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and the Nffect of Infoction by Herpesvirhscs. -
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David e Howard
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of Nogtor of Philosophy. University of (lassow.

July, 1974,

The purpose of this project was o ihvestiga%e'the ¢0ntr01
of DNA motaboliem in both 'normald and viras-iafocked mamﬁaliaﬂ
collse The lanvestigation adopted %hree‘braa& approachens (i) a
study of tho phonomenon of serun-sbimilation of sthitionary culiuresn
of BHE 21 eecllsy (ii) a study of the inhibition of cellﬁlaé‘nﬁﬁ‘
synthesis following infection with paseudorabies vimisi and (i34)
the ntillaeation of nhelel isolated from both Ynowimal' and viras-
infected colls to ctudy DNA metaboliem in yitro.

Although the ultimate aim of this pfajecﬁ Qas o gain a
doepor underatanding of the processes luvelved in the centrol of
eellvlar DNA metobolicm, considerable offort has been directod
tovards an inveétigatian of the inhibition of cellulsy DWA
gynthosia by iufection with psoudovables virus. In particular,

attenpts vere made to dlscover vhether this inhibition was caused




by the action of a molecule prewexistingTin thé invading
vivion oy, ifjﬂﬂtg to identifly inhibitoxy m@leculesAﬁﬁnthésised
after infection. Wiforts wvere also made to decide vhether
initiation and/mr~p§opagaﬁien of cellular DNA was inhibited.

The investigation into the control of DNA metaboliem in
uninfected cells concentrated mainly on & study of the
stimlation of s%ationary culbures of DK colls by the addition
of fresh serum including the determination of the levels of a
ﬁumbeé of key cenzymes involved in nncleic acid metabolism and
of the rates of gynthesis of DNA, RNA and protein. This
investigation invelved the use of autorediography to determine
the percentage of the stationary cell population stimulated to
gynthosise DNA and the use of isopyeniec centrifugation te identify
the nature of the DNVA synthesiseds Tee of actinomyein-D showed
the presence of two stages in the p?eﬁreplicatiﬁe ehase ot which
the auhséqment gynthesis of DNA appeared to depend on BNA synthesis,
in good agreencent with several other simllar oystems. The
cevelopment of this techiique provided an alternative to
exponentially growing cells in which virus inhivition of cellular
DA synthesis conld be studied.

The use of virus which had been inactivated by ultrauﬁiolet
light and of inhibitors of protein synbhesis hag shoun that the
inhibition of cgllular DHA synthegls 1a nobt broyght about by some
pre~existing cemponent"af the virus'parbicle and bthat prbtein
synthesis is neeessary before this effect can he observed., Tt

is pot pogsible using cyclohewimide, hovever, to inbhibit virald




peotein synbhesis to a sufficient degrec té provent axpréssion
of the inhibitory effect on nwn synthesia without at the same
time divectly inhibiting cellular DNA synthesis. "OénseQﬁentiy;
it has not been possible to- stuay the proteins praduced in ‘
normel and in cyc]mhexmmide treaﬁad viras~infected collm uwth
o view to ideﬂtmfv¢ng the inhibitory ?antor(u) Proﬁuced after
1n£eotion, nox has it proved ﬁossible to cause an inhmbitmon of
| cellular DNA pynt%esla by the wddition of crude extracts of
infacted cellu to uninfectod gulﬁureﬂ. |

Some initial sereening uark on.DNA synthesls in colls
infected with temparaturo-sonsmt vc mtants of paeudarahxea virus
has been carried out and further work with these mufants may prove
useful @a an approach to an understanding of the control of
callular'DNA'metﬁbolisma

Aikaline sucrose vequi%& centrifugation of DA isolated
fyom virus-infected ¢ells héa'inﬁiéated that the virus inhibits~
elongation of cellular DNA which had alroady beeﬁ igitiated at th;
time of infection, but it hag not~been pOssibl§ to~es§abli6h
whether the initiation of new cellular DUA chuina'iafalsa affocted,

The final approach to the. problem of gontrol of celiular DNA
metabolicm hes been the developms mt off o qutem cennri xng macled
dsolated frcm_cchtgolVandiﬁseuaorables“vinuawmnfected-cells and
which will incc?pﬁrate xadiaadfive nugleotides into DNA‘i# g;ﬁ;é;
Such DNA synthesis mirroes: the JNA syathetic Gﬁp&hilmﬁy of the

CGlls Trom which the nuclei yere 4solat0d.

Some preliminary wark has been coreied oub on the eifects
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of crude *eytoplasmie! preparations from infected cells on
DA synthesis in the isolated mueloi. A stimulation of DNA
synthesis can bé obseﬁ%ea in infected cell muclel wvhen these
Tractions are added to the incubation wixturs, but the eifect
ig not so marked in nuclel from uninfecﬁad cells, Syunthesis
of both cellular and viral DNA‘is-sﬁimulateG by those froctions,
the effect being wopre marked on cellvlar DNA sgynthesis, and
there are some indicabtions tholt this stimvlation way be rather
non=-specific and a vesult of the action of a cytcplagmic DNA
polymerase activity on both cellinlar and viral DNA.

The in wibro nucleay syatem,éeam$ to hbld‘most promuise
as a sultable system in which to identify controlliug factors
produced after virus infection énd a gtudy of these Tactors
should lead to a betbter uvnderstanding of the processes involved
in the control of ﬂﬁﬁ wetaboliem both in infected and in

wninfoctad ccellise

Parts of the work presented in this thesis have been

published in the following journals:

Howard, D,y Hay, Jey Molvin, W%, and Duvhomg 5.2, (L974)
Exptlecell ros. 86, 31.

Pringlo, C.Rey Howard, D.K. cud Hey, ds  (1973) Virel. 55, 495.
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‘I INTHQDBG?iGﬁ‘ .

-ﬁenius may antieipate the soason aff@éturity; hub
iﬁ the education of a pemplég a8 in that of an iﬁdividual,
',memdrvimuSt be oxereised before the po&ers~é§Areasnn'dnd
féﬁ@& éaﬂ_be axpauéeé;.‘gor may the artist ﬁcﬁa to‘équal o

surpass 111 he hag learned ﬁarimitata the works of his

Pradecessorss
Tdward Gibﬁbng "Tha Decline and
Toll of the Noman Tapirve.!
i Qoll Culturs.

i Scie@qe prpgﬁeééés in five main‘aéeps; First there ‘
«istﬁhéfaéservatiqﬁ,ef more or loss evident fécts, ﬁheir |
- codification, and npa; 530, Aftngthét ches the fwrmnlaﬁioh
bf ideas and generai'principlaalbased on theéé'facﬁs, and their
mrr&ngém@nt7inta’warking hypothosens &hir&.:thera‘ia the
‘éo?elopment of techniques for testing @heae‘hypéthese&. ?ourth
ié the acqﬁiriﬁg;.ﬁﬁrough the uso of‘tﬁésé;tééﬁniguas.lof pertinénﬁ‘
“but 1eas'evident information, and the veriiicéﬁian, meéifi&atiﬁn,
- and yrefinement af‘thasa_hypathesaé until they themselves bacone
;accepteﬁ; ?inally, thére is the intogration of these iétt&fly‘

acquived foacteo with those already knoun,



The diacipline>of oukabyatic ooll cultnre"bemut&fully:
exemp&ifies'thesejfive stepss As a sernpant of bielagical
thought, the fpundatioﬁa of coll thgory are very‘anéient
indaédg in the fourth century before Christ, Thaoﬁhraatus
(580ﬁﬁ‘0,) and Aristotlo (360 B.C.) described plonts and
animala ag belng nade up of cortain homogeneous olemends, gap'
énd bledﬂ, fibre and flesh, nerves and veins, wood and.houe,
But, having no lens for closer examination, shey verc undblo
to glve more definite descriptions 0£4€he>sﬁrﬁ¢turg of these
clements. Tuoe millenia 1ater, with the development of the
microscope, Hooke (1667) shéwed thot vhat Theophrastus had
called fibreott and Ardistotle "hone® vere made up of smaller
hdmoganéaua‘units. These he called "eells", A contury and
a helf later Brown (1833%) raacgniaeé the vhiquity of “ﬁuclei“
in flechy, as well as in fibrons op bony materdals, ospecially
of plants, and Dujardin (1835)“n0te§ éhaﬁ the seni-fluid
gubéﬁaaca vhich commanly covers the ceilular skeleton in the
1iviﬁg parta of plants an&‘animala haz also an ubiquitous and
‘henge evidently important role. 'éhiﬁ 60?ering he‘céllgd the
Ngaveode, These three congepbe, of the ubicuity of Hooke's
feellY, of Brown's "aneleus®, and of Hujar&in’é "aar@gd@”, were
erystoliised in 1838 into the cell ﬁheéry‘Saintlyrformula;ad by
Sebloiden (1838) and ﬁchﬁannL(1838).

8Sinee the recognition in a foyxmal fashion by these two

vorkers of the ubiquity and fundanental imporkance of the cell




a&-the‘ﬁelémggiary nrpanism“.‘thé imaofﬁéncé~ofiétﬁdyiﬁg tﬁ$t~
'elemeﬁbarg ﬁnit hag nePn 1mplmumt in nuch of our thmnkmnp.
Kﬁtempﬁs'ﬁm carr& oub sndh sﬁudieﬁ, hnwnver, oommonly rosulted
only- i dew&roying the cclls and it wag not until 1&8? thmt one
of the first hﬂ@ﬁ@Sbfﬂl atﬁompts to" duplicate the envernmont
of the éukaryo%xcicell was made by hrnald;.whc wam able,to f0110W’A
microse p;cally the mlgratAGn of frog 1aucocvtos cultm ated in
iﬁhé‘aqueou; humour sram Afﬂ@ﬁ' pyedy their invmuion 3nt0 nev
éellé g hg pfﬂceﬂmﬁm by which tbey enwu?fed bltd ox QEb“Lb‘
@téa
The idéa of 1 olaﬁmny col?s and graulug thﬂm far the

avowed pur@uoe oi sﬁudylnﬁ cellulﬂr sutonomy and wnterrelatnan
had not baen forﬁulatcﬂ by Arn01d<as a gengral uhgoctwve, and it
Wag ﬂahorﬁandb (1902) who was the first $o e&praaa*th§51iﬂeaﬂxn‘.
a ¢lear faghiun,\§nﬁ-wha aayried auﬁ many‘eépe imants u1th the
aim of eatab?i*£€n5 sneh enltures. | His studiesg hcvever, wevc
not vueceubtuﬁ wna iike the Suﬁdlcs of Arnqld thcv attv«cfpﬁ on?y
'-a p@amlﬁ; phxlauogﬂical ntoyeﬁt at thg'tmme. ’

| Hony of these_e&rlmer axperiménﬁs>anéiéipated b&_?ﬂ:qr:
O years techﬁiq&@s vhich are in general.use today. tﬁtfﬁhe
vtime-theyﬂwgr& d&fficuii-tb repaat since fhé media used’wéfa-
genefallyiunﬁ tisfwatery oy %rwe@raducxblo and thsrn waq somh
dovbb wﬁetﬁer they demoustrated genuine survival of healthyxtissués.
or ‘merely %cméwhéb ﬂelayea‘&eath of the cellg.f
I% wag‘becauée Harrison's experiment in 1907 @émgggtr@ﬁéd‘fi*

quite unequivocal contimation of nowmal funetion in vitro and .



offovad a veproducible technigue that it has been gonerally
acecepted as marking the true boginning of tissue culfuve.
Hewprison explanted small pieces of tissue frou the medwllary
tube region of frog embryocs into clots of frog lymphs When
kept in asepbic conditions the fyvapments survived for some
‘weolts and axones grew oub from the cells. This helped to
settlo a current controversy about the orvigin of these
structures and illuminated the potentialitics of euwperimental
methods using swrviving tiscues in vitro.

The "Eraditional? techniques of timoue culture were
rapidly eatablished theoreafter. = Burrows and Carrsl made the
digeovery that enbrye extract had a stronp grovth-promoting
effect on certain cells and Carrelts group doveloped the
techniques to allow continuous cultivation of rapidly growlng
and dividing cells over long poricods of time. Swecess in this
lattor fleld suggested the possibility that eclls might be growa
zimost like protozen or miare~organ”sm@-and the periection of
our pressnt methods of eoll culiure owes 2 great &eal to the
group hended by Winton Farie, who were the first $o grow cells
&iree%»on glags in 1&?3@ numbara, the flret to grow culiures
from single colls and the first to propogate cells intentionally
in sﬁap@nsinn.

The implications of the tissue culture method uas
not lost, oven in the vevry cerliest days, and 1ts poleniial velue

in such subjects ag morphogencsis, gancer research and wirology
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was iomediately recognised.  In virology aﬁd'bioehemiatry,i
however; although attempts vers made 1o wrest information from
tissﬁe culbure material, the %echnicalvﬁifficulties proved
overwhelming and it‘waslbnly with the répi& developments of the
lQSQ'srﬁhat its appliaationS'ig thg%&-ﬁiélds hocane widespread.
T4 was the observations of Wnders gt alus (1948) that
pave the subject its great iwmpotus. They shoved condlusively
thot the poliomyclitis virus cotld be oultivated igrgiﬁgg in the
abgence of nerve tissueg | Uhis obscrvation was made at o bime
whon cell culture techniques had unaergéne,30$e'feméikable
develaﬁmenta and, with the added practical iuﬁgrésﬁg thé nunber
of people in the field increaged ropidly and the whole subjéct

evolved with extracrdinary speed in the next -ton yeérs,

2e ‘ The Coll Cyole.

2el, “Genersl Inbroduction.

Haminlian oells ean be divided into three pringipal
stétes wvith vrespect to their sbility torgynthesisa DNA &nd
divide (Busorga, 1968). Géntinupuﬁly Adviding celle that keep
moving through the cell cycle from one mitosim to the noxt
constitute the first state. The second conaists of cells that
have permanantly lost their abilitylto divide, and the third of
quiescent cells that ordinarily do not synthesise SN&for-divide

but con be induced to do so by the appli}aticn of an appropriate
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.atimulusg &mmaaiied Go colls fPatt nnﬁ ﬂuastlcr 1953)bu vaéﬁt& '
agourying in sontinnously ﬁmvidﬁng cal?s can be studnéa in
1synchr0n0us popula::ons or in synchronmrgd popu3at10nw of ce]ls.
The amount of information thnt gan-be cbtﬂlned 1xom nennorﬂlly
'heﬁarﬁgenevﬁs popnlations of &ella in neceu”wrﬁly 1immted, and
battor res ults have boen abfannad by ﬁhe us o of synehronised ceill
pépglatiqnsa Fortunately., & number~oa lmnes of randcmly grou1ng_
cells in cvltﬁre can bae s synchronised bv ‘chemical’ o m~chan1cal
meanb, and, a1thﬁugh cautznu ritst be exor0¢scd in ﬁnhavnrctmng
vesulis obtauaoé from cells which have been bubjecte& %0 %uch
treabtmont, thesc methods have allowed_biochemicul inveatigatidna »T
oi the various phases of ﬁha ¢all eycle thch woulﬁ,bo‘othéfﬁisé

impossible in asynchronous populations.

Pe2«  Synchronisation of cell culbures.

The uhilitﬁ of éynchraniseﬂ cultures in the aﬁudy nf-éhe
g blochemis try aof s OVQral vhages ux the callular life cycle of
ﬁammalian eclls has long boen recqgnised, apd nuMerens methads
have beon ﬁGVGlapeﬁ'tn=pr0duce such;cultures; Hoat of tﬁasef
._:m thods reguire that the popuEﬁtfon be perturbed and i‘ tbén :
beccmo aifficult to PYOVvE bhat the biochemical balaﬂce (Ande?%
eb Bl 1967) of the. culture has not aleo boen ali@raa hy the
troatments The idenl’ uynchrunm auioa method wovl& bo one UhLGh
ié puraely seleativé'éndiwhich coulg be applied to a growing
population withouﬁ.affec%ing the growth vabo. ‘The VQ§ipua‘

methods for synchronising colls in vitro have beqn'crit'ﬁally
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eramined by Feindel and Tubiana {1971).

By Tar the most attractive of the direct methods is
that of Terasima and Tolmach {1963) who synchronised Hela S%
cells by culsction of cells in mitotic phases  Farther |
nodification of the method by Robbins and Mavous (1064) and
by Tdindehl and Sorcnby (1966) has increased the usefulness of
the appfaach~by collecting pericdically from the same culiures ’
or by dpllecting continougly from a single 1&rg&>culture and
the @ifficulty of obtaining larse quantitites of mitotic cells
has beon overcome by ueing the drug Colcemid. The discovery
that coleewmid inhibition was reversible in Chiness Hemster Colls
(stubbleficld, 1064) led not only to better synchrony techniques
(stubbleficld and Klevecz, 1965), but olso to @ better under-
sfanding of the nechanism of Coleemid inhibiticn.

The use of the drags Colcemid or 801chicine‘ and uthér
dmga which;prevqnt spindle formabion during mitosig,‘ﬁs biqck
the mﬁmmalian aoll cyele is svbjeot to some criticism, and in
'some-ig gigg'axperiments'it has been shown thot mitodic figure$
which hafe been blbcke& for Tour or ﬁare hours unéergc neerosis
and disintegration (Loblond, 19593 IHaoper, 1961)s  Theso drups
may_Very well affoct colls in nonspecific ways ﬁhereﬁy»ge&ucing
their usefulness, especially in these studies which involve
experimental manipulation of the normal. ecll oyeloe. Othop
‘ﬁecﬁniqnes used to induce synchrony have included %emﬁeréture
éhagges"(wew%ﬁn and Wildy, 1959), ﬁeahanieal‘scraping‘ Salyman,

1959} 4 trypoinisation (Swaificld and Foley, 1960), but the rost
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widely used technzqaes are those which»ﬁtilise inhibltors of

DNA synthesis such am xluovoﬁenxvurlaznp (Trikson ond -
@zybalaki, 196%; Gold and Helleinor, 1964), amethapberine (Adams
eb al., 1965), thymidxne (Xarmag 1962), deoxygganaszna or /
deQxyadennsiﬁé {Mveller énd Kajivara, 1966&)‘andA5~amindfuracil
(Bveweﬁ, ;9653. Practically every'tcchmiqne.so far devised
fariéyﬁchﬁnnising cells, howovery is subject to criticisms in one
wmy or anothors Aﬁgfiﬁicai as&éﬁément'has‘been méﬁe by

] Féinendc@en (5967).’ | |

Teasts for'synchreﬁy include the scéring of mitoses, cell
'grcwth, and- measuvenent of DNA syﬁﬁheais by incoégorgtion‘of

| radiooctive precﬁrsors. ’They have heen reviewed by Sinelair

(1969) ,

2¢3s  The Cell Cyclcs

"‘13

2eSele General. |
Cell divv sion and bhe eventa aasoclated wath it have

boen of continuoub Jinterest ta inve%ﬁ*gators for over a century,
but only during the pms§520 years has the eell cycle heen studied
ot a biochemical levele - The ecll cyele ds &efi#ed as the

interval beiween the midpoint of witosis in tho p&rent'ceil and

the midpoint of the sﬁbsequént mitosis in one or both denghtey
colls. doward and ?@Jc (1953) ﬁave divided the cell cyc1e into
fouy phﬁae%' depmcte& diaprammatically in Fipure l.l (1) Gl9 the
peried hotwean ccmpletion'af mitosis and the onset of DNA synthosicy

(2) 8, the period during which bNA is replieated; (3) G2, the




pariod beotween completion of DNA_synthesiﬁ and the onset of
mitosis; and (&) mitosis, the veriod during which the
chromosones condonse, segrogate, and are eQﬁaily disbributed
',betweon the two dsu;nﬁer ¢8lls.
o impa:ﬁanﬁicmnclusiona emarg@d‘frmm the early work
on the cell cycle, nemely, that mltosis wvas almost ilnvapiably
preceded by a duplica#iaﬁ of DWA and thet the synthésis éf'DﬁA
wag not & ront:auaaq procesas bub occurved ouly during a discrete
period of ﬁhe 1nterphasen
Tule con ?astw utth prokaryotes where DHA is not
sy&th@siﬁe& during aAdisarata.perind but as o continuons process
throughout the life cyole of the coll (Schaechier ot al., 19593
Abbo and Pardee, 1960} and vhore the patiern of DNA replication
ey vary according to the rate of growth of the cell (Helmstobior,
10675 Helmstobicr and'ﬁooﬁer, 10683 Clarke ond Maalde, 1967).
"hmp simplified description of the mammalian cell cycle

ontlined here applics only to golls that can be cluasified as

contimonsly dividing.

- & r,?:? e Gl I’Ilﬁﬁ!} .

ﬁuring the €1 interval the differentiated ceil ERPrESHeS
mts perticular plenobype, synthesising substances chmragteristic
of that phesaotype. |

qlna calln 'vary widely in the lengih of time they spend

in &, i’x‘mai 5.6 = 30 b (Schultae, 1969), and sinee they re ona

individually to exbracellular factors which eithar'aoceleratc or
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Cdolay thelr enbtrance into the S-phese, it is quite elgéﬁﬁ

- that mnltiplé conbrol PROCEBSES operate to regulate the
progression of cells thovough the GL dintervals _An e£t@nsive
liderature slready exists on the vesponse of different cell
systems te extracellular stimili which are veiy &iverse~mnq

- dnclude hornones {Cahmn, 19655 Hamilbon, 19683 Baserga, 1970),
serun proteins (Todavo et al., 19655 Wiehel and baéergaa 1969)
vitaming (Taylow of alay 1966), agglutinins (Cooper gt ale, 1963)
emino acids (Brunmer, 1973), enz&mes (Bﬁrger,_l@?ﬂg Rubin, 1970),
lecting (Powell and Leon, 1970), viruses (Kit5g§i§§g, 1956;

Samer and Defendl, 19665 Dulbscco ef als, 1965) and vemperabure
shock. {for veview see Mitchison, 19?1); It is parh&pé a bit
perplexing to explain hov such divorse ngents can bring shoub

the ultinate agtivation of a comydon set of genes,‘butg~ |
notﬁithstanding,ﬁhig diversity, the response of the cellg)usually
involves an early change in the pa&terﬁ"of expressioﬁ of geretic
information with rathew grocs ehanges in the oytoplasm and
membranous stemebure of the celle. | This is followed later by
the synthesis of particular speelies of RNA and protein wvhich are
nécesﬁéry for the cell‘m antrance inte S-phaco.

A requivoment for protein syntheéis to btraverse the ¢l
phase and initiaﬁa.DNA synthesis has been demonstrated with the
use of lnhibitors du several mammalian cell types gg vivo and
in viteo (Mack ot ol., 19673 lueller ond Kefiwarag. 1966b;
Topasing and Yaﬁukéwg, 1966; Terasima ot aley 1968). - Similer

inkibition of DNA synthesis cecurs if RUA synﬁheSié‘isfinhihited
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: i GL (Dagerge ot ul., IQHJa' 1Q66; &ugiwara,v 19(?). . Wheﬁ
ﬂvoteln synthesis s “tampeé afbcr T ynth?51r is ﬂlremdy 1n
prorre By EV aynﬁhesisiisjra@igly dépresSﬁ&.(ﬁa;ergx et ley
1065h;  Bennet OL al., 1964 Lieﬁermaniéz al,, 19 03;77Vnnﬂg,
1966). Vheth@r the QjAe@h ghems from bhw “cquivomwma for aawly
&ynth@nihud @roLcmnr to inltlaue DA aynthesis‘ln segmonts of
cnwmma&am&g which daftiate lote in tha %wphn e on ruflaczs ‘the -
n@ed xgﬁ gontinvons histone op oLhcr wroxean svntberim éurxng
iDNA~éyn%hesis, has vou'yet-been ws%ahlished-

Tb appears that ﬁurmnb the G peflod Lhare 1555 series
:oP erderxy mbﬁébgﬁlﬁ owents, sone of uhach irvalvc @cnc
expression snd are éirecﬁly"rei&ted'ﬁﬁ,thg onset nf‘DﬁA:synﬁﬁesié;
These eventis have been diaﬁﬁss&ﬂ_inma nﬁmhéf of revjcws (Baacrga,

19683 Baserga end Viebel, 19693 ‘Gdoﬁérgﬂ19?1, Tpmfanova. 19?1).

Bfﬁwﬁ. -gmwhase.

Throughoﬁ‘ the swphaae the actlvities of en?yﬁns A
9601atnd with DNA Vﬂthuﬁls, Luch ﬁs DNA rnlymerase.thynidzne
kinase,ﬁnymmﬂylate ktnmso,thymmdylate syntheﬁase, daoxycytidlne>

.‘deﬂminade, r¢ e or remain high and . ?NA synthegls conbinues {for
“litarature see Stein and Baserga‘ M9?2)¢ Eroteln svntheams.also>
contgnue% at an elevated rate durxnw “mphaso and. the synthe“‘s_of
non-histons chrcmpsomal prbteiua, vhich wos evidend during GZ
conﬁiﬁues'{sed %tsin & aserg&, 1972), although the rare of ‘
turnovey of these prntgmns‘durlng a»phaae appepxs ta‘be signiﬁicaﬁt}y

lower than that observed in @1 (Borun and $tein, 19??);' The




12

.ﬁynthasis of histones has been shown o be tightly coupled to

. DNA synthesis, both in stimilated Go cells (Takgi et ale, 1968)
and din con%inuouély dividiﬁg cells (Spalding ot aley 19663 -
 Robbins end Borun, 1967}, and what has been provisionally
desimated s histone messeuger BNA is present during S-phase
(Boxun et ales 1967).

A number of experiments have shown that interactions
between the nucleus and the cytoplasm are involved in the
vegulation of DNA synthesis and It is an old cbgervation that
meled dan the same cytoplasm underge mitosis in synchrony and,
in addition, synchrony of ongel of DNA synthesis in muelei sharing
a common eytoplasm has been demonstrated (eege Church, 10673
Harris and Watking, 19653 Kimball and Prescoti, 19623 Nygaard
et aley 19603,

The study of mucleo-oyhoplosmic ianteraction in the
regulabion ef-DmA synthesin has hegn exkended by nuclear
tronsplantation botween amvebae in diffevent stapes of the cell
ocycle {Proscobt and Goldsbein, 1067)s Those experiments indicate
'thaﬁ eytoplasnie réther than nuclear components debormine whebher
or nok nuclei‘mynthaaise DVA.  Da Terra (196?) has Found a
sinilar situation after coll grafting or mwclear %ranaﬁér in
stentor and the imporbance of the eytoplasm for DHA synthesis
has bheen demonstrated in a.cellmfréé systeit {Thomzon & MeCarthy,

1968),



2.7 G2-phase.
buring the GgFéhaﬁa of the cull éyéleg ﬁﬁnsan& Q?cﬁein
syntheisis caﬂtinﬁe albelit b vates whmch daove“" “the cell
approachas mitosis (Taylor, 19603 Robbins pnd : Sch&wfig 3966
ishen and, Uz]keg, 1967) tudjos wiih actinomyein D, ‘ |
: purcmyuin.(mauey et &j;, Igﬁéb% uyelwnemimlae {Tobey gm }i;,
1966a) and with m@ngovxrn& (”ahry gb alﬁ, 1955} have ¢1aﬂv1v
eﬁtablmsheﬁ kh&t}the synthaszﬁ of RNA and ﬁrateins,duying~theﬂ

a2 nh a of tho cellfcycla is emsentiel for onbry of cellsqinﬁo,

The ggnbhesis of nogﬁhis%oné'ehromasoﬁal ﬁfétﬁiﬁs
Qanﬁinuea duping 02 (Stein and Ewrun; l9?24 ’3téin'eﬁ~g§3§_"
1§7G§A 19?1) butb thair rate Qf turnnver is smgﬁi ntif-
‘incfea ged in comparison Lo that obﬁerved ﬁuring bwpha o) (Stcmu
et ey 1971 Bovun and Stelny 1972). vThg?g;apyear to be
qualitative diffefémces in ﬁhe'non;ﬁistone chromos cm 1 prntoanv

syothesised in G1,; § ond G2 (Stoin ot aley 19703 *9’,?1) x.

20545, Mibosis.

Manmaldan cailq synthesise BWNA inm o1l phases afrbhe
‘cell uycﬁe e&cept duping mitosis when LhQVG is 2 cossation of -
RIA, @yn%hebls (Taylor, 1960) and during which tho’ig'géégg_ »
template cotivity of the ﬂxtotlc oh*omatvn im mavérdléféld iéé$"
than that observed in interphgse chromatin (Johnseniénﬁ4§0ilana,
1065) | o |

A deorvensed rate of total cellular protein Jynﬁheais has




Fige 1.1,

The Cell Cycle.

- M . mitosimy fvromprqphasg‘tﬁ telophases o

n

Coa intervol between completion of mitosis and the
onset of DA synthesis;

8 = perfod of DNA veplication;

a2 = interval belween completion of DNA synﬁheaiaﬁ;’and\‘_ N o

mitoéis; ,
G = quiescent cells that cun be stimulated to. synthasiéé

DNA and divide.

' from UBiochemistry of Coll Division", ed. R. Baserga, (1969)s

Charles Thomas, Illinois, U.5.4.
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" also been observe& durdng mitosis (Prescntt and. Beﬁger, 1962, . }
Rcbhmns and Scharff, 1966} and dzauggregﬂtlon of ﬁhe pnﬁysomes :
ocenrs (Robbins and~acharff, 19663 Scharff and Robbmna. 1966).

New W synthesisy hovever, is not nocessary for the reformmtion

- of the rolyrswes in G1, the polysome-associated RHA nermzsvwag

‘intq the smhsequent Gl period (Hodge et ale, 1969).
o Atein and Bagerga (19702) have shown that, unlike toﬁél
cellular groﬁainﬁ, nanhis%ahe chromoéémallprateins‘&revaefi&ely”'-
eynthesmaed duri np mttoaia and thelr rote of turnover 1%" | |
groater tham thgt vhich oeenrs during g-phase (8tein gt aley 19?l)
Mteorations mf'th¢ strycture of the cell : urface also

. ogouy &uring:miknsia (Fox of ala, 1971)3

Pelia Qharaeteristicﬁ of Gell Culbture.

2ehtal, Iﬁentity of Cell ?ype.

A number of tissues fram an uﬂult (or botuer embvyonic)
arganiém g&h be &iﬁsaciatgd inbo their ccm@onenn cells by
inoubation with . protedlytic enzymos. Uhenevar such a. orlmary
tissue ex@lant haﬂ hoen disrupted an@ tha cells allowed to .
igraw xn tissua eulbure mpéza, the cell can often be passageé,

- or incculated mnﬁg_a;new cultura vessel with fresh me@ium gftéf)
4 dénsﬁﬂerabla Length ofrtime.‘A Ag aévn as the déils.bave been
passagsd in thza way the cultuva is 6eui@nated a primary cell
line. Eraquently. pvlmzry cell llnas oan be passaged rupentewly

a0 mrasucntly‘ th@so lincs se to pxolimerate and die out
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efter gquite a large gumher of pagsapes. However, cell>1iﬁea
cccasion&lly con be eultured for such o 1ong.time that thé&
appa%ently have developed the potentinl to bhe subcultﬁrgd
indgiiﬁitely. Such cell lines are called established coll
lines, | |

The precise physiclogical environmont of the cells‘iﬁ
the intact orgonism is unknown and thus irveproducible ond the
fact that many primary culturos undergo a “erisis® may merely
meon that- they have run out of some essential.compound of which
&e'héva no Rﬁowleége. The fact that, novertheless, cell
_cultures can be established is thue more a tributo to the
adoptability of Living cells than to our ingonuitys

Anforgan'situaﬁeé in ﬁhe wvhole animal wmay consist of
many different cell types that intermingle with each other more
or less intimately. A1l of these cell typos are‘capablé of
growth in cell culbture and, with nué procent non-selective
techniqués and the loss of morphological characteriétics, it is
virtually impossible to identify with cortainty the type‘of cell

_%hat hecomes estebliched s & continuons tissune culiure coll,

2elte2e Dediffeventiation.

Throughout the literature of tissue eulture the
atatement vecurs that celles in culture loze their highly

. gpecialised functions. = Uhen primary cell lines from norﬁﬁl

tissue ﬁndergo transformation, Speciaiiseﬁ functicps apﬁear

usually to be lost but there are some oxeeptions to this. In
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varticular fihrcblaats usnally retain the eap&city(tpiéeﬁrete
collagon (Greeniglﬁoldberg, 196533 Davidson, 1963). Moreover,
coll 1iges-éerived from tumours may exhibit specialised
functions and may retoin these for & long time in culture. It
isAnoypeaﬁy to establish a general rule and it may be that there
is often some rotenbion of diffarventiated petentialiﬁy_in -
culture which,iS'th‘reuliﬁed because of inadequacies of the

medium or of inadequate techniques of detoction.

2eltaZs  Density Dependent Tnhibition of Growth.

Primary cell lines do not behave in the same waé as
establishcd cell liness When established coll lines have
become stationary-the nedivg in which they have groun is ueuwally
inadequate for maintonance of a fréshrinoculumiof cells.A Hovever,
it can oftenvbe chaerved that cultures of a primary coll line stop
groving before the mediﬁm is mxhauétoa, a phenomenon knowm as |
density dependent inhibition of growth, Vhen certain kinds of
ynormaloﬁgriméry op eatablished'cells,-mainly.fibrablasts,‘csme‘
into contéct they dimmediately bDecome immobilised and coll
@ivision, DNA, BNA and protein syntheeis aré much reduced or
eliminated (Eagle, 19653 Stoker, 1967). This phenomenon
probably refleets a control meehanism in the intact animel but
despite intensive study the machanism has not been discovercd.
Yhon primary eell lines become transformed one of the most '
outstanding features of the transformed cells is the qbseﬁce or

great diminution of density~-depondent inhibitlon of growth. This
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ia the reason why tronsformed eells grow to higher densities

and pile up on each other.

2odiulte  Chromosome Abnormalitios.

ZHIn ti§5ueﬁbyltures abnormal céllm and abnormal eell
divisions aro freqﬁently encﬁﬁnﬁéred. Tt is common for -
:éytopiasm to fail to divide vhon the nueleus divides éé;thaf
_ multinuqléate gianhvéélls oceur, and instead cf;thé nd:mél
ﬁipplérAdi§£$ibn of cells,-multipolar ﬁivi%ibn may occur,

, éapqékally;ia:tumaﬁr cplls. Thas ttipnlar di&isicné mrg:nbt“

‘ iﬂfréqueﬁtly‘éeén where,tha-céll aivides into three.

Other commﬁn'éﬁﬁormaiitias are abnormalities of the

~ population és a uhélé, In Fnﬂfmal'zpopﬁlationé. a1l ‘the cells
'lﬁguﬁily'have the s&ﬁe_gﬁﬂber éf chromosomes, thexdipidid nuﬁﬁc:
’fOrjthe species. In estaﬁlishad;cell lines it is almost the

_ ffuie éo fiﬁé“a chromosone number different from that of the

animal of,origiﬁ.. F&equontiy.<the eellé have a triplqiq or

%eﬁxagloia number of tho@csomes Ory commoﬁly,‘a nuamber which'“

‘riéiﬁpi afaimplé_gﬂ;tiglg;ai %ﬁe’hayloid nurbers - Thisg canditio@

‘:is refgrred:bo as &néﬁploidy. S In aﬁdition;,iﬁ 15 common to-

xfinﬁ grent variability in chromésome number from oﬁeréoll to
anét@er in 8 cu}tﬁrg, Toxr okample, ﬂep:a géllm_havejg;moaal

- cliromogome frequency 53_?6 (73~79)3 Hela cells, 79 (39~187);

KR colls, 77 (63-153); BIK-21(C13) colls Al (36=15)3 - cnd

WT 38 eells hG’(h3~92)’(from Registry of Animal eells certified

by the Advisory Committee to the animal cell culture collection
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of the Amevican Type Culture CGollection, 1964).

Tven in the vhole animol, however, certain chromosome
imbalances are compatible with survivel inte advlt 1ifes Thus
Doun's Syndrome in maﬂ is dﬁe to trisomy of chromosome 21, so
that these individuals hove 47 instead of 46 chromosomes.
Aneuploid-chremassmai‘nemplemants are probobly uncopmon as
the imbalénca produced is; in mowt caces, iﬂccmpaﬁible'ﬂith
survival rather than that the mechanism involved is ex¢epti0ﬁally
rarc. In eells dn culture chromosomal imbalance may be less of
a handicap thon in the dereloping snimal since the ce}is,do not

form part of a delicately balanded organisme

2c435._ @ffacks of lormones on Tigsue Cultuve Cells.

Studies of the direet effects of hormones on blssuve
culture mobtobolism hove,y on the whole, been disappaiating.
Attempts to d&moaatraﬁe a general asobion of steroid hormones haye
been wnsuecessinl excopt with very high concentrations when an
Adntibition of growth, probably non=-specifilc, has occurred.

.This statement applies only to coll cvltuve studies, ae. some
quite dramatic effects have been produced by steroid hormones
in organ culture. T

Torkins gt zl.y (1966) have shown that in a rab cell

line derived from a hopatoma the synthesis of the enzyme tyrosine
':ﬁéénsaminase is dependent on the addition and continned presence
of certicostoroids which act as "inducers' of_%ha enzgme.3 They

-have suggested that the corticosteroids act, nob ai the
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vranseriptbionsl 10?@1 by conﬁroll-ng “cﬁ,vlﬁj of the snructuval
gene, but at the translaticaal level by cbnﬁralling‘tha ptability
of the mRNA,.

Vory 1ittie is known as yebt abont the agkion of
hormonos on eells in vitros 1% seems quite cortain that the
pve&enee of hornonem is’ not eseg entlaﬂ for cell swwvival but in
view of theinr greaﬁ importance in the intaet animal, it is like1y
thet they are reqnired'fur the full development and function of

alfferentiated cclls.

2el1ibe . Enucracrion ﬂmong Cellb.

Besides &enulty deperﬁeﬂ* inhibition of growtb diasuuwe&
in Section P .;, other. importont Lnteracuiong have been
'éisgovered;.

Until quite vecently it vas believed that, with the
aexception of syneitia such as muscle; animal eells existed as
qui%a sepnirate arg&n s{ with no intimate connections. ‘ it bas
now been found, howéver, that colls within the same organ nay
have direct eleetriecal continuity, sugsesting thab jons can flow
réadil&»%etween theme - It haa zlzo been FYound that this lkind of
contact'alectricai Goupling eou he cstablished in confluent cells
in tiseue culture (?ﬁﬁter et alsy 1966)s Horeover, it haa been
ghoun -that genet'c 11y different cella in glose canuact uiuh eaeh
other ¢on cooperate w;th each other s0 that two cells each with
a &eparﬁte genetie defect can mOﬂplumenb eagh olhér so Bhat both

survives The zctunl basis for this phenomenon iz not understoocd
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hn% 1% ‘seews o iuvolve the passage of ﬁmﬁ117melécu1ﬂs‘ o

'b&biﬁén cells through somcalled gag Junct?enu (PL ﬂu, 1971 ). ¢

2alie7e - Genetics of Oulbured Cells.

Yutonts of éﬁimél~célls b&ﬁ'é&'iéﬂlﬁﬁed by‘Sﬁanﬁar&‘
a@lectiéﬁ niethods and mémy’ﬁave“ndw.been daﬁcribeﬂf(Taylérfgg alaey
1971) Sode of hese muaaut hqve heen L oa 4n anudmsu of
genetie trensformation dnd cell hybridisaﬁian;

Tissue ouliture cells do unot normé;ly-need'ﬁg pbsgéss~any
5§sﬁ¢m of genetic vesombination and so ﬁt'ig.uglikely‘tﬁét'any :
éﬁﬁing~system will ba fuun& amaﬁg,tissué'dultnfe‘éells; ) This .
&ifficulty ‘has heeu bzrourveuaed, hcucver. b; the use. of
u.vthnﬂrtiva od Sendai Viras to prowmote random fus lonn gmvxng
vise to mul tinucleate cellu. }i;~i aurahle carcumstances it 4
wossxble to obbtain hybrid ¢931 Vines from sueh hetroharyonb
cnntainimg”mhromojame m&termﬁl Lrom more bhan oria nuclens 4n the
now uniﬂugle&te aell. Thefreﬁulting hybriﬁfcellﬁ will_be
genetically'reGOmhinant if‘the"-weve formed from col 8 coﬁtaining
diflerent @endtypess' In th