single stranded DN»;*. is not always reiigble
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acoording to its molecular weight (Sambrook at a/, 1983}, This forms iha_

basis of the singla strandsd conformational polymorphism protocols for the

datection of point mutations (Orita ot o, 1989s; Qrite ot 5/, 1988} The

results were similar rsn'ardléss of slectrophorasis under native (figure 6.4)
- or denaturing {figurs 8.5) condithns.. ' "

“The results of the control experiments depicted in Figures 8.4 and 6.5

{lanes A3, AB,. AQ, B1, B4 and B7} contirm that there was undetectable
- amplification IWha__n u?slnﬁ-‘the original SP&4 ¢lone 83 temhiata_and primers
-' 2 and 3 st conzentrations as prsent in the re-ampllfications {0.0054M and
0.28uM raspectivelvl; Being a circulsr molscule, the §° and 3' ends of
pigamid DNA ar§ not ii_aﬁnad _ﬁi they ai'a_ i'n tha 388_51: template QN.A
fragme;t. _Th_a Tay pqiymarasa s.nzvmé tharefore axtandn_thg Intarnsi Q_rimar
io a :dﬁﬂnegi point at the S’ .an_ti ﬁf the &’E&aﬂy 'amp'tlﬂ_e;d DNA., Pﬂm{!r._

gxtension from the irculsr plasmid DNA template would be varisble,
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. ,_‘

153

B
12 84 85 0 7 809

1 e

Figure 6.4 Electrophoretic saparatinn {0.8% agarof gel foliowad hv _
autarsdingraphvi of amplitied and re-ampiified HBV X-gene DNA nrapsred
using the primers described ‘n figura 6.2 and table 5.1. Lang A1 .
amplification uging primers 2 arid 3 (both 0.25uM); Lanie 4.2 - smiplification
using primars 1 and 2 (both Q.25uM); Lanes A3 and A6 - control ra-
amplification using original SPG4 X-gane clone template DNA with primers
3 (0.25uM} snd 2 (0.008uM); Lanas A4 and A7 - 151 {from a 50yl otiginal
roaction mixiure} of DNA amplified as for tane 2, re-amplifiad using onty
prirmar 3 at a final concantation of 0.26uM; Lana A5 - DNA preparad as in
A4, but using 54 of amolified template DNA; Lane AB - T of DNA
prepared as for tans 2 and re-amplified using primer 4 (0.25uM). Samples
raprasented n lanes A3 to A8 were subjected to 15 cycles of ra-
amplification. Those in lanes B7-9, 84-6, B1-3 and AS-11 wers similar to
AB-8 except that re-smiplificat’ m was for 1,2,5 and 10 cycles respeciively.
The base langths of the bunds detected is dapicted an the left. The
autoradiograph shown in A was cbiaingd after exposure of the dried gel for
20 minutes, and that in B after 120 minutes exposure time.
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Elgum The admtadburaph' depicted In this __flgur'e' rapreseﬁts
electrophoresis of samples prepared In a gimilar way to those in figure 8.4,
The DNA wsas iwowaver subjected to alkaling denaturing 0.8% gel

electropharesle. The lane numbering is the same as that given in Figure 6.4,
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The distinction between 'si_ngte_ and double stranded DNA I3 baraly

. discarnible using non danaturing mlyacrylawﬁda gel électrnphorasis. ‘?ﬁis |

is dapicted in Figure 8.8. where a doubiat can ba seen In iane 4 and to a

laassr sxtant - in iane 5 after 18 and 10 g;ycias ot re-amp!lﬁrzation

mspaetively.

|
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Figure 6.8 Electrophoratic saparetion (6% polyacrylamide gef) of HBY X-
geris DNA amplifisd using primers T and 2 (both 0.25uM) (lone 1], primers

3 and 2 (both 0.264M} liana 2}, controt re-amplification using original SP84

plasmid template DNA with primers 3 {0.25uM) (lsns 3. 1ut of DNA

. amplified ss for lana 2 was re-ampiified in 504 using only primer 3 &t a
final concantration of 0.264M for 15, 10, 5, 2 and 1 cycles {lenes 4 - B

_raspactively). The sizes of the bands datected is depicted on the laft (base
pairs), and thelr single {ss) or double {ds} stranded nature is shown on tha
right. (The "stripa” extanding from tha upper laft to the lower right side of
the gel is an artefactual offect of the tubes of the UV transilluminator.}
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_ ?rlmer 4 'was- iﬁitlﬂly nxeﬂ asg internal primer to test tha ﬁmcii’aity df tha

re-amphfmﬂan step. lt is !ocated cutsida tha sequance of the l‘JNA imtlally-.-
ampiified using primers 1 and 2 {m F‘gure 8. 2 and Tahle 6 3 but its

| comp!amentarv ssquanue is present within tha SFB64 x-gane clona Tha

ahsence af datectapis re-ampification fmm this primar is depieted in Figure :

8. 4 and 6.5 {lanes Aa Atll, 83. B8 and 89)

| in order to determine the affect of contaminating DNA on re-amplification,
8 setias of experiments was performad using non-gpacifically mplified DNA
as template. -Figu're 6. ? shows that whep used alona, nantanﬂnatinq DNA |

does ot pmﬂuaa extanuien {lang 4}. Whgn ths uarrectly amplitied DNAls

¥
addad 10 this reaction nﬁxtura. there is detactabia amnsmn frcm the

. internal prlmr (Figura 8.7, !ana B). This implies that the re-»ampliﬂcution_ N

step Ie dependant an the specific hybridisataon of complementary -

mquenuag__uf the intam_al primear and the ampliﬂe& templats -DNA.
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Flgure 8.7 Electrophorstic separation {athidium bromide stained 1.5%
- agarose gel) of DNA ampiified and re-amplified as in Figure 6.4 lanes A2,
At and Ad reprasented in lanes 1 to 3. DNA in lanes 4 and. & was
subjected to re-ampiification for 18 cycles uging non-specifically amplified
DNA ag tompiate without {lane cﬂ and wlth {lane 5} tha addition of DNA
ampllﬂad a5 for lane 1. '

o



L

T

Hy bridigation af short oliqanucleoﬁdes to QNA is a spacific mathnd for m' |
detsctitm af smalt mutatmna {for example paint mutstions). ‘?’his techniqua |
ia baged on tha decraasa in malting temparatuse t’f'm) caused by
‘mismatches within an aligonucle_otidq hvbr_ud {Bonner at al, 19_133--[
- Manipu!atiﬁg the candiﬂnna of hybridisation allows these changes in Tm to _'

- be detactable bv datarmining the extent of uligonucleoﬁda annealing :
Sambrook o a, 1880y |

Convantlonai 'ssrmmetrlc PCR doas not gilo’w Basy discriininatlan hetwean

thé DNA ampiiﬂsd'from ngismatchéd and narrnal p__;lmers.- Although the
 sfficiency of mismatched primer hybridisation during tﬁa early oyclss of .
PCR Is low, there is Inevitably some annealing followed by"lbgarithmlc _. .
&mp‘llf_icatidn t& produce DNA which includes the .mis'matchad primar/s and - |
compiaman_taris’adueﬁcas. The s_iéa and amount of this amplified DNAmay

thus be indistinguishable from the DNA which Is produced by perfectly

matchad primars. .

A differant PCR app'ioach. using 3’ mlsmatcl'iad primers, has been used for
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 the detection of amall mutstions (Okayama e o/, 1989; Kwok st 2], 1990;
Néubauer ot &/, 1990) This method relies on @ #onfaﬂnationa! chﬁ'nga
occurring at tha site of sxtansion by Taq poivme#ase and this enzyme is .
mitib:tad as g resdlt. [t hag hnwsvar baen faund that bacausa of the
efﬂcjancv of logarithmic DNA amplifitv adrs during PCH, a single 3°
" mismatch {a not alwavs suﬁ!ciant tu dacronse DNA svnthasia signlﬂcartlv.
: More than one mismatch at the 3* end of a primer ig nfmn raquired 10
' ;{steat 8 mutgtidn iMain et al, 1991). The reason 'for this may ba t_hat once |
& mismatoheid _pﬁﬁmr ié incarrectly extended, tha misték_e wilt be anipilﬁad
o iegarithmlcﬁiﬁ},‘-and .th"e r’ﬁresenca of st least two mlsl;atchea. mlnim_isaai_

nen-specific ampiification.

Ansalysis of thé spacificity of -Intamaf prlniar snnealing during re-
émpl!ﬁc_iatlu'n wa#’ aﬁttant}ad: to datarmin'u the effect of Sinyie fhisinnfcheé

oti extansion,

A munh astimat{on of the Tm of the parfnctly matched prlmar 3A (Flgure
B.2and Tabla 8.1)1s 4&”6 {itakura etal 1983}, At anneating tempafaturaa |
ofs0°C and 80°G..howev_erthsre was sasily detectable extension ﬁom this
internal primer as was shown by thﬁ- pmduction of tha. 154 basa. fr_ﬁgm?ant

(Figure 8.8, fanes 3 and 4), Mismatched primars 38, 3C and 3D (see Figure
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_ }
8.2 and Table 6.1} failed to praduce detectable -eitension when the
' éﬁﬁealing tam'peratufa W&{i ‘50“(‘. {Figure 6'8, lﬁnes 5-?); Primers 3B, 3C
- and 3D contained slngle subsﬂtution mismatahas at the Bth pns:tion of the '
| 15 mer olignnucieoﬂde ﬁe-amphfucatucn w;th primer 3E, which had ay¥ |
| _ and miamatch (tabis 6.1 L results in failura to produca datectabla extansion

(F‘gure 6 E, iang. 10)

| Tha affact of the linear versus logarithfnle ampliﬂcaticn on the specificity

nf the ampliﬂf\\atinn was tasted by using two primem fOl‘ the re- | |

ampliﬁeatian phainternal pr.imer which had the single mismatch &t positlan_ .
8 (primara 3B-Dj and the nce wal primer 2. T‘he results nf this axperimant - |
sirg depicted in Figura B 8, r-lem itis shown that daspita tha mlsmatch at

the aighth position, th_ara- was eaa_llv discernibla symmatric ampliﬁcatian at

a'nnea'nng temperaturss of 50 and 80°C 'ﬂ"-‘iigura 6.8, lanes 8 and o). This

ampliﬁi\catian' was on a scale similar to that detetable whan u‘Siﬁg the
normal intetnal primar, The sdditional largest DNA band sesn In lanea 8 and
9 is an artetact which wag often produced during symmeatric logarithmic

- PCR using the conditions descﬂbad‘ in these expariments.
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EIQJ.II.LB.& Elactrophcratic separation {othidium hrumlda stainad 8%

polyacrylamide non-danaturing gel) of amplified and re-amplified hepatitis
B virug (HBV) X-gene DNA. DNA depicted in lanes 1 and 2 reprasents the

control size markers with their base lengths indicated on the left of the -
~ figure, The band in lane 2 was prepared by standard syrmetric

amplification of the SP84 X-gene plasmid using primers 1 and 2. Lane 1
* represents DNA which was amplified using primer 2 and primer 3 (sense

sequance 1634 to 1848, & AGATCCTGCCCAAGG 3'), An allquot (2%)
from a PCR amplification reaction of DNA prepared as for lane 2 was re~
amplified asymmetrically for 15 cycles using only primer 3 (normal

sequence) and annealing tempseratures of 52°C (lane 3} and §0°C {lane 4).
Similar re-amplification with. primer 3 saquences mismatched at the 8th
base {C, A or T instead of G} Is resolved in lanes & to 7, DNA which was
produced after symmatric re-amplification using a mismatched primer 3
{simizr to that used in lane 5) and normal primer 2 at annealing

temparaturas of 50°C and 60°C Is deplcted in lanss 8 and 9 respectively, -

Tha DNA in {ane 10 depicts separation of DNA ra-amplified with the primer
3 sequence mismatched at the 3’ end {(C instead of G). Twa similar gels run
_ mdapendently (lanes 1 to 7 and 8 1o 10) are depicted in the figure,
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_ Ti_'ta_ procedure described hers is maf_kadiy quicka_f ahd__ simpler than _mbst_
| pravlﬁusw described methaiia such as Southe'm blatting, ‘hot blot’ {Parkar
and Burmar, 1 991) and reverse transcriptase {Kaluz and Reld, 1491} forthe

'- conﬁrmation of amphﬁad DNA. - Staps such as proba Iabelimg, blnt_'

hyhridlsaﬂon and DNA puriﬂcaﬂcn are not necessary.

The methd ago has a distinct advantage over methods which use three

 primers during the first ampllﬂcaﬂna stsp {Kai o af, 1991). When using

such @ protocal, Qng may cancaivably get arte'iactuai lngarithmlc

amplification from different points of the template DNA,

Decreased melting temperature . ';oﬁfnrmatinﬁai changes at the site of
é;:ta‘ns’idn by 7‘5({ polymerase ars probably responsibls for tlie- ohsarvﬁd '-
-d‘ifféroncas batw;ah gvmmatric and asvmtﬁ'etrlc ra‘-ampliﬂeaﬂam ‘i“hp- B
inhibitory affact of single base mismatches . pnmar extension during. |

asymmet:s re-amplification is & useful pmparfv which oan be explolted to

 assess uhgonucleotide and template DNA saquam:e wmplomentarity

With the exclusion of laborious and costly staps, this procsdure could be
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applied in many PCR protocols _wharq confirmiation of the amplified DNA

‘product ig requiren.
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