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CANTITNTEY

fApdnel ombeyogonesie lg ncoompeaied by chonges Lo tho onsyme
aotlvity of Hho enipyo: o.g. nournlabtion lg followod by 2 2igo in $ho
pobivity of elknlins phogphetaso obd oholinosbovuse in chick brain

{Rﬁg@ré ab ol igﬁﬁém sueh euniges may Anvolve the coniwolled slbowation
of ayndhosis and foneblon of mopsanyor BEA A0 o monvop similor 40 onsynae
odepéotion in bagborla {Jaeob and doncd,198%). Pho possibility thed
ﬁ&f@@ﬁgﬂﬁinﬁimm and onsyne. odapbation wlehd hers o comon mochnulon

pronpead e progent invogstloptions

Alshough enayne edapboblon g woversible, suslooy teeneplentation

: oxporimonds of Driggo ond King (1962, 1087, 1960) suzmond thed
L - fifforentiotion may o irveeversivie. Io these oxpaviments, Hriges nnd

Ring seengplontod nucled Tron suphibinn enbpyos b vaviovs sboges oF

~ davolopmond %0 anvelonto ogge of tho sawe spoglos. Thoy found thed
npalol teansforred fron Dlagtulee allowed dovolopmont Lo advangsd cubryos
but wuolel teanpforrol fvom erbryos beyond the blagtula sboge produesd
Lfower supviving omheyos. Oldor stspes of Aonorp gave PLER SO OVon £opa
i sRRowml 0By

Gonsogquontly an vwnderstandlog of onsyne adaptobion sonnot be

Cozpoctell $o rovoal tho whole procagy of tho asontrol of difforenblobion.
Hovevay, the poseibiliisty romeing thet ey may share o common mochenigm.
'he oxlobtones of onzynd adapbnblon in backorls susegeabs thet 1Y ovolved
boToro Alfforontistion, ond it sy bo tho boglce smechoniom which made
difforontiotion possible. Bretorial andepbebion is sbimulated by the

pﬁ@s@né@ of spocifie mobobrlitos in tho cultnue £lwid (Jaooh and Wonod,




1961).  If tho activity of snimal ounzymes can bo shoum $o rospond o
motabolites, thaen the available inforamabtion on bactorial induction and
roprogalon may be uged o uwndoerstand the process in animal colls.

The techuigue of cell culture provides a good syston Lor tosbiog
afaptation 1a controlled conditions. #hole snimal rogpovses, such ap
thogo of the ondoerine glands, cen be avoided, and inhibitors of RNA
and pﬁéﬁ@in sypthosis may be used without the production of uniﬁ@nﬁifiaﬁ
rosponass In obher bissuzs.

gultured colia ars subjeet 0 morphological end mobabolic variation
vihi ch é spastba that they may adapt to their onvironuont by gonetic
q agoloation or by nonegonotic altoration of the oxproscion of the £onos.
Gonatic adepbation and nonsgonetie irrevorsible adapintion mey be cone
sidorod goparetely from reversibloe albterations in the phenotype for the
eposes of thoe pragent sbudy. Jomd obbempt has boon made to esbeblish
the noture and ogeurronce of irrovorsible genotyplc mndlphemﬁtypie changes
in conbinuwous culiuye, 80 thot they way bo distingulghed Crom such

vovorgible chengos ang engymns adapbation.

izveversible changsg in culburod callg

The appaararcd and growth potential of culbursed coll sbtrslnsg mey
changp spontoneounsly in a procoss kaown ag trangformation. Ruddle (1963)
obgorvod such s chenge in o eloned pig kidney stralan when opithelial ealle
growing in a contiguous cheet wera veploced by roundod isolated cellsg.
similerly, typioanl fibroblasbtic stiains have bosa replaced by opitholial sbra

{Tvdovicl ot al. 1968; Castor ob al. 1961). Dunnebacke Dixon' (1957)

¢




?
2w
:

obsarved & chongd in sugeeptibility 4o polio virup infoction during such
£ %r@ﬂé?&ﬁM&tﬁ@ﬁ. ”%@s@ phén@typic aléorations ﬁamﬁia stable in
gupgooRont culturo. |

The tenenr formlog obility of o eoll abyain may olzo chonpod
gpontonoously.  senford ob el. {1984 Cound up Ho W0-fold ALileroncos
in ﬁi?féf@ﬁﬁ sbroing of mouso Cibroblests dorived fron one clonsd lino
uhieh 444 not initislly fovm bunourze  Tho Sumour fomming copabilities

varn charackorlabtie of ovseh abeaoin and shablo.

Spontenoous voxdation in tha kepyobype of eulbured aslls

tndintonanes of mmmnlian gells ia euitmwﬁ ofteon losds 0 on
elteratien in tho uawyobype {Sax ond Peageno,1961l; Ruddlo, 1961; ¢w, 1964 )
Phoso albeorations noy o produand by she falluwo of deuvchitor ohyomntids
w0 aoparveobe duving Givision {non-digjunebtlon) or by feagrentniion apd
ghwomotid erchasge o 0Re OF woro chronoeisase Kopyolbyole changss
soretines follow o vogulay pettorn {foven sud Blesole, 1958; Igw ond
Worchand, 1961 ); fLroshly isolnted oalls neually »otain the norpal

éiyi@id avsber {ceoh chvoumpsome ﬁaif&& ap found in woob oouebic epiloj,
but af%or soveral tronaloprs the 3ﬁﬁamaéam3 aumber nay dcublo {tetraploidy.
& Tow of ﬁha'%wﬁxmg%ﬁi@ sumnlonend moy o loodk aob Ghis obegs vopuliing

in ﬁypwﬁa@yaﬁlmiﬁy.. in obhey eall} abraing the modald numbsey romning
ﬁ@gf tho diplold bub tondsr- £a doviste from tho moda by ouo o 90

ghvomosomag (Y 1963 ).

aal ohwomatdd omehange may conutelbunbe b0 ponobls adppitoblion wo the in



o d o

yitpo enviyomuend, in oddition to tho povsidle effoeh of mebtation 2t BHo
awbmi epsacopie lovel. Howovsr, somd coll pbeaing saom oble o ndapt Lo
ggtggggg condidions without gross sltorabion In the hkaryobypo; ea in tho
Bhinose hamobor linas leolatoed by‘%@wgmniﬁﬁ in 1961,

The wosd imvortont lapllestion of swontoneous verinbtion o thet 4%
ey pré@ue@ hotorozonnons enll stvsling even mfﬁmw thae stening havo hoon
clonad {1.0. prows up feon pingla coll), ‘The dilPeoront levole of
erglnnge thet Hosbfall ot al. {1968) recorded in two sbeeing from ono
olons of mouse Libroblosbs Sillusterabtos this. Molo end Delerli (1963
showod that o gbralin oF huuen opitholinl celis conbmined spoma oolls
doficiont in olinling phosphotegs ond others dofielent in JBegluguronidaed

“end @lnooso-6-phogphnte Aonydrogennos, chowing bhat bhis obrein 4 nleo

hotorpponcons.  goeelap with low and high elloline phosphabase hove alego

iy

o

boon doperibed in Hols {oultured humen oorvicnd corelnvmn « Goy ob al.
1962 ) by ¥onlgsbory ond Hitoushy (1838) apd fox ond wacimod (1968 sud in
sovoral obthor gbrnins by dox and Maolaod,

;Ef guablo varianbs con orieo by alborablong Ia gono OXprOsSaLon
withont netunl gonobtile chsngos thon the mochsnien for thelr Lopumndion
may have on dupostond boewing on difforantiabion. Howsvor, the porb

“*

. plagod by mnbobion musb be opteblistod first. I o abgongd of guibeblo
Pocombinntion tochniquss, senobtic annlysiag of oulbured ¢3lls haos boea
Pagbedebod bo atbompbe 0 curralobo ohengos in onsmyme acbivity apd diuvg

rant at@nan vith ghronosonal cboreationd.




Quplabaneo Lo mabtabolle suniosusa

Hool gtanog %m@aﬁa@mlm analoguns hap bean produced in some all
Yines by cvopentod subeulburs in the prostnce of tho azaémﬁ@m Hougvor,
only ©esiagbant sbrains prodweed by suldon disorobs ahengos moy bg voed
for genobice analysis.

rgbalokl and Smith (1959} have clsissd o dugle stop mubablon
in the resistency of D898 howman bone wanpow calls 4o § uge/md. azosusning.
Roglotenos to ensthopberin in Mohowts 1HLTS 4‘3%&1‘5’;%?@61' mouse aseiton eeilg
i n one ghop proesam (Pichow,1990). ¥n othor secos the sologhion of
analogue vosistand veriende zoops to have beon gredusl, inplying a mulsle
obop ovent (Kt ob al. 19633 Suybelski ob al. 19613 Uebtager and
Hoskowitz, 1963},  Yiobormon end Ove {19659} doseribe the ovolubion of
a 1’3‘&3?@3‘5@‘@%5& ragtetond strein of AME B4 sduld wonbsy Lkidpoy eslls ca o
poauential ProOCIss.

in a fou eases cheonvoomal norkess ;éawé beosn sascelated with
rosioband onll Llase i‘fﬁmzzﬁm and Buddla, 1960, 1961 Scheseker ob al.
19633 Doflorli end Mole,1963; Hoenfgobowrp ond WMibowsky, 1963 ) bub in no
eane hag divect corzalation boon proved.

Ghnngea In onsynd aegbivity soconpeny vosistanes 4o mobebolio
aunlogres 10 many capeu [Swybelsid, 1961; KAt 8% al. 10685 35kold eb
ale 1962}, Inersens in Deglugose-H-phosphatose aobividty hag boon
aopealotod with recigbence 4o 8 »ﬁémwd}mgmmz;@ {Barban, l%&%} » bapbial
or complote loss m:i‘«thms‘r:me sonophosphabase with vosisboned o puring

analogues {Seybalakl ot al. 1968), avd incrense in folls acifl pedustaso




aﬁ.u

with aﬁétﬁopﬁar&n roglabancy {Schrocker ob al. 1963; Biedler 1963 ).

L2 warkor chromosomdg could be obbsined in such varviant straing it might
bo possible o esbablish thal gonos for spoeific onzynes were on bhoso
ehremgsomaa. Howovar, bthere wore no single step ovenbs leading up o

rasiebanco, or corroletions with chromosomal abnormalitlos.

Hutritlonal Vepiants

Altoration of the mubritionnl environwent of eulﬁuﬁaﬁ éallg hag
provided a furbhor eapproasch to the igolation of verieabs. A veriant
of gltrain Hola dopsnding on avdlum loctabo (Shang,1961), mubants of
Fenson sercoms ubilising ssporagios {Metoy et al. 1969), and incressod
glueose upbake (Bradloy and gyverton,1968 ) and othor varienbs with
glﬁex@@_uarbghydraﬁﬁ raquiremonts (Ghang,1957) have boen derived by
this moonp. Variand lines have algo boon preﬁue@d by altering the
provein supplomant of tho wediun (Saksela ot al. 1961; Okunurs ot al.
1961). . DBazynic changes have not been detectod in most of theso.
salksela ob al. (1961 héve noved a correglation of chromosone alberntlion
with growth of HeTa colls in diffawent human sora. (#se also Jakssla
and Sexon,1968), but this lacks sulficient spacificity to be of immpdinte

valuo.s

Gozralrtion of anzymo varlation ond kavyobyne

Theve have boon many abbemnpbs to corrvelato Lhoe deficioncy of
glngogo-6=-nphosphato dohydrogonass in hunang with aborrations in the gox

chromosomos {Teujillo et al. 1961; Bonbtler ot al. 1963; Goavtler ot al.




1633 Herks ob nl. 1968).  marks ot el. (1968} bove suggested thet the
auantitabive sontepl of glucopo-Gephosphate dohydeogenece way zopidso in

3

the Lechwommeond but that thore s o supplemonbery effect by an subosonal
fronge. - Thin conld seeount fov gome of the conflicbing roports.

Tho karyoebyps of olonos of Shorg culsured humsn liver ¢olls with
Aifforing alkelinvo phosphobase aeblvity dous voriebion in the aondal
auraberg, apd spoelfie maf&@?&.ﬁaﬁ@ bheon etbribunited Lo oaeh éﬁrain
(Ronigohore end Witowsty, 1963 j. ‘Ibisg is the leﬁ depet ok of chyomne
g0ma pabiarn wzﬁh ansyre agtlvity oo Loy weportod in which o gousnl
pelationghip of one with the othaor has Doon clmimﬁﬁ; As sueh &% ié oy
imperbant, bub further golsetion oxporinanbs and ?ﬁﬂl@ﬂiég aé& a8 00 BOAYY
%0 olimlnate the ﬁeaa&%il&ﬁy that the ogsourvoncs of cdivomoaomnl rbe
novealivios and onayne elborations eve eningldontal.

¥pio and Dolerli (19622, b) adophed a Aiffozant appronch Lo %he
problom. Thoy grew closes of o humnn eplitholiasld Iine in potrl digheg
aad whon éh@ ciﬁnas raturod, overleld tlom with ogaw gols contelining
&xff@m@nﬁ apaelfic chronmogenio enzymd eubabeotes.  Ap the Guaynd ¥enabions
walﬁanmé colousad produeta onch clone wen voprosonbod by 2 spob of celouw,
%h% inbonpity of whleh wpe proportlonal to the enzyme neblvity.
tmonSitebion 1s AL€01enly by this sothod, bub i% 1o pouseiblo do detovnine
vhich clonvs havo matdvity, ond wkleh bave nono or vory 1lidttle. ;i éﬁe
pear evorlaey Lo applied seovbleally 1% moy bo romoved 2240¥ nagay, ond
tho glonoa havvosbed and grown up for ovontunl kapyobypie atalyaig.

Thig provides a conveniont mathod Lo porcening nony Aifferont eoll gteosins




OE% o

for napy ansymag, ond eeloeting bhe wost pronounced adffepancus fow
@hﬂﬁmﬁ&ﬁmﬁ s iyal o

Yines aolocted by this progeduss spe ol progent boing ennlyocd
Lo corvelations of enzyme arxd karyobype. Results po far indieate thatb
4ha ﬂ@?ﬁmigm@y'mf alkaline phogphntase fron some styoing mey be dee to
@ﬁwamﬁgngl veplablon wethor Hthen %0 polnd mutelblong, bub as yot only
yrﬁliﬁiﬁaﬁg poporhs ave eveileble {(Dederli snd Welo, 3963 ).

:}V:?Kjﬁi“éa loska ond Seybalokl (1962) trenpferesd the obllity 40 ayne
thesisge inopinic nold pyvophosphoryloss (INPPasze) to e pell line doficiond
i5 this eneymd, by iogubabtion of the dofiodent llno with DHA Lrom on
DiPPago-posttive lina. However, thove ove nobt suflficlent dabe %o be suve
thet this syoaben ig cowplotely apalogous to PHE ¢rensforaeticn in Dacloris.
Fopbher gonotie anolysis and sulbeble roconbination teehnigues will be
waguived belors the effoots of mubationg osn e dlstinguiched Lrom ople
gonatic affeats ov contaminetion Ly vivuses.

%h@'?ﬂagihiliﬁy romping bhad ﬂiffax@nﬂi$%ieﬁ may o produesd by
ZOns TOProgsorn whi@& are bound t0 Hho gowe in tho uvndifforanbtiabed pitebae,
bub dilgsociste from 16 during difforandietion. A puraly ponotie baplo
gangod be eleined Lfov ivvovergibile chanses in ohvynd aablvity wndil such
a5 @nméakﬁﬁg pracass s Qlaprovad.

Howovew, tho oznisbones of vopiation in opayed ooblivitios bobuson
gbreing 1o g populetion has p wmoxe Lmmedinte eppileabtion in 4he peesont
work. ‘The posgible cesurvengs of apontansous changes must be kopb in

aind iu disoussing tho asdaptive neburo of ¢nsyme flucbuebtlons.




e § -

Lt

The ravorsible ndeptablons in eultured colls songidowed hove are
songsrned only with chonges in enzyme soblvity. Only thoss chongos in
mativiﬁy broughs abond by aliowebicns in protoln synthosiy oen be roe
@arﬁeﬁ‘@s adeptlee within the definition of the torm ae vwed in Degloris.
Tho eurront theory of protoln sybthesis is baged chlefly on ovidenso
pbbainod from basterin and buctericphoge sud mey be dogoribed briofly
ana Dollows.

The coding for bhe soguencs of anino asids in tho polypoptido
obaing of prodtein Lo debevnined by the soquence of bagags in DNA.  ‘Yhe
Tunebion of trensforring information from VHA 4o the site of protoin
pynthosis La obtrdlbubod bo RUA nnl the Traotion ropponeiblo ds exllad

mIHanngery REA,.

Tho abrusture of DA end %he eousbic godo

Botzon and Spick (2903, 1954; described the styuobure of tho DA
polecuis an n polyser of deoxypibonucleotidon joinsd by vhosphabo dicstow
Tinkegos ia which Wwo steands nre hold togethew by hydrogoen bonding
batwocn the base cospononts of the nueleobidan o Yorn a douwble hellx.
Tho boges in 5ho two gbwands oxo erpenged in sueh o way theb adonine
poles with %hﬁm&ﬁ@ and guanine with oysosing.

fogovbilnstion studios omploying mubstliouns in baobtomiophegy T2
naveo provided ovidonco thet Infermation mey be earpicd in DNA by o codo
of mislaotide btyiplote {Quick ob al. 1981/ nch taziplet ig hold oo

roprssent bhe dnsesporation of en aolae oeld dusdnyg probedn synbhosige
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Hivenberg and Watbthael (1981} and Oohonts geoup {Tonzysl ob ol
196k  spoyew ot &anlﬁﬁﬁﬁs by Basilio ob al. 19633 Jebhe ob al. 19683
Gordner et ol. 1963} héﬁ% yxeéu@@ﬁ sollefres polypeptide synthosis in the
; pﬁ@ﬂﬁg@@ of £o goll wibosomes, en snepgy producing syebewm, snd o aynbhoble
polymicloobide priner. Thely yosulbs suggosd 2 teipled eode of nueigoe
Hidon, o0l heve lod %ﬂ Ty Pc@?bﬁlcﬂ&ﬁaﬁ el mony triplet mucloobide

pegusneng Lox gpegiiic amine ncida.

In collefroe pyaboms DHA gon aeh as o oxlner fopr RUA gyathosis
{ochoa ob nl. 396L; Chesderila and Boeg,1962). The RNA produssd hae
ainilar boge rotios So the peiming DEA {(hamboelin and ﬁ@#@,iﬁﬁﬁjn
The drog netinowyoein I, which inh@@i%@ Biltepoimed RHA synthosls gﬁglaﬁﬁﬁg
ot al. 3962, fuhiblbs oll syntbosis of RUA in @ultﬁﬁaﬁ galls iﬁﬁi@h 0% a8l .
1268 ), although it doos nob inhibit the synthosis of BW in colls infeoted
with WA vivasos (Redoh 6% ol. 1862: Poson ob al. 1963). Thls svgeosse
whab aii DA pyabhogisc in anlinl gells fg QUL @?&m@ag olthoush seflnge
ayeia moy aleo alfest tho gtobility of HHA; ovidenss fov doorvonged REA
syabhasis con elsgo e invorpreted o 2&&&%&&@& 2Hn dogvadation. This
wiil ko ﬁi&@éﬂﬂaﬂ in o later chapbor.

Thove ape threo main emtogorios of naburnlly ocsusring ENA.  One
of theogy is the cblef congviluont of tho ﬁﬁh@@ﬁﬁ@ég and hag bege ratios
@ia&&m@%&é B0 the btobeld A,  'Tho aynthosis of bhig ffé;%iﬁm is probobly
divaobed by speeific &@ﬁm@ﬁ@ﬁ‘%ﬁ DL {Yanoloky and dpiogoluan 1968 .

Efter the piboeomsg bave heoen canbyifuged out ol o propsenblive




sudrosy eolubion, s fosbher AUA Pysobion vomeing in the supornsbont. Vhis
is soldble oy brensfar 8L end to 16 hes boon ebivibubed tSho fanedion of

an adapbor molagulo Detwosn aming aolds and possonzor HUA no doseribed

A furthor REL ig dotopbeble by isobtops isbolling. 16 is papidly
Iabelisd, of o bage composition gisdlar S0 DA, o5l apn be made to
bybpidise with DEA.  I% is thip foacbion which hse besn doseribed pa

wossonger Rk,

Frovoln aynbhosis

Pho presont hyvobhosls concorning the moshanign of proboin gynbthogis
Lo digovseod in rovioug by Uampbell {1902) sed simpson (2988, single
sbrondoed mossosger REA wiiteos with pibogonss, whlch olthor exisd frae
in vhe eyioploon or loosoly bound o the enduplacsmice weblewlunm. TPranefop
i, undor the influenco of scbivnbing enzymos, bocowss assveielod with
spine acids. 088 brapefer REA swnloosuls abtachos to one swine asid and
tho reaction ig detelysod by ono gmelfio noblvablng onsymd. The trahalor
ﬁﬂﬁm%miﬁg aeld gomplox thon attachos Yo & spacllic olte on dhe wvssonger
2 molesule, which ig ibagelf attoched o o yiﬁ@@aman Following Hhig
g fupther RiA-amine oodd complox atiechos 0 the nogssoaser RNA polyaswy
in on adjegont poeition to Bho fivgb. Abteshwent thon procoeds
soquentielly, sming sclde boing erpenged along She nosgongor RS soloeule.
 Hhen an ordno aéi& bogowse abisated by its brengfoy THL wolsouls
H0 o speeific site on $he mossongor REL, poptide bonding csourg bolbwson 1t

apd the adjscont opino aeld on tho mosgongor ML, A Frosh salno acids




al@} e

ape atbeshod, the polypopbide chein grows and sopsrabtes from the wwesonzop
ANA g the %w&nsﬁ@r HHE woleculos bocoms detachod,  Ag the polypopbide
Lo only athachad aob the si%@ of polymorlontlon, soveral polypoptides moy
be m%ﬁg@h@ﬁ Lo one messoper RMA 9% ono tius.

i,&m&me aeid incorporation into probelin @?aa@@ﬁé ot 8 higher ood%e
wham-ﬁ%@aa@maa nYE aﬂaﬁ@iaﬁmé in grovpe keown sg polysomes {(obbtotoln ob
al. 19633 Stechelin ob el. 196335 Noll ot nl. 1063; Jslmusrsen, 19653
Foiunan ob ﬂl; 19635 CGoollman ond Righ, 1963). El@@%ﬁ@m mierographs
confira thy nssosiebion ond show a thin gbrend gonpsating the ribogones
in gond erpos (Mol o% el, 1983). It ia thought thabt vhis voprosents
sovial gynbhesip of proboin Dy succdssive ribosores p&aa@ﬁéiag glong 8
HOBEeNEoRE REA mﬁrm%ﬁ {Goodman ond Rich, 1968). Whon @@lyﬁamﬁ propnretion
@Eﬁ treebed with RNAgo She masosiation broeks down loeving slungleo »iboe
BONOH Ldlmmareon, 1§§3; dotboboln ob al. 1963,  Acbinoayein D
ul%immﬁexy profluoes e docling in bho nugbor of polysomss, implying thed
a lobilo, DA primed RMA holds the ribosomes topebhor {Stecholin et
ale 1963),

 The &ym%h%si& of diffepent veoteins iz sbinulsted by nmossenpop
REA aynthesised ab epeellice »oglons of the DNA apd Sravsported %0 the
#ibopgoneg. Tho soouonso of basos in ho nosgongde ANL detevainon the

abure of She protoln o be aynbhegised.

Bagtordnal sossoncor BIA
#hon bacstopriophngs infacted brneborls ave exposed b0 wodloooblve

procurecrs of ANA o papldly lsbelled olomend cen bo identifisd {(Volkin

.
»
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and fobeaghon, 1956, apd this oventunlly sgeosirbos with the ribosowcs
(ﬁya§ﬁ®$ ot nl. W61},  Aftor the apooavence of aetlvity ot the mibosouos
ayabhosis of Phoge apecifie protoln boping (Bronner ob al. 1981).
afaetion is thorelore folloved by wopld gsynbhosin of o phnge spoolile

")

mosganger vhich sbimulobtos the synbthosisg of phopo ayosific protoin.

: ?h ehwd low aeblve Trastion, of - moloculer welght ponpavablo o
Phags ﬁessasg@r, has beon found in bactevin ﬁﬁreanmw 0% ale 194613
Grog b el. 180%). This RNA is Iebile and will hybeidico with homologous
GiAs et tho appropricte momwsiuva gonchnbyabions, 1t will Lows an
agspaliation with bg@%ﬂyiﬂl #bosonos i&w@s 0% ale 13&13; - Thoyo le styong

ovidones to sugeoed bthnt thie RA Lo bacborinl rossonger {Tlesioves apd

Hopking, 18461}

Legsoneon W in animel eello
#hen aells aﬁé &neuﬁa%@é with wvadicasgtlve WA p&a@uxﬁ@wa and auboe
vafdographs ave praparced at intervals efbor Lk introduction of igotong,
0 ragulayr petiern onorEesn Q@m&ﬁaﬁ@ﬁm ond Micow, 1989, 186E0; Awsoo eed
Toblond, 1960; Fitzgereld and vieishoihkul, 1980; TDeoscobb, 18603
Fowry, 1961 ). Emﬁ%ialty ﬂésivity io oprond ovey bho wholo muelouvs, bub
véry shorbly (o, Sé minge o 1 houw) 1% booomoa pavbioularly concontrntod
ovor The aveleoins. Gvedusily (1 heur caverds, the ootivibty appsave in
tho oybonloasn end goon inoraaptg, bAb 1% yomeinsg bolow thet of tho muél@aa
{5r@m&v&smm @b 0l lﬁﬁéa Horels, 1983).  olmdloply, if samplos ayo tokon
at rogulow intovvals after labelling and frastionntod into nuelel end

ayboplaan, an acowwintion of aabivity la chaeovvod fived in btho nuclous awnld




later in tho ayboplosn (Poul and abreubbnrs, wpublished .

B RMA da extbtinetod from cells, which have beon iaauhg%a& with
raldioagbive prooursors, ond gentrifugod in ¢ suerose densiby gréﬁiaaﬁg
the label in'%afly ﬁ&%@l@é ﬂgpﬁ@ém in %h@'ﬁﬁﬁwﬁéﬁ ragion of tho geadionts
gafah@m S = pedinentebion wato in Svedborg unlis) ond in later smuplop 1%
appoars in the 6853, 349, and 4% voglong éﬁ@ﬁaﬁ&ﬁ% a6 ol 1963). Thoao
lagh %ﬁf@@ poglong goveespond Lo w&bﬁgmﬁal snd %éaaaf@w BEh, which mole
up the bulk of the REA of tho ooll, a1l ar $ho ﬁ%@@i@ ﬁﬁ@ﬁ‘iﬁﬁﬁi$aﬁ in
Bho mé@himaﬁy af‘ﬁraﬁ@im syathesis. ‘The 385485 ﬁaﬂimaﬁﬁﬁag RO
@faéa%iy gorrogponds Yo bthe »epidly Isbholled muolese Praction mson in
autoradlograins.

The kinotics of ARA fLormtion snd agoummlation in vaeioun porbs
of ¢ho soll pozait postulstion of o muolesr ovigin of RUL 45 nost coans.
TP 4, howover, nobt poseibleo 4o prove bthn proeursor relationships of
Gifforont frooblona vatll Indopondent syntbssis 1o nweleus, nusloolus,
and cytoplasn, ob dillaront vatss, baeg boon digproved. 0 olinineis
the aynbhosin of lebollod R whileh esemining the fate of o shorbd pules
Iaballeod feaotion, many woerkers bevo woburped fhe oolls %o uvalsballed
mﬁﬂi&éﬁﬁﬁﬁ%@iﬁiﬁ@ an azeepa of the unlsbollad procusgor w0 dilube the
iebolled procuvsor vool fe.p. Goldstoln and Wicow, 190693 Paylow, 1060 .

Host "puloe~chees” oxpovinents ghow o almlilor patbern b0 bhat desceibod

above, aad the hinstiss are compeblible with nucleosr origin of cytoplepnia

0.,

Thoge rosulls ame gubjiedt Lo gserbain roporvobiong. Tho effectivo
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T,

@ilgﬁién:éf‘%égiaagtiviﬁy in the RNA precursdr pool during tﬂé chnsa
@ap@nﬁé3$@-%B@Iagmmmﬁﬁiﬁm-%haﬂ Treshly absorbod snlabelled prosursor
is iﬁé&@pﬁfa%@ﬁ into BYUA s roadily as mﬁclaaﬁia@s liborated into bue
pOOL 5$%EN& dogradations IL BNA gynthesis uses degradabion profucts
?f@f@?&ﬁ%iﬁlﬁ?, then synthesin of 1abeiled RNA will continue during the
,ahagéagi;Th@raf¢ra, the apparance of label in aifPerent WA fractions
doos aé%-nea@maarily m@an;%hawwaggﬁgﬁ% of undograded BNA bo thogo fgaeﬁi@ng;

yﬁﬁ@ﬁr%ﬁ@-r@auiéé of axﬁ&r@mamﬂa dosigned on bthe pulso=choso
g@iﬁ&iﬁi@i‘ﬁaﬁ&iﬁ £195%, 1968, 19830) oleips that the bulk of nuglear
Ridn doghys withont pasglng o the oytoplacm, ond the label thet appears
in the oytoplasm ig indepondontly dowvived (Havweis nod Tafowr, 1963).
H&rri&filﬁﬁﬁb) maintaing thatb %&5@@ lg 2 gpoeific RUA degrdding onzyme
la@a§3@ in %ﬁ@ nuelous, and abeons Lyow the oytoplasns He has suggestod
élﬁﬁa}uiha% the predominant function of this lebile aucloar fraction may
be o aght na tho opigonotic r@pﬁ@@m@? &ubs@ane@ ag in tho gohons of Jacob
and Monod {1961). He also sugsosbod thebt if o part of this fraction
Tunctlong as o messenger 1t does so by ﬁﬁanx@é&pt&@& of the mospage atb
the anclear ﬁ@mhran@<éh to ﬂﬁ‘ﬁﬁﬁ.fﬁﬁﬁﬁiéﬂ gynthogigod in the oyloplagm,
.ﬁuahiagﬁraﬁéa?iyﬁiaﬁv@rmaasa, baing BRNA primed, would be ezpeated to be
&@%inmmyéiﬂ y@aiéﬁan@, but n@’sgmﬁhaéiﬁ sompabible with this has besn
demongtrated in $ho oyboplasa or ab the nuelear mombrans, except in cells
infected with RNA Viruses,

“hodinonyeln D fnhibidtlon of BUA gynthosis hes beon umod b0 limid
She g}mwﬁ of ine;:m;pﬁmmmx of Iabolled pescursor 0 & ghort pulse, go

that tho movemwont of the labolled fraction sould be traced in the absencs .
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minusos §0 obioln 95) lrveversiblo fahibibion of REA mynthoesls in
cultured I colls {(Peul ond Styuthora, 1963}, Wven afber this truotmond
ingorporavion of BUA wroouenors into aceid ins@léﬁl@ mpteplold ooy conblous
in bobh welous end oytopiasme  Much of $his moy bo bowmainal oddidion
of cytidine on to ewlsblng dransfor ANA {Worits, 1963; Taul and Strubthorg
unpublianod ), bub subsaguont stwdion hm%& shovn jacopporation into
vlbosomal BNA 4n vavying anounbs {Ponl and 3trathewrs, wopublichoeds
prosent »osulisl.

Schovaor ob al. {1963) and Tomaoki ond Musller (1963} chisined
an incronss 1n vibogonnl aotlivldty accompopyling o doorassee in thet of
H33-405 goddmantling WA in o presence o D uge. ml. aotinomyela.  They
intorpratod: thig as o translor of vndogreated polysey Leom the ropldly
Inbelled fractlon o globle wivosomss. Howevor, &b the concondmoblion of
pabtinonyoln Shet thoy. uaod, REA gybthogio con suatioug, and the Poe
ingorporation of degredod fopgnonty oY woneausleotidos cannot be cueluded,

Compardson of Whe bape Mibios 0F the ropidly lebolled feeotion with
those of DHA (Sehoreer ob el. 1963), aud the fepsation of hyhwlds botweon
papidly lebelled REA and bemologous DHA {Jeheprow ot al. 186%; Bagon
By al. 1963 sugeesbs thad this fysebion ney bo wossongor GNA,  I6s
gorrespondonss ¢0 tho bullk of the DEA woeuld enable 46 €0 corky a weplicsto
of tho DNA sode, obisipad by bhagd palring in s slwller manner o A
raplicntion {YWabtson and Cweisk, 1984).

Before vapldly labelled 204 of snlmel colls onn bo gonsldorod
analogons o nossongor REA in beobteris, its moveoront %0 the eyieplaan must

be provel.
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onehees in ongyind agbiviby thet do not invelve protoin aynthesis

Tn addition %o none-ppagliie offecto of pH, tonpoveburd, opbsiyvals
ennsantrotion, ond the psosoned of co-Uaohory, onzyue activity io avkiaeh
0 othor forng of apaelfic sontrol thot do not soguipe eny alisration
of pebtoin syn¥he sl .

The preduct of o Penction o serloe of vonctions may Lahibit the
-mis:i,v%y of ofie or more opayras ia tho sories.  This lp kooun ag o0de
back inhibliion nud ia distinet fyon vepreuslon which involves e
'@&x‘ﬁiiﬁit&ien in tho synthosio of tho enzyme. Tosdbaolk inbibidion lsads
R4 mﬁﬁéi}ima of Bhe eaie of o ponction when the ﬁ,nhihm@w product
mmm;gfg,;a toss  For oxomplo, Govhars and Pasdee (1962 ) dopgeribed an
@:e::amp?.;i of Losdbech dnhibi tlon in the syhthesic of aytiding puslootidss
Tasy Lound ¢hat ‘a@ms;zmla tion of eytiding vwiphoaphoto inhibited aspartate
anbopeyibronatornnn, whish enbalysoy tha fowmabtlon of eaa&bmtwl aﬁpwmd
aeid, fs'_-)" pracursor of uwdding ond ey ildine telphosphatos. Thoy
domouptratod that the Lnhibidor beeums nesceisted wivth tho ensyme et o
AlfPoront site from svbotato.,

I% i impontent to dlotloguioh chongog An onsyns ﬁa{}%ﬁ.vﬁ'@f invodving
the amount of i;izd@i@zyrm from thons invelving n changs in gntalytle
officioney. Yoncontrabtion chenges noy bo caused by inkibition ow
abimiation of protein syothoaia. Tho stimeulus ig ofton svbadeato op

product, nad othor non-gpoclfic factors, such sg hopmones and lnoppanic

jong, moy alcoppuedticipate. Howsvewr, disnges in the consentiation of




aasyuos nay olao be offockted by the prevoation of degradation of lobils

onzyros by subatrate (Dwbnolff ovd Dislek, 1989}, 4f the onsyms noxanlly
AEhibi l 8 high fuioves b Slatlavly, the cetdvo vhmovel 6:&” i
aneyin {oe.e. glutanyl trenefomps dn oultured T sells {Poul and Fotireld,
1963 )y wmy lower Lbs conconbention. Jonsomendly, distinetion botwoeen
annync adapintion end othow typss of contwol nuy only be made by
dogonabrneing on Inerescse oy doovsasd in the rale of protwin gsynthoalis
in tho responso bo a gpeeifie mtebolie stlmnivs.

Finally, epontancous ippovorsible chonges AR onsyss aobivity,

dlaonsgsed eaviier, mugdh bo distinguiehed Lrom poversible adepitation in

whe progones of o glven abimylun.

Anavno atantadlon dn baaiavio

AV K WL

Bvidoneo fop mbebeollic conbrol of eneyme syntbesis hos boon goined
a:ah;im:?l"ij Lyom hactoriel nystons suchk o the eubsivato induged pegalociow
sldoee nysbom in B. goll (Foooh and Honod, 1961) snd tho poniciliinuuc
of Broiling eoveus (Rogat, Polloek end Pwidgoll, 1909).  In bhopo systoms
nad in the ropvession of Suyptophan synthotass [SGohn end Moond, 19483)
mpd arginios synthowase (Vouel, 1961} in B. gold 1% bas beon proved
gonclugively thed during sdeptotion considersblo elibrations ln $ho
asynthasls of spoelfie protoino oy ocdur in mlopoorganlions. Hhon
fegaloeiosidase ip induced in §. goll by Jegalactocido a 10,000-fold
incrensd in ensyiv {wove thon &7 of the toted coll prot: 3&31} 3o produsod.

The anslysie of sutablons in the Jag voglon of the Be goll

ghromosoma dndd catos thabl soporato somws contyod the atzueburo and raio
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oL gynthaals of Segaloctosidass. Two mutationg producing high and loy

nan—inﬁtaibl& lovdle of tho eonmyms have boon identified adb losi ﬁifgeaant

1"\

2hom ohn structural gonose Tio willd typa of pach is dominant. Huba tions

Ty

ah th@s@ iloci as well as @onﬁfolling whe onqraniau of the @-&ﬁlqﬁﬁﬂdxﬁﬁ
%u?&@uﬂ?&l gono, also eonirol the agovqtlﬂn of the styuctural geno for
p-nal ﬁbﬁdjﬁﬁ acotylage, whjeh is elna@ly 1&ak@&¢ The vatiog of the

ma&ivihiaﬂ of- the twe enzynes vemalng the sang in induesd and in none

%

inducod states. ?yam vaconbination analysig af mutants of tho sbovs

mypa, Jacob and Mouod {1961) have fovmulpueé it} h;goiﬁa&iq Por the rsgu~

g

labion of pm wln gyntheslas Sub aoqwm Anves tj gﬂtionfx of m@mhmuc
ﬁmntrol mﬁchanisms have beon bazed largely uvpon this gehems end it may

afes briefly as Followss

>

-:Tha abructural gonas deotermining tho zeqnmﬂa@ of anino ﬂcidk in
indiviﬁual proteins ame localad in the DEA of tho bacﬁarial CREOMOSONE o
The @yﬂﬁheﬁis of pach onzyno is dirvectod by a mogsenceer from a spsgifie
gtmaeturol gene.  Struetural genos, dotermining the synthesis of sevmfal
ensyncs in one metabolie pethway, may he controlled by a single oporvator
HON e f The operetor geus and the velaled atrustural genocs are clogoly
iinked, and the. linksgo group is knomas an opITOnR.

The sebvion of the operator gone is wnder the control:df a
regulator gone. This geno, not novsegserily. loeatod noer tho opercon,

produeay a roprossor substance, enﬁaole of intibitiog the fanctlon of

the operator. Thig slmvlianeously peprosses synthesls of msasengers

at all tho stvuctural genss 11 Hho 0DOPGN.




fnayne inducers moy Inhibit tho action of the reprassoy sbatanco
prosunnbly by coxdindog with 44, ond honao allew the oppyator pens o

indtiate synthosis of mpesongers ab. tho strocturel gonns. Uatabollo

)

QBRI mm@%m may ingronpe e officiomey vwith which the wor 130.‘2;&%%?4}‘
gaxx!a::'sr?;aifaé@ from tho eagulator gove inbiblts the funcblon of the opseatop
eI Alteraatively, metabolic popreasors may inhibit the operstor song
éimeﬂye _‘}Z‘“i;@ insoraation of mo ?zn}m lie inducora and coprossoyra with
the astion of the moproggor suhetongs of the rogulator gons may provide
the moshanion that onublos Cingbvations in the potabolic pool to altow
auagndd tati valy the pynthesio ol 1?;3&’5%3'@{355 he, ond congoquonily the
geblvl is;{ of spoolfic ansynia.

| Juknboline vancblong are i‘mqmniﬁy controlled by ensymne iaduction,
while ansbolice vopstions nvo moro ofton condrollod by vnsyns reprcasion.
Pagolecrosidass induotlon in B. gold is on oxample of induetlon of o
aatnbolic resction while avglning (vopel, 1961) and teypiophon [(deha and
Monnd, 1983) syathetepes ove snabolic ond roprossed by argioine end

teyptophan ragpaotively.

Bayen pdantoiien A nmkm) collg

It s poasidlo thet o alnd lay gystom o thav Lfound in %Jaatém,fn
may oxist in aainal eells o pormld thom o difforontioto cad adapé w0
webabolle flechbuobtions. However, considerable meddficobion of tho
pachanl sm would boe requirad es the wenge oF condd tlong producing ehayme
adaptation in aninel colls appoers € bo much vider and ineludes hbrmoaos

prd AllToroncos in ommolarity {soo balow)e Who noessanwy wodifications
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sy invelve tho operon erd the repulator gonsg dlrvectly, or wy be
pioduced by anclllsry nechandons; 0.8 tho Tunebion of thoe gones mny
Lo izsi?ﬁmmcaﬁi by tho configuvetiocn of LDHA o3 tho prooensa of histone,
and the Tungblon of mpssongor REA mey bo :m'ﬁ.‘luémca& Auwring deonshord
te the gytoplasn, op duving attochnont o ribesonos, g posoiblo

connpation botueon the cosmlesity of amlmal 62ll struetuso and nodivie

entions o the adopbive mechondan wAll be discosaad in o I1nter ohapior.

'}"';" AR B PN Y
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The offeats 4o be doseribed laber in this work, ars oll on
incronsof gsynthesia of onesywo, or induotion, but it ig worthwhilo noting
ab thic giogd that vopraogslon of snpymd syndbhosip 2lao ocours. Gox and
moeieod (3965) desopibed tho vopvopsion of elleline phosphatasd by
eyeting and eystoin? in humsh goll culturas, end Dolnpg £19é553 } Fovnd that
glutanyd tranoforage of streln Hole wes ropropeed by glubemlas. This
wag Anvostigotsd fuethiore by Poul end Fobteelld {(1963) who described the
kinotics of the systom in 7 shrain mouss Libroblapits. Deglutanyl
spanafnrann wap activaely syntheglsed in tho sbaonan of glutenming opd
nahd v‘aly dogradod on Bhe poturn of glubardng 40 the mediune. Tho incveass
AR Qnmy w3 aobivity in bho sbhpenos of glutomine wuse inhibilied by Bepzge
guening and fluovopbenyloloning. This awggosts that tho Llucbuabiens in

anzyes cebivity woro dve to sliorations in pmtelin gynthosis and wvose

ot due 0 foodbogle {nhibi i on.
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Me,zu'e.wtggggﬁmm i eneume s,%rmi%?‘z,w in rosvonse bo dlog

Ghanges i fﬁmym'z setivity in m}iis,m;? plasues hove been prodused
by slteratlons En the dlet.  Chonges in the spobtein fob and a::?z.ﬂmsé;;ﬁ%
content eldor thoe subivi by ol wad ymguafm,t.m nayies Brossman et ale
1848Y:  a high 'ggz’é?@‘i';ﬁmfs% dict eaupes an fodrenas of all the ures oyoelo
angyras (Sobloke, L061, 29088, b, :M;;éié?:}- syd of 33%% wy anid onidone

{Imedy end Feldos, 1800}, Changes in tho convendrsbtion of boxopos in

she dieb preduds flueivetlohs in the oarbehydeate webabollaing o ’wg )

I;i’:, o and Shalloff, 1989 Freedlond and Herper, LOG7, 1988), mbsieate
gpaciiie In some cbhsps.  Thess will be dlsousgad belw
Momt of these ropors b ave of T ogeneral dunderest oply end lagk

ﬁvi.ﬁf@ s el m:*e:ai; Ao synthesis videh would Indicate vhothsy the chenges
m gugyne andivity vorn dus Lo an inoresse In ansyme concend m’tmﬁ 0

R

mpRedy ko pebivatlon of existing enwrnes. Howewvers the wesulis of

Sehime (1061 5 1868282, by 1U83) on aygieane and obbor uwwen oyole onsyoos
sugrest thed e indfensed m“e‘\;i‘mmy do dug Lo du nove engywe gyndhesis.
He was unoble to de az«:ﬁ‘;}e whrate any ixzﬂ uaihion by addition mubsbrates Lo

ddet {(Sohlnlkn, 1065}
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Flustwations of erpyue ostivity in rosvonso 1o hopnopss

Flustuobions of ereyue ootivity in rosponso o hopmonss
AUTPHUBRO LG UROREL G BULNRONS LHLIE 8% Bihs LYGGF AR tple

iaﬁm%ﬁﬁyﬁﬂ@m@-{%ﬁ&@ﬁg éaﬁ Avivi, 1980, hove beon shown @ ineroaze the
netivity of glusoso-Sephosphate noiabolising onaynes, =68 beyptophan
pyerolnas aobtivity hos boon incvoesod by insulin, Lndopendently of
gubmﬁﬁéﬁ@ and adesnal eeblvity. (Schor snd FPriedon, 1988). Tho ¢ffest
ol mﬂﬁéihﬂﬁmﬁﬂﬁﬂ and additions o tho diob moy be duw, at lonat in pearet,
L0 &%@éﬁl@hiaﬂ of tho sdronals, as Holl groups of edronal hormonas have
boon shown o infivonce onzym aotivity, both ja viteo {Nitowsky and
Horng ;%63; “Gox and Mecleod, 19628; lelo and ﬁﬁﬂarlia 1963 end in vive
{Knox and &a@?hamhg 19853 Raoox, 1901;  Roson and Wilbholland, 1963%;
traongard ob ol. 19683 Hoson, 1963; fosen ob al. 1963; Dlotwlon, 1964j.
Inoreasss in %ﬁyﬁﬁﬁgﬁan pyrrolase in resvonss bo cordticostorolde
have been obieined in ved livor (Knex, 10813 ¥nox ond Auervach, 1985;
Rosen éﬁﬁ ¥ilholleznd, 1983) ond inhibition of this offeet with astinoe
myeln I pnereste thot 1% invelves zﬁ@%&i%{%éﬁ};"ﬁﬁ}h@ sin (Groengard ob al,
1@%3},'7 similevly, cortiumono has boonh chown o Induse Byresing mwinoe
sronaforasd {ﬁﬁ@ﬁﬂg&@& ot o). L0635 Hogen apd ¥ilnollend, 1963) and
nlapine aninotransfarssd {omes ob sl. 1963, Inccoasss in the legh
gonld ot be producsd by subsbeste in the pbaoucy of bydrocortizons
{zén and ﬁu&xe 1987, but tho offsots of substrete snd sortisostovoids
on teyptophnd pyrrolasgs soom to be indopondent {Knom opd Averboel, 1908 ).
Simt larly, induction of Zauthine oxidaer oocurs indopondently with zeabhiis,
histomine, and soptipone, and ig abolighod in osch opsd by othioning |

(Diotpich, 1964).
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Alimiine phoophotand aotdvi by e besn inovsaansd by prodnd :;in&g
in 203l oulftares faow sovowal speeios (Uox sed Waoelnod, 19685 iolo and
Datieris, 1963}, spd Mitowsky opd Hors LRG3 abowed that e insreass
iy paronyain gonsitdlve and not duo o aotd %?z’x"-'z%.m?ag

Theao 5%3’1;, nre peg of dapoeioncs ood only An bholy oun elehb,
but alen io eonlyoiog rouulia Hrom ig vivo vaporironts ap bhoy Lmply e
many noroofos onil alfeob onwyro aynthosis. dousocuontly, oewe mued o
Tokon *Lc} areludo e eoblon of tho ondooving ayston uhon efditlions sre
wade o the dLob of oxporimeniel euimalo.  deny forap of cxporinontold
procedurs moy couse sbross, ond oralng hOovnond Pogponasn Wy aendvad

the igtorprotebion of An by ovvesdemibie

A ATl

ghoneas in onsyen oeblviby eeoduend by aubobes b

AR

Tneroesos in onzsyae actividty aan bo produesd by bobth esubstesdss

B

BRd Mornonos,  Although hormonsed indactlon swy ploy an eaunal op groatop
pars An animel medabolia wrognloblion, 1% la caplor Lo conpays mabshoots
effasts with feduotlon In bootorla. I€ cogeme induoebion An sunimols vno |
Gapdvad from o simbise noechorden b0 thet Pound in bepterin, thon oubsbtroto
induation should de found o bo whe baple wpocess i seinsd oallo, and
horaoned, dodeobion woy bo o ondifiaontion of 1¢. Poyr this rosgon Gho
prRyprieonts oF the prosend popord wowe limited o the offeocis of subslrotos
The inopensod eabivity of sopthioe oxldnee in LD (weconch o
santhine (Diobeich, 1954) hoo boon shown 4o bo due to protolo pynthoois,

by i..m*f arass in t;a}jg} ophan pyveclons. eatdviby peodusud by pubstento do

pod sappsnr w Anvolve protoln syntlosls obow the monrel loved { Bogan ond
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nilnelland, 10833 Geoongoxd ot al. 1068j). Hdonosine dosminase lnewcanss
in ehick crbzyos on injectlon of sdowosine into the sip see {Gordon end
%w?mm 1958 ), end ﬁ?.f.mac;aaéuﬁ spheaphatase and frustosa -3, G Giphosphatose
of vat livor inovoase with high glucose, Cractose antd galeetose in thao
dlet {(Fresdlant el Heypow, 1989, 1908; Piteh ond Chellkoff, 1999},

Thore was 10 prool of an lncronge 30 proteln syabhopio in anyg of thost. .

Tngvongon An tha aotivity of ho auaymes of oulbured oalls

2L s S

ogio ot ak [1987) popovied that the mmmmsm of eul msﬁmﬁ oolls vas
auljoss to adapthtion in o Trooly rovorolblo manns s.;, ond demonstvated
thod an ineronee 45 phonylalauing ky&i@wlm&m netlvity of a publiag &i"
Hele golls wag 1nhibited Dy tyrosiba. Yoloowan ob ol. {1960) pepovted
inoreaned aebivity of thymiddng, %Ezgm’aiﬁylim and thynidine diphosphate
inpoes An % és*%}mix; r-%«m;rs' fibrablasts grodsn in *May‘mimm.

Aootyleholinostorese activity inevessos BeD w018 iggg i iro dupkng
inswbedion of ehdek lung With aceiyleholine for 8 daya {(Buridalter, 19575 §o
Acotylenpling and soms of 3 bs dowrlvetsvon peovonh thy broshloun of
@m@wfmmi:&.m%ém% in ozplanted obicohk im@ﬁs‘ﬁ%m {Buskhalbor, 195% ),
but dhiz ostorese doss nob appoair @ bo coapereble with tho bealn
@.w&yi@wlﬁ,mm@mm iiﬁimmamwg 198%). A ppontopoouvs iporpepso in
acobyloholinestorone bes boon obbalned in chiek inteotise ip vitey ond

appsars o bo due to dg pove proteln synthosis {Buvihaltew, 1063,

Tt 4o posgiblo thet the opondencons lnersascs chisined In onlbuwed 1IN

solls {Purkhnlier pors. eomme. ) aws dve 0 similer odepiive chenges.
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ttrell (1962} hag shown that spontensous Fluctuation of ecld

@

ph@a@hatzsn actbivity obbtalned in aul%ur@ﬁ % calle is corrolatsd with
the grswﬁn eyele of tho cells. Aetlviby is low afdewr Lﬂangfer ?&aas
ﬁuﬁim loh phage, end r@maiﬂs congbant dueing @tatioﬁary phase. Tho
iﬂeﬁéﬂv@ of alkaline phosphatase astivity of soveral sell linoa Lroun
ln msuia Wi th ﬂlfseranu solubo conconbtrations is appayontly duo to changes
in oﬁmﬂemc wreﬂsufa; vobher then alisrations in tho 10aic balanéa of tho
lﬂu?ﬂ* and oxtracallular fluld {113 bowaky, Horz and CGeller, 1963).

-’n11aliﬂ$ phogphatase nebtivity alep increasos in e progoacs of
@@gamié ‘monophosphatos (oio and DeGorli, 1963). This iacéaaaa Toliows
bh@ snmw pabtiarn as that p?aﬂueoé by hydrogoptigonss siralng with low
aamm&ugaﬂ aetlvity oxhibit the lneronses whoroag atyaiﬂsvwit& high
uﬂindﬁcaé aghlvity Qo ﬂat; Thﬂlinammmsad activity in high osmotic
wanﬂicn !ﬂiaousky ab al. ]9&3) was cbperved with both high ané-lew
@@%iviﬁy lines. The sazyne knowa as alkeling @h@spha%as@.ie probably
a graﬁp;cf ongymﬁé with pH optime in the alkeline wense, and this, in
eaﬁbinﬁ%ien with ﬁh& appareﬂﬁ dlvoraslty of conditlonz that ﬁay affoact
aikaliﬂa thﬁph&ﬁﬂ&@lacﬁiViﬁy, makay alkeline phmgﬁhgtﬁﬁé a complexr systom
o work wiéhe |

Although fooding arginine 10 »alts does nol produce increasss in

avginage aotivity {Schimke, 1863), subbtrete con bo showur 0 induco
avginase in culivred Hola ond RO liver cells {Schimkeo, 1968¢,1964).
The Ingroagses im~amtivi%§ that Schimko obtalng vawy fron 1.80 in uncloned

oTa colls o 85 in HoTa clone Siel. The abgence of sinns of activation




e 88 -

in asseys of mixed gxtroets Trop . oubsteabs tronted apl control ezils
inplies that true irdustion 18 involved.

Hioin iwa&%} mainiained Yhot BNA {yoast) iz poquivell Tou the

L

ga’&ﬂmﬁéﬁ!&m of exgionge i viteo by subhebteebe. She supgosted that 1%
‘ m?g*&u%m ropuieed to melo up o deficiency of btemplatos Lovnd i 7 e
¥he ia}jw%ﬁm@ of hylrocortivons ent yoost RNA, or muoleobides 4o similaw
proporiions to the .xaw?@ﬁﬁ dog of yonasb RN, produson a grootor Lneroess
m ﬁ;gfi@gﬁ.m gokotoglutarnbe twenneosnd none of Eﬁsﬁz Myor then h;gﬁ;aazg@xﬂ%mmm
along. (Diomondotons opd Thiewmok, J1968).  Biw (1963) oloimed thet lives
REA inducod Szyptophen pyraoloesze and @313.%8&35@@@w@?ﬁsﬁﬂzﬁm‘i‘a;ﬁ}}ﬁ% sotivity in
ageltes esile nowmally locking theoss onzymen, and kidpoy REA selsotively
Cdsfnesd Tepploo nepld omideno. Ho mazﬁ;ii%mi&@fi that the affosh was horitable,
and produscd by loteceotion of the f@lﬁ@ﬁgx«s SEA with bhe pative DI in ovob
5 way %aczs 0O QENHO %a}:aé; DEA 9 atard synihasielng g};}fﬁ&‘;:&:{f’;&é templatng.
Yhe slEniflosnce of Yhooe ai:iffi‘@mm %3’“1 ings io herd %0 dotopndiiv.

T the courne of & survoy of oowyme sobivities {voportsd in the
_li%sarssi;a.?fg:;si‘:’,}&sg@i&i{m} m»gg::;‘m@ WG ﬁi’w&c& ‘;E’:ﬂ! bae lecking in suliupod IHLTEY
f%;ﬁa;p}a,éﬁ,é aeliy *ééh:%liﬁﬁ it wos pronent in tho zons cells opoun as an aaeld %;mfs

fumonr in DBA mlog.  Peoul ob al. éi.%}é%d;ig} ven abLé %;za 3?@33%{ this obaorvatdo:
and Toupd thed ‘-i':ig@ Lnoresse in aotlvidy ocourred in the Pivat 84 houws
albtoy 4 smé;&;}%ﬁm;azéi bnio the mouvae peritopewn. Whon The ¢ells wove peturnsd
w0 mﬁim‘v Anegibee be found that the apglonse seblvitywes gradnally

R L R O e R L E S A




Ao argiunge could not ba induend in this busewr in vityo |
{Potorell, porB. oomm. ) abiompbs wers made o induse L5 in othop
gultured coll stroios. Arginsse aebivily in straln Hofe increassd
Red«T0ld in the pragoncs of 'smggi.aim@ alone ond over 1H-Lfold :i.ﬁ £}
sorbinntion of seginine and oither oibeullize or ornithine. A similar
inevosne was obfoined with sepinine, glubowmic aeld, and uwridiae
{Pobtrell, 1968). It wes coneluded thet the prosence of ol trulline,
praithing, glutenic 2034 ond urlding may o5 stimule %e the gyathosis of
other spzyues of the ueas oyele asnd agsoeinbtod pathunya, ‘éﬁimm%asr L¥ie
lusncing vhe vate of vk whole eyele, ineluding segineso.

TP the culture medium wes obnuged in the course ¢f incubablion
with sybeteate, o thrso-Lold dimioudion in the finel erglnase levsl
wng obeporved [Yobbtesll, 1968). A diffovenco wes also obsorpved in the
degres of induotion ab differzont tlmvs uwnder similer culiure conditions
{Fottesll, 1962 ond “Beosulbs” ).

The variatlona 10 e srount of isoduction obdeinod on Aifforont
opensiong, and the degroe of dilfforense bolwdon arginney aoblvity in vitye
end in vivo, implies thet awpinine is not the sole agonb ragponsiblo Lop
flactustlions in eyglnnee aabtlvity. Bithor sreinine ls provented Lrom
produeing Tull indusblen in euliure, or slgo 3% Lg o ninoey compinsnd of

: the necossawy sbinwlug.

Y

Ao gpaeiiio gystoms have beon domonstrated for tho Urannport of

motabollitos in bugtorda 4% is possible thed tho sebivity of such asayotor
in aninel cells could conteol the uptehe of svglnine, This way ropygontd
e mﬁ‘ﬂﬁam}iﬁm sonponent rofovred o ebove, sad Lop this zesaon the uptekeo
of avgining heg boer shnilod in gteeln Hola, the gemg iine of colls we upsd

Fow arginase inventlpationg.
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Gontrol of metahollem by the resulobion of entry of melsbolites

The transport of metpbolites across the cell menbrane of bucterie

o »

ageingt o conconbration gradiedl cccurs ab speclf

tin

© sites (Uohen ond
Vionod, 1957). Pact of the funchion of the sites is performed by
inducible proteing known as pevmeases.  The z,mm‘inaé of metebolites that
sre soncentrated by "g.ammria@ and the high specificity of cach permease,

implies that meny such systems mast exist.  There is o speeific permense

for the transport of pepgalactosides and 1t is independent of inbra-

5

cellatoy "binﬁiﬁfiﬁ o hydrelysls :)Ciff galectosides. “Ehva permease sysbem
w is energy dependent since upbake is inhiblted by uncoupling ogents such
as DNF and azide. |

g;ggaig,actm;‘:ﬂ@. permease may be induced by pfegalactosides. In the
v.n‘anwm&m‘e& state very :&::;_.ﬁ-am fﬁ‘mg,ai*ae‘i:msi,ﬂe enters the ¢ell and the scbividy
of the m*f.aym@ fmgaloctonidasa, gﬁﬁﬁh ia iniimﬁ}aie by the same substrate,
tenalng Lowe. |

Separate mitents locking the permease and Begalactosidose have boon
umeﬁ o show that m,e genes for the two proteins ave closely linked.
A forther mubaiion abollshes the inducibility of both proteins, and produces
high constitultive levels !«éﬁ‘ gach. This type of :ﬁ'ﬁlﬁa'iziéﬁship wondd Justifly
the laclugion of the permesse peare in the operon containing the B
golactogidase gene, and its possible i&emiﬁ‘:}mmiw with pegaloctoside
aeebylose hos been suggested (Monod ob ol. 1962)»

Other pexmense systems have haén ﬁ@:wr«i‘&aer}i. for the concontration

of gluctronides (Stosber, 1957} and glucosides (Moned ab ol, L9587} in
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Ho goll and for oliraios and othor Wrobs. syele intormedicten in
;Lxg,}%ggg%%aﬁ {Bavrath ot al. 19035 Yogut and Podogky, 1958) end mgﬂam%v
{'}Dﬁ“{fiﬁ;. 1996)s  ‘tho necumulabion of anino neida in He oold io alnost
COPLR m?y' sontrollod by a similow ypo of aysten {(Solwn and Rickenberg,
1956, ”’@‘. 8; Brition ov sl 1955; Gale, 1047, 1954), although tho

j@ﬁﬁ&;’iﬁﬂﬁgﬁéﬁ:ﬁ; do not sppear 0 'ba indneible in those eonsose. The salno aeid
pornen ssf;m. o " \ééi;mi IV bo uneoweling cgenta, snd siadlol awinoe noldsg
such m wallne, loucine and isolouweino, may oompate Lor the wsme sborooe
apgﬁat&iﬁ’-i@. ayatom {Gohon and Komoed, 1957).. Thoe prepones ond conconhzetlon
of ar{:i?ixs selds withian the erll avo wder . ths sonbrol of gpocific eniry
mpohnnlong sud coRangUIR iy thely motabolie etf';i;:eca'i;s » amgh ag the
E;i;rfc.mﬁ;%{'u:i. G ol oweyse induction, ave indlwoctly conteolled by the nerbrang
PODRORID G e

L Tho dmplisations of the prosspes of speeific tesnupory mochonlsns
ror eslivlar mobtsbolitog on the coptpol of diffoxantistion in highey
organigas have beon nendionnd by Cohoen and Honed [1957) in thelr roview
of baglorial posmoasas oid will be discussed in o lator shopiey. Blneo
many speciiie transport mechendans have bosn desoribed in enimal colls
it ig an interosting z?.;;z seulation thed n congldoveble dogroes of eonbyol
la *zzm:':mx sed on engyme adeptation by aldsvesions in wonbyene perusability
by mwn mochonieng ag havo bosn doseribed AR hactorio.

%mah of tha previcws work in the Mleld of mombrens teansportiln

anlas) c¢ells hes deald with the flue of inorgenic ions, vaetiewlarly

potinm, polssalun, and shloxide in blosd sad nepvous bisgus (ilseeis, 1960 ).
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A ompoelfle Yaodlum pump’ has bson desepibed in mervouns bssue (Hodgking
1851 ) The study of hoxose onbay al&m.anggaﬁﬁéﬁhﬁ% thove ig a gpeelifie
syotom which may bo concondrablvo 0P noneconcentrsbive, dopending on the
i sond.

smydh {1961) Pound thet all tho ondne aelds that he wonted,; widh
who aXee phion of diocmgbosylic ond bagie cmine seida, wiowe ﬂﬂﬂ@ﬁﬂhf&tﬁﬂ;
ia vot iﬂv”ﬂf3ﬁﬂs Yhin wes alao shown by Wisemsn (1955) with homatow
in%@atiﬂ@e Rosenbors (1962 ) showed thet lysine, srginine, oralihine
and gyabtine wore qongonbretsd in xob kidngy eortex plices in o osysion
ghare argininn, ovblthing aud Lypine compotod with tach obhor bubt nos
with oyatling.

The uptnke of suine nelds is congsnteative in Shelichf s ooelins
aﬁﬁminémm gells; 17 smine aolde bhave been shoun 0 bo coneonbeatod by
diflavent anounts {(Uhelstonsen and Bipge, 1990 Chelstonson ot al. 1968;
Ghed atonaon, 196ja; Oxender and Shriatonsen, 1863). The provalont
shaory Oof smning acld upiale in snisnal oells may o sunmarlissd an followg.

. éab siances ontopring 2 fell ney do 50 in sovornl different WOTS.
Tergor parbicles nay be ongnlfod 1n vosuelop of the coll nonuysno hg
C phagosytosin and gmadler peréleles and liguld droplots by pinceyiosis,
g oginilzw procoss 1o phagooeytosiz invelviar sualler avang of ¢he mombrono
per vacuole {Holtor, 198%9j.  The fobe of mierial ongulfed in this vay
itz 0ot known procleely end 4% iz wicortain wvho ther bhroakdosn of tho
weabrene g preguipred bofore the aontontsz bocome Lreacly aveilsble o the

gall gap. I¥ is peocible thet enino asldo mey envor in hls monase bBub




mz:;lm

$ho naoggasry ovidonose is looking.

Amino aclds aro probably vosuizod 99 pass throvkh intesd enil
monbeens during wntoko.  Tho pormoeblillty of tho wombzans 0 rnotabolldes
mny Bo dossribed brielly ag follows. dhore the molabolito onvews doon
a ewneonteation aradlont uplake moy ceour by sinplo diffusion, Thi&kiﬁ
Liadtad. by the wolotlonship of the chargo of tho wotabollito %o the chapgs
of the mesbeane, nnd the diffusion of poler subgotencos will be furthor
ropwrictod by theiz low golubllidy in tho Minid component of Hhe mewnreng.

Diffenion mey bo osaletod by siios in W seubeeue sdepted o the
uptnko of spoeclfic wodsboldton. Thils is hnown og foolliteted diftusion
O m@ﬂéé%@& birnngport, and sy lavelve o gpociflic enviey mueéﬂuina in
e noEbrend. Fha on ey 0F n motebolite by Leclilltatod difiugion wny bo
sosompenied by the offiux of en intrecollulsy sompononb. This s kuoun
ap erchango diffuglon, opd fonturns iR o uptoko of hosowos (tevovse, l?@l}.

#hevs gubsboncoes apo trangporisd apelost o concontinitlon grediond,
she pressas 1s haowd as agvlv teenoppet end is enorgy sooudping oo
m@?iauln& hypothoslis, ouggestdng @ #000ptor aits o o easpior uolsculo,
nos boon provogod {(Rigus ob al. 1854 Cheolstonsen, 1981; Oxender »ud
dheintongen, 1963) baged on dnto frop Phwlich’s aseitos culls.

Tho aabive covpler ig ¢ plugle molenulo, ov moleoswlar rpaloy, which
Lo vhyslonlly or chomignlly wodificd at one oido of the wesbrane 0 scoeph
the mbetones o bo tvensperited ond et the othow o rolanes 4% agoin.

In siginiior faalilon to ozehonge diffusion, tho ontey of ono mploouls may

bo ssoonpanded by tho oxid of o Alfferont wmoloculs op ifon. Potapsiva iong




may oxehongo with opdng solds in this mansoy (Shelstongsn ob nl. 1082,
B,y Rigge ot al. 18823 Ousptel, 1951}, By sush a upchanian tho
wphdll movonent of moloeles lg n property of the differing spocitlieiiy
m‘ the growps 26 the ineide ond oudslde of the wanbuang.

Tho acouwmlstion of phenylalanine, theeopine, iccloveine, vwsline,
@:s;*a)iiq:;z;a and pothiondne i yeost lo dnhibited by ezido and Gind tyophonol
ié?‘i‘glw;’:rf.éa@ﬁ rrak i‘jmﬁ,rzg 1061 )e  Similer inbibition bes boon woted AR somo
z-;zfmssmsaiﬁ,m oyotong oud may bo duo $o opoval of intvacollulay potospian
iong i:ryv bmﬁmgg or o dohibition of the sodiuvm polessiuvm oxchangs pump
nm@*@wa gm {Ghplsbongon, 1958}, fespliotion iz aficoted by inhibliors ,
puoh 66 i&sﬁ@:ﬁ-@a‘%ﬁa@a , awida, opd dinltropherel {Wobb, 1963), =04 cbolibion
o poduction of aetive Seonoporh in thely prosones ney refloet o yodusiion
in the oupply of 8.  Although e tweneport macheniow ls ensrey
dopondent 16 can ubllise glyeolysis slone in epclion colle in the sbsoaco
of poxobic plogos {(Chydstonopn, 196X, |

sapnrato teengpore mechonions bovo beoa doteotad 1n agodtes eolls
for neidle, basie, snd noutend emivo selds (Hokin and Holin, 3963;
Ghristonson, 2960 ).  dompodd tion mey oxled bedwaon Aifforond snino ocids
wlehin ,'3:.!;\.@53@ grovps {ucholofiold, 1%(31}; Qefze Ayming, arginlng, end
orplthins competd with ook other Top entey bub Ao nob soupote with
ayotlio, nloning, phonylalanine, bistidine snd glycino (Rospnbosy ot al.
1G58 Je

Although pon-ppocifio within thogo grovng, whe twenneport syslon ia

aongl tive 4o serbain allsratlons o the cnfigoredtion of the ontseing
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solaonlo. & hipgh degreo of consontvation hos beon ronoried for dinmiuo
ecids in soolbes aulls (Ghplstemson ob al. 19523 Riges ot al. 1982, 1034),
aufflolont o dlopiaso most of the latrscelluler potessivm ia ony insionee

"
14 3

(ippa ot nl. 3968). Suhgbitnilon of emine ov cerboxyl geoups {Faino an

ks

'ﬁ,aai&mm ﬁ' 19605 Halvorson ond Jowio, 106L) rovdors the treispord sochandom
ingonod tive as deon the prosencs of o cherped grovn in bhe side chaln of
the m#ﬁ.m nedd {Ghel ss'issméma. 9% s'fia 1960 T4 has boan susgostsd thot o
sovtaln optinal gopavation of Sho amine growps Lovowrs tho fosmotion of
) @ércali,c linkops with ¥ho gauwdor wolooulols) {Rigos ob nl. 19843 Hokin
ond Fokin, 1963), povheps slep dnvolving the carboryd grown {Pains ond
Hetns, 19005 Ualworeson end foulo, 19861)s  Tho progenee of a norepolop
alde ghedn may nild olubllléy in the lipid component of the wmesbrang
(Hokin m““fi Hokin, 1963 ).

Tho uplake of :.%;mmz‘s:m@i;;e:sbuﬂya*:w neld (ATR} is ineronscdl in wob
Mvar by ﬁy&mc}mrésﬂ.mm and in ¥at wborve by ocosteradiol (lonll ob al.
1967 ) and Roaptye ob al. (1959) has shown on inerassed upbako of tho sone
eRien neld :m; lsoloted vab ddaphrogm by «dding pliud tapy grouth bownong
edng a alndlary systen B0 Bogtyo, Frits aod Fnobi L {2963} wero able o
Aoublo ATH apiake with ingulin,

he atudieg Shet have boon made of tho upiske of cnino pelds in
eulburct colls indicoto thet notdvo concentyation mocheniansg arg oporading

op

for the moat of tha nuied Honnlly opmonbind amine aclds, vith minoe difforvance

botweon acil atpolins (Pion ond Begle, 1983; fogle, 10859 fogle af al. 1861).

%

Ao tho peegond work Invwilves tho atndy of tho offoet of srginiug
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Con arglidas aetlvity, the paturs of e prososs govesning tho wpitake of

neglalno mey bo of considorable importoncs.

Tninke of apeining

Shelotonson ob elo £1083) zoporied n l.3-2.8«f0ld conconbtration
Of arglnine in Bheliohte eseitcs eslls, alshough Johhotone {1959 a44
pob obtnln concontiaibion of seginiuan ibn thoso eollp. Rogulie Poon
ixzm@@ﬁ.ﬁal abgorpbion 1o vabt ond hamptor imply thet thows is 2o acbtive

uptake fov tho baole owlne aclds lysino and oppdthing {Wiscmen, 1L9858;

CBeydh, 1961, Gonevnbyeiion of l‘ygr;ﬁifes areining apd eyeving hog boon

venoptedl 44 vat kidnoy corbox alicoes (Hosonbomg ot al. 190%) 18 @ eofe
poblilvo syston whors argliine, lyaiio sol oralithing conpdio Tor an
aetivo trengpord rechablom not charsd by olanion, hlstidine, sud glycluc.
in gensval basie owigo selfs esom Yo hovo thwlp own agtive upieko
proceas, though Ihis Govs nod appasy Lo ftétm?&ig;gg in il blasuss. I
sopinine uplake in popticular 1o nonegonsontrotiva 13 iele dells, thon
whis night offeet the suscoss of stionnde 1o indwss srglnonn with
subabento.  For this woozon 2 seb of uaperlmonbts was porfowssd o
omralne the naturd of evpinoss upbtaks in tho oulbuesd fola colls used in

the prosont sowies of expovimonbs on lndusition.

Ohiooty of Ghe
Fo i Ll R ST

YR
RNy B ‘ﬁm‘ﬂ»::.tﬂ.lmh;sh:%gc:

o N I
pans anudy

A prolinipasy investigotion vuen dosigned (0 coteblish whotbor
eultured oolle aw “dedifferontiatod® oz doadeptol; 4,0, whather the low

actlvity of wany ensyros in eulturad eolls o dus to lerovarslble ohnnpes
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competible wilh 2 vovorasl of dlffarontiandion or to the absouesn of inducors
in the goll oultuve environmont. A opurvey of tho eneyns activitics of
aeveral goll gtvalins wes darrplod oud to pevesl showactoristie stoble
difforancos bowesn atvsing.

CThe presonan of ﬁmvmwﬁiblc‘ggamﬁes in onpgyse acbivity indigaiaod
ﬁhaﬁlgéﬁyﬁiVQ maprlation ep Pound in bootovie might sxied in thosp 001ls.
Apginnige won oolectod an o sultable onagese for fuethow shudion on wnsymo
iﬂ@u@ﬁi@n-baaauma oFf the wayiations in crsinose aobivity oboovved in
gultupe oad the lepge Aifforoncws bobusen the aetivity of svginape in
itwo snd In vivg. The deuongiration of adeptodion in this onsyne woeuld
ﬁﬁﬁﬁiﬁﬁiﬂviﬂﬁﬂﬁﬂ of deadepistion in enlineed ewlls oo opposed O
9dediPforentinslon’ . - Suvbeteele industlon of arginese in oulbuwo PEOVEGD 5
a sulteble syston Lor coaparing enlmal ooll adepiotion wlidh bastopial
adaptation,

The G100Leulty i lnducing inevsapos in setivity of cprglanco with
pElatroto stggosted that tho ooeaosnbilildy of tho cell mombrads mighi
influones induetlion by tho moateietion of tho eonbyy off subsitvabse. Honeo,
axperimonts wore wndortakon 0 ozamine tho wnoshanign of avgining upiolo
i eulburad oollo.

Fasyre adaptation in bsoteria, ag dosoribed by Jasob ead pesofl {19061}
seonivos a labile mﬁ&&ﬂﬂﬁér »iA o eovey intowmetlon Tron tho gonog o thoe
pi 4o of protoln gynthosis.  Adpptotlon in oninal eolle would bo oupaeted
o duvoelee o ginliar Ceootion of BMA. Somo gbudics wovs thovefore walo
of tho rapldly lebslled HEA of oulitured cells to debtonninoe if this freation

goald poapdorm tho function of moegonger in eninal ¢sllo.
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The cellogtrains eud culiure conditlions uged are outliued in
Pable Z.l. Streins HLE, Hela, Yeb, #9 and OL8 {(and other ¢lones of
strain B 21} vere grows as wonolayers in flat olded gluss bobhles,
acepnding to the foldowing soutins. Gulls wery dnvonloted at i’%.ii%ﬁﬂnls
in L0 ml. mediom (& 0. bottlen;, 26 wle mediwm (16 va. bobblen) oy
9 iade medduwm (Rouz flasksl. The sedis vsed ore Jdebailed dn Table 2.1,
and in the Appeodiz. The luogulated cells touelly sdhered L0 the glans
within L8 houes.  The cudivre wediun wes changsd adtey H-4 doye.  after
7 days the medium was vewoved and Hmll wd., G885 twypsin (Mfoo 1450}
war odded.  The teypesin wvas ropoved afber L mlnube and the cell shoeetg
wns inonbobed o3 SY0 with the remsiping £ilm of trypsin for LU minutos.
The oslls wers then reswspended in the sppropriote madium o the straling
UaH mile of the snspsnsion was dllubed in 24.5 wml. oounting fluld (seo
Lppendix) end wos govnted with an electronic cell counber {Joulber CGounbor,
Fodel By, Goultoy Hleetronics Lad.).  Fresh culture vessels were then
reinoculeted ot 109 celle/ml.

The techulque of wounting eolla by this mothod i subject o nous
error. There is no goorontes thet all the cells are visble. 4lso
clugped vells give o evronsous reading; olueps sre either recorisd o
one oall or the size discrlminniion of the moechine prevente the olumn
from being counted.  Consequently, cave wmasbh be token (1) %o onsure
that suapensions of eolla fop counhing eave moncdisporse, and {2) o

engure bthot oll ecolls are viehlo.



Table Bl

{:el'i *cm.e.m a5 mﬂ.tu&. c.mwci.xi Loos used n -prasem m:mﬂm@

“Goll ‘ o ’ Guliuve A emnplemm
Steain Ry A28 N , Maétmm Cofie Hofie Bobe The
Hela Adult humsn geevical aymauth 5 2 0 e =
(for survey) carainons (Gey et al. 19§ ‘)}E'f}‘?ﬁz’/l
] } awg) . -
(for 211 ) } Fagle™ 5 2 - -
other expis.) (ZL%Q)
HIH - Foetel huwen liver Woaymouth 5 = 2 - -
(leelie et ol. L95S) MR752/1,
(1959)
1 Aduls mouse subcutapcous  Voymouth 5 e o “
fibroblasts, Clone 929 MRTE2/L
(Sanford et al. 1949) (1959)
Reclongd $2.
Vb Afult Chinese homstes Eagle® 10 - 0 =
f‘nhx’e’h aste, Clone 10«1 (1958)  After subsequent cloning
Bfrein 1GLIARY 4] " - -
(‘Y,’e rpanion & Leonard, 1861)
Gl and Adult golden hamgter Beple® 10 - - Cel
ather $ramnse- £ibroblasts, WHOL; (1L955)
Torined and {Stoker, 1962}
unbrans formed
clones.
LELTBY xﬁuuae lymphoma asolies Fisher 10 o o “
tumour (Fisher, 1958) (1958)
LEL78Y " Algo maintained as asgcites bumour
in DRA mice apl Il crossco.
Imndschuts House asclioes tumour Bagle® 10 o~ - 2.1
{(x 9«32}}

4 " Also neintoined as ascides tumour

in Porton white nlee.

Iy e As I straln; selectod to Fagle™ 5] - e -
grow in suspension. {1955)

(favdl & Struthers, 1960
unpublished)

Gelle = calf serum; H.B. - human serumy B.L. « boctopepbtone (amino acid
hydrolyoate); Tv. « Lryptose (amine acid hydvelyseie). Medin were made
up in belonced salt solubtion (seo Appendix).

i The concentrations of omino ecids in Hegle's medium (1965) were raised
10 times in all cultures except Yw5 cells of CNZYIS BULVEY.
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SLumping **m gudle can be dotewted by exnmioing o deop of oell
sugpension vador o low povier nieroRcuRs.

The cxolusion of somevidbility eteins voy be vegerded us an indon of
viability {(Comoron, L850).  Hephtbhelene black has boon found to ho
poetlonlarly sultsble for this purpose dn this leborubory.  I¥ ono
drop of Ul naphithalens bleok in added 1o o drop of coll suspengion on

%

o glide and examined wndor o mloreosope, the proportlon of unstained
aeklo glves the viability of the sullbure.
Bmgyne anstys swere acsenpenied by B phospghorus and protein

sl irogen detoppinedions o olimdnate ercors Inguryed An epll covnbing.

Hodntansneo of sooeded Linss o Yel Ohdgepe hometor Pibeoblosts

T (P DA

The Chipzge havngler oleaine oped in the prosont nindies were

4

dapived from sbroaloa LOWRAEY of Yewgawinn (1001, wmubliched). Thoe

el ey e & ¥ T T L T T T . e, ey & kP P X ponn
original abrodn ves madntedned in this loboratory im

ny -

Panle®s madim plus
M?ﬂ podd sovum and U boctopopbone (Buddle, 1861, wipubliehod).  Ruddho
developed a stwaln of these eells oble to grow in the ahsenge of baotoe
papsone. Doving msadnbentnee for dhe prenend siudles, the serum
covsentrasion vee yeduoed to Bi, ond the stosdard oell, dnoswlum duriog
calivre ven redused fo 3..(:&"“3‘;";3& |

Thess colls were eloned (L.e. stwainn wore dorived Peow single colls)
by Ruddle dn the preconee of drradlabed dedoy mouvee owbryoe ceils, ond wers
elonod fowr tho prement wordk in dpgle’s n"ﬁiﬂ'& plus 85 opll serum sloas
{(neo holow).

Thoe purpone of madntensnue An low supplencnt concendtrations, and

,e

of cloming in the hbsence of rouse feeder volle (irsadiatod cvhuyonic csllis),
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was o develop & stvain of cells able 40 be cloned with high efficiency
in almost completely defined wmedium. Such a strain whs reguired fov
seleatlion cxpeoriuenin, such as those on mtaéxlague 'mfmm'i;&ma veportad
in a later secbiomn.

The clone Yefellelell (Y-8-11) was one of several clones of the
Emﬁe»iﬂnl stieain, grown without mouse feeder ¢clls, and was selecied
heconse of ite repid growth and ﬁzee&l'i;h;sr dppaa;&:*@;ewr::a (Uyalinve oytoplapm
and homogenelty of the sizes of the nuolel were used as crlievia of

heolthy ceils). This olone was used foyr further ezporinents ond fov
stulies of wesistance 40 metabolic anslopues, The medivm used fop
the maintenonce of these cells during studies of vesistonce is detailed

in Toble 2.2, in Appendix.

Hwnan ceryicdl earcinons meown in tris-clirabe buffered median

Hela cells used in permeabllity expeviments were adapbed to grow
AT i:z‘ismﬂi'ism:’ce-»"énuf"i‘ére i mediun (see Appendix). The use of thiz wediunm
enshiled move coyxeful coaivol of pii even when culiures wers lelh vuostoppored,
nocven necessacy vhile meking sevisl additions during expeviments. Two
transfors wore requived (rypsinisabion and reincculation) before this

atraln bogaws esteblished.

Landochnts ogelies eell cultuves in trigeciltrate buffored medium
(FPosblethoaite avd Maoohorson, LOGH ' '

Aseites colls from Forbon white mise, obbained from Postlethusite
in 1984 were grown as suspension culbures without ogiliation in Hegle's

modium plus 100 calf gevum and Q.14 tryptese. (This stvain hed previcusly
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bhoon cultuved iu this mediue by Posblethwelte and Wnopherson, LE6H).
An thens sells profusad largs quenbities of acdd in ¢oll culivny
thay wars fransferraed to tris-~oibrate-buffered medinm.  Adopbabion to

this madiuwn coonrrod readilye
o

Bushenslon ealinres
. .‘E.‘Z&e} i “;%B* sveadn (Foul and Steoathers, 1800, wipublished) was
maintedned ba ouopension in Rous fissks withoud !?':‘..fg;"l raslon.  Vresh
spddng wag odded twloe por woek, and *:m poppleblon wos diluled o
10% gellnful, modium onee pov weelk. Lendschubs suspension eulius -
were ohintedned dn Houws f3asks and shallow 1,000 ml. conleal ilashks.

L "% wells goave o twendyfeld yield per veok and i@mzm.z:tmmﬁ eolls PLltosis

:é;’@;‘; é%\&

# YR A I
Londng

Iy

The Ghinose hometer oell stroln wos cloned severald vlues ‘%&g the

dilubion technlgue wodified frem Fuck eb ole (38BH5),
The polls were drypsinised by odding 0.8%. twypsin {eee Appendin)
for & smduuton, then withdrauing it snd leoving the residue of 4uypoin

to ses for 80 miontes ab 8790,  The -5 cells zequived a leng blrs in

’i

trypsin Yo abbaln o ﬁﬂ.,sﬁgzié-,.w e’:sn;siit‘:%, suspension, wpon which the welidity of

"x

the setbed depondad. The cells were then rosusponded in Hegle’s msdinm

plas & cadf sorun.  The susponsion was Glluted %o give 1,000 cells in

.1 ml. whioh woa then odded to o b one pleatle polrl dish (Faleon Ploptlos

epba’s plus 8 mexumi. & dvop of &

¥

:,bu

Lde ), containing 5 wl. median f:

) LA
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sodlar bleavhometo we added and the culture plocsad in a GOy inoubotol.

Undi the sedivs wes peploced weokly unbil the culbores wore abont opo

wonth old,  Sueviviag clones were apubted ond erprsased ag a poy PORIn, 6

Sy

tne ineowlun (Gloning officiency).

A% this stage supviviog clones contadned feon o fow hondeed Lo o
fawr thousend eolls; the largest ond conacweontly the Doatest growlag,
wore whrked ond trypsindsed. In ordor to tyypeisise inolated clonos
without conbomination feom neignbouring eelly, stolinless piecl Tlops

ware ploced vound the clones end nesled ab Ghe bose wigh oilicons QEBOEE
These fovmed wolle ond o fow drops of tuypsin werge ploced in eoch,

After two minnben the trypsin vas eoveiully resoved ond tho eulbtures
inoubobed widh the drogs of the tzyesin fov about 10 plontes. (A single
oeld swopension is not regquired, hoenoe o shovber u@smmﬂ Bo Geymin is
adeguoba).  The cells in ooch welld were then susponded sepseatoly and
the suspensions inocwlated into & ml. wodium in testetubzs, Ehe clonas
wera gitoum wp in these fubes wnbil yeody for tvaunsior 0 larper vessols.
hon estoblinhed, the eloued Lines were either vebained or dloearied

a

weording $o thely growih rate sud chromosowy pobiorn. The procoss

was vaposted soveral tdmee in en obiompd o obbsin & wnllorn karyobype

aad o hign cloning efTiclenty.

A ""‘ Ay vy
Seaosaenborsos

Bloaed eall ofiralng apd othor voluanble Lines were stored vndep

Liguid ndfroggn. Uhe pringiple of the proceduws used deponda on the
findings (Forterfileld and Achwood-d3mith, 1952; rersidshy snd Richards,
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o dimotlyd sulphonide.  Yeler sy be loet

and the ensulng osnobie

siroetuval Ganage aud may dONLBULG SOWME HLCTOmS

dimzthyd sulphoxide are bydvophille apd my serve 40

the sell. They way aleo help bo prevent the

vadch wenld damage the eeil {Mewg

Whon the probactive po

WOTe Gom dmethyl sulphonlde gove o bl

g

[

cells (Steain Ly, OGlone Fo) than glyoerol.

roconnendation in the

-

Glmethyl swlphozide was uped in oll subsequent

&

A aoolling

asponded

y

the ampowlar

Imourse A bhevsy amw:l{‘a evsloased within &

gooled ot appromitntely A% winut o (Fhgs 24%).

Galls do be frozen wore gelbured to pive

L% 17

20 per ampovle of Yebu pod Se30 x 208

LA
cisngd

byt ol opll. The colls

in grewth mading plus L0 diwethyl swlghozide.

dimothyl selphonide and transfer to o ORI

wiplnise the toxic effoct of the prosezvative,

Luvmdd
in the peesenes of o prepavvative such og
RRHH ‘%:}';.z;.
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QEFIER
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ey proportion of
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wore inomilated inde each enpuwle, the ampoule penled, aod placed in

Lt

on insulabed box ab <709,

Pie box was lelt nb -T0% for 2 hours shereupon the ampoules

weres subnered in Llgadd pityepen in o Ldade liguld nitrogen roivigerabor

(iR=E5=8) s  Afber & 8oy op two one wmpoale wes thewed as & bead

(the oslls were thoved roapldly 3n o 5790 volber bath) and dhe cells

inooulated into o 4 op. bobdle. Afber thewing, the dvegs of the

eells in the supvule were steined with o viehility staln sush o

ﬂ@%ﬁﬁ&lm@% Blaok and the wosbained oells scoved as o properbion of
the sobed plving an estlmeie of the peveantegs viability.
Viohildity after froesing can be improved by washilag the thowved

aells in balanged seli selubion before incoalabion into medium,

L 8% eells do ned supvive unless $his preceution is Laken.
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ReBa  Ghromosomne prepmpatlong by the aisedpying Seohubaus
(lothiols ond Sisinovich, Lubh)

»

Gells for {sm;*m‘;zam;;zm%: prepiralions were grown in & ome plasbic
pobrl dishes {(Faleon Flestics Lbd.) contoining o 7/3% sgunzre coverslip,
with 4 mle sodlun bloarbonate wifored medius, snd insubutod in o Gy
v;a:é;ra:&»;}&fﬁi;’mﬁ inoubator. 109U colls weve inoculobod into coeh dish
end dncuboted for 45 hours by vhdeh time o thin sheot of cells hed
foruad; the cells ve o tounehing in sons canes m, Phelr extromlilas bud
did not form g oonlluens oheet,  This pereitiod waXlisum spesading end
aolnelded wilh the period of warimum aell dlvision.

000, eolehicine (Hophking and Willioms Led.) was odded fov the
Pipald £ive bours of inoubation to arvest mitonss In mebophasc. The

coverally wes thon vemoved ien the potrl dish and ploced In D95

g

(hypotonie) sodium eltrste (26 mimnbes For ¥-5H cells, 10 minntes for

b oellaj. Hypotonic eltrate cowsce the colls to ewell, disporaes the
ehvonmeaonas, and hoelps to countorset condensotion of the chwonooomes
indueed by colehicine.  The oltrate wos then gradually vopleced by icge

eold avetle anid nlechol flxabive (1 part glacial noesic asid to I povts

sheoluto olovhol).  After aboub half the citrvate bad been rapleced the

aoveralip wan trensferved o frosh lueecold acebic alechol for 16 minubed.

The coversiip wag then romoved ffren the Cizotive snd 2llowed 4o dry in
airy thia hos the offwet of redusing 0ll the chromssomos o Bhe om
PLeaNs.

The pdvedried covorolip won stelned in Yo anbuwsd oreeln (Ceexge

Guep) in 80 acetle acid for & minutos, vinsed brlefly in twe veashes




o 44

wobherwybiionol (hy and Deker G6d.) and two washos eupprol osgonee
{Flatbers end Germab LHd.) sad mowbted in ewparcl (Flabiors and

Garpet Lidede  The prepsuation wes exsnined weder o 00K phase contrsed
objective of » feiss Wi HLUROSRIPE o

Tha chrenssomas of S0=50 cells vare counbed to give the sodal

B

Y

dlabribuiion, end shareend sheompyomen wers recorded.  Fhobuographs

wars talew with o Lolen canmsyva op 39 mue 1hford Fao ¥ fine grain £iln.

Gells vhich showed & good apmading of chvomosetss and an Ingach
cell mombrens were phobegraghad by phoase contrest mlovoscopy with a
100X eile-dmvorpion objoutive, The nsgabive was ealawged So give o
107 x 8% prind on high contyash paper, end the shapss of the chyomnaonss
wore oub ouls  These weye evvangod in order of sisze in fwo groups:

e
(1) those with the centroware ot the niddle of the chvonesons {petecentyio)
and {2} those with the centromere not ot the piddle, ineluding those
with the conbromers neer {(bub nob at) the widfie (sub-meiacenivia),
Phose with the conbromere psar one ond {(pub-tolesentrie) snd those with
the contromere ol one end (boloseniviel. Yhe chromvsomes vore mudbercd
assording o Ford and Yerpepilen (1968}

A& gynopsls was prepeved fron the evarege socurrencss of saoh

chivononon? An ten ddeogramsy  only those ccourping in more thon Live

Idasgrens were lnludsd in the synopsin.
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Aede  Wolleotion snd passsce of sselben tumony colls

Twiy msm:i._ﬁm- pumours wore woed ln the present work.  Yheost vwere

the LEL7EY pouse lymphoms, which wes growm in DBA mice op DRAAYD evessen,
and $he Landsehubs fumowr prown in Powbton vhite wmise.  LEL7GY aneliies
fuapure vere geown for aboub seven doya, oad Landsehmbs tusours for
asbony five deyn, befors possage. During peasage. bumour was withdrown
agepbloslly fiom the poritonoum of en ansesthetised mouse inte o slerdile
plastic ayringe, and 0.2 « 0.0 who eliquots were roincculated divestly
into other mise. Vhen nonestorile Gumour was regulyed for anslysis,
mise wore anbesthebised, killed by breaking the neck, apd the ski

steipped from the tronk. Tunowr was exbtrached by o »Ez'aﬁu;maa:: 1 pipetie

Sheongh o puall hole in the body wall.
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-‘"aai LRl bvosnmn, eod HEL whomehoran ded

oold oxntwocts fon ensyne Saonwe
Lo praldndiney sbudies extracks weme propoved feom LELTEY asoibes
aells by three difderony mothols and opsayed for e wWwoelve convmes of

the oubsogrant suvvey {(Tnble Ba8).  LELYSY aolls weroe suspendsd in
UoBf ol 0% o congonbration of 8 u 100 golle pow mle  UBLE of dhis
pugpension woan fronen and Phewved rapidly, thrae $iuse, by slbernnie
Amsereion in solid corbon dloside in abaolute efhnool swld dn a 3990,
wobkow bath.  The obthey half of this suspossion vas placed in o omll
Bowy ube on doo under o meddfed Mellerd deill and wlirosonicoted fov
2 wiunbon {80 Wy 8O koo H0Ga)«

A shollov ssopersion wos prepoved in 25 sodiwn decxycholnbe in
o3y Woll, awnd frosen snd thaved Wwoe timps.  Deosyoholate 4o o
dotorgeont, and &% vas uvsed fo facillitate exbroedlion of some pordicloto-

hownd, o pobrsnoebound enuymes

Fach suapension was cantrifuged of &,000 g for ong houy ab 8Wi,

and the ooporvastonbs woed fov onoywe cotimatlons. Dowsycholato prepavos
blops wers Aleo vaed withond ppion senbrifupsdion.

s

The res !Ti b of engyne epbimabions of exbracto piopared s above

oxe diapioyed 4n Foble Ha2. Hopoated fyroezing ond thowipg in 3.08%

(R

b,’

2y

ol adone proved most sabiofaobor y for the oxbrachlon of ackd ghosphatans,

;»J

5

orpiuenc, thiosulphobe selphupejponcferane,; Pepluciwenidnen, gluoosteds
phooplintose, eathopnin=g, plucoscedephosphate dohydrogernne, and orylentersse.

h

Blopupbion of calls by soolcation gave coseadlally siwilor posulis, slithoash




Sropapation of extrmm f@w eneyme oabimations
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Transferase lonse TAve ) 1.1 1.0 - 048

Cothopained 0s6 L0 Oub  Oud
gwf"lmzmmmaae | i:‘;;d, el 09 049 B
“toctie I?ehydmgamm | " | |
(mmaﬁakmta) | | 10 10 - 10
émcnsa«n( wii*hmphamsa B ‘ o
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e

U = ultmmnmmad, i)é} Wey 20 I¢ ./em. for 2 mins,

¥ = fLroven and thawed 3.52 in De05% Nalle ‘

¢ = frosen end thawed %X in C.089% NaCl with 29
sodium deoxyoholato.

HC = am € bub not centrifugeds (A1l extracte except
ﬁf; §e§a) eentrifuged at 2,000 g. for one hour
n Sy

Hxtracte were preperved Lrom LSL76Y aseitos tumour
milm amem mwm otherwing gtated,

noyme setivities obtnined by different preperative
m*madumﬂ are quoted as o ratio of the sotivity in
frozen smd thewed extrrcis.
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ope aotiviby of eathopainsC and Peglucuronidase sppeers to beo losd
dueing sondestlon.  Sonleetion alsoe glves andexd 1 ant WAth a 5, bl gher
olkaling phosphobtase z.a.af::ﬁi‘-bﬂ.'i;y;
e prosence of ﬁw&wa‘sw},m;m drlng extraotlion ylelds highew
all z;d,@ e phog 5,}1&’«" se el agportate aning trensierese aesivity, ond this
sugpests bhe 2t bhese angymes may Ho menbranse op pardloevlatesbound

A highor acid phogsphatose oebtivity wes also obtained with the uncontrlfuged

70

a‘:ﬂ

dageyehiolebe extract, Howevew, thip wep nob epporont in the contniin
snbreot.  This sugpests thel deozyoholste dees not wondew ssid phosphstase
move soluble dn the ezxbract, and the higher activity in the ungentriluged
exbrast was probebly dus to wetentlon of perticle~bound acld phosphatoss
lost by cendrifugetion in the other oxtracta. Acid phoophotasn is Pound
an dysosomes, ond it vould appeer theb dscoxycholate does net old ids
papbration Irom thoie
Appartate onlod trapsfeorase and alkaling phosphatoge weve exbvocked

by freesing ond Showing in deonyeholate, and the rewaining ensymes by

Peecsing end thowing in D.85% NoUl slonm, in oll subsequent experlnsnbb.
& 5 e

The more loblle enmymes, lactabe dehydrogensge, glucong-Gephosphatane,

onel ﬁmé,a?‘-g;? paphatane, were asasoyed in Ivesh euxitroota; othervise the

exbracts wore storad 2% 2090, vutil voguived.

Eneyie agsoyg

e

ALY detexmipodions vere by npeotrophobtomstric methods, aud the
Unieem BRO00 specbrophobouster was vesd in all cases, excopt vhere othozwiss

aiitode




Honeapeosifie eheorpbien due $o veogont st :{,z*.“,i wan ecblmabed
ands datiowm m%,m.:%.‘:mmﬁ sd this was gubtvested fron the bont
s wowa edthey propaved By voplaoing e engyms with
dodonisad waser {"eoogent blonk%), or by 0dding the wreogend designed
wo torminste tha epaynse vesction hofore adding oithor eusyons o substooko

{"nole Tork ).
(Boliaila)} "anplan™ predo rengenbe wora uond,

excent vheve othamadse ataded.

Adkedian whowmhotone
Allnling phosphnbose aoblvity vas ostlinated by wonsuring
genbivophensd relessed feom penlbpophonyl phesphnte (Fossoy ob ole 2845),

o0 mif rentiwophongd phosphate (L. Light & Co.) wees mode up ik

Y

) -

i‘mm M opdyeino bofier ad il LG8, o0l wng propoged fvesh for onch onsoy.
Gk wle of ““"'!:’:Z'"Hifaa won added o 1 ool. hulfered subsitrabe st 979,

ERGE) mma,wm{;@@ Revr S0 whroaten. *i? 3¢ recobion wvas torndneted by eddition

'ft
o

off 40 mhe 0008 F Balile The eboorpbieon of Mbaretod penitrophenol whn
'."m

-.,

mennured of 410 mp agaldngt noow
Froe pendicophoncd vas wood as e stondsrd end vas dllubed (L8500}
Feom o deap feoten {;-a»?%ué?wa‘; sfock (. 0.01 M.) $or cooh douy.

Boeyine paiin oxo exprogacd an g.ez‘izi"lﬁ’z.arsf&;h&%@ ’r}uc::mx.:x»,. PR slauta.

e appronimade ronge of the rouctionn was fwrom .1

por M. Podeiion mANLRRl.
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Anid phosvholbase

Aaid phosphotuse activity was estimied in salmilar muamer o
alialine phoaphiolansy In thig cuse the substimoie was dispolved in

008 I acetate bulfer at pi 4.2, The range of the reactions wos slmilor.

Arylenterasy

sryleatevase activity was esbtlunted by tho condemsaibion of Eetmgo'hsed

oodiamizidine with Benophithel relovsed fron Benaphbthyl acstate

(Heohlos and Seligman, L9480},

The nephthyd acetabe substrate ves pravared Dy dissolving § ug

w3

-]
of Pesmphibyl ccotote (Lo Light & Coo) dn 1 wle acetong, ond adding

this to 100 ml. 0,00 I photphate balfer ot pil 8.5, b0 ghve a flosl

g—h

substeate congentration of (L.025mM, Gonstant swirliug

z

B DRCeRSAXY O

n

svoldd precipiiotlon of nophihyl acebnte wien the scotons sclubion is

added bo the bulfer. The suhsbtrate iz unstable end wan prepared frash
for eooh 068y

o-dinnisidine Fost Wue B (C. Gure Lbde) vwes made up 8% 4 nge/mle
fo deionised waber, and freshly prepazed for each ansay.

Dol wlo exiract was added 4o 3 ul. substrete solubion at 22%,
After BO minmbas, 0.8 ml, of the Fost Hlve B soloblon whn added and $he

.

Ancobation oontinued for 10 minubes.

s

ihe ensyme roaction wag then
torsimnted by The addition of 0.5 wl, & trichlorsceilc scid. The pish
culour of the reaction sixture vae extracted with ethyl acednte; and the

ebhyl acotnbe solubion was cleayed of sodiment by splanipg ab 260 g '&‘”‘@x,

10 mimntes. The abhsovpiion of {e supernatent wap meoswred of D80 mn



wa f:é::} =3

. . :‘ -,
agalnet o rengend Dlonk.

,.

Mamgne units e erprosped ps WiCacobtnlo rolessed per mimito,

and vere eclouleted fron dho ebaorpblon of o fenophtbol standard.

The sange of e methed as wped” B Dok w 1 (ktﬁ“’&&oﬁ abasile

roncbion miaburds : -

Bearlucwennidacs )
feglusurontdose aoblvl W wos Joternined by ostimating oheny Lphthalads
rolensod fron phenolphithnle oin pluouronide (Taladny et nl. 1946).
& Tﬂ.s subnboate ves prepoved by dilubing shenolphéhnlolin glumronic]e
Lo Idpht & Goe) from o 1,09 mg./ml. obook with an ogquel gaondiiy of

Ged It phihalale:Fali bu Foew nb ol defile
063 mle engymo exipaet wos addod te L wl. bulieved subabrate &

AR o The renedlon vwng torminaded affor 30 oinnten oith D al, (.4 I

"iEy
glyeine buffer g o 1044, The sbeorption of the pink eolouwed solubion
wan meesured of 840 gt sgelinat o veagent Bloolk.

.mmwz::‘: mmm DY RPN saned an g%&"lgg;immmnm\” rolensed per mimbo,

i

and ape eploulated Srom tho pheanelpbibalein Libewated in the moaotions

aa

aomparaed with o phavslphbhedoin standand.

The rongs of the nethod s woed wag dpon Q.00 p® p” m t ptijoles
giuonronide In fhe ropotlon wisnbure.

Gluspsoeterhaanimbons

w)er‘-ﬂmf ERAPREI Y s,-g: -sm.mrimﬁ .,,

P T eTys LR A aso pobiv Loy van eabismebed by wtilising glouocoss

o o

"

oxtdane 4o meopure plucose {(Hugsett ond Nivon, APS7) Liberated fwon


mailto:aba@rpW.on

a 91 e

glugose=~tophopohate (Oompbell, LU68).
0.4 ¥ subsirete vas prepared by dlasolving $0.4 mg. in ) wil.

e

Dol ¥ oitrabeNalil buffer ob pil .8,  The libsrated glucose wus
gatimated with o Bocheinger glucose Host pack. This conpisted of a
plucese veagent and o stondard.  The gluoose veagend wag 67 pge/mle
o-dianinidine-il, 280 ug.stil. glucose oxidose, 2nd 40 pp./ml.
paroxidane in 0.18 I phosphate baifer ab pif 7.0,  The glucose shandard
wan 9 g/l |

o1 mle ongyme ezxtvact was added 4o 0.1 ml. of the substvate
polution at 7%, Tho resciion was teraminated after 20 slouwtes with
D85 ml. 0.73 § peeobloric ecld,  Tho reasotion mixture was contrlfagod
cat 000 g for 30 mimuben, and (.8 nle Of the supornntont was added Lo
the glucose vengond ot 5790, After 20 minutes the glucose reaction
wos terainated by placing the sample tubes on jes,  WYhe absorpiion
of che yollow eolony wos aposured &b 450 w apgaingd a vwihole blank,
The shwsorptlon of the glacuvse gtanderd wea reasured ogninst o reogont
blonk of the glucone rescilon.

' o . 6led :
Sngyes wnite are exproessed ap pifglucoese produced por minuie.

. oy i IR " LLoles
he renpe of the method as used was from 0.00 = 0.1 wi? slucose

por mhe of $he Dlrst reaction wixbura,

lucoseslephasphate debedeorensse

Glucose-Sephosphate dehydrogenase aotivity wan detenrined by the

N ¥ " LT X3 4 TR * i *
nereasean witraviolot absorotion of MADP in the reactlon
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{3ook and Voboan

b3

o

The pecction miztiure consisted of 0.0 8 plucose-Gephosphste

L) 2

Dole Jp 4 0 RADY {Sdgpmn), LR pid Helilgy dir Josd L prdgemadonto sl
buffer ot pli Tal.

Sed wls Walfer, Geol mle. onbtract, Qo1 wl. FADE, and G.l ml.
&-u,ﬁ.i“,g, were wdded to o cuvetie ond allowved do woiem o STV in the
L whed euvedbte comporoneit of o Uvlspek spectvophotoms e The wehive
was bhen ast to zopre and the glisosset-ghosphete added.  The absorpiion
ab &40 mp wee wensured ok 19 second lntervals for three mlmites; or ab

g

A0 meeond Inbereals fox five minuites. 1P the wescbion was lineay. he
sulto were sceapbed end the yun wes dupliostod.  Ldnesrily wos
powmarally ashioved by olterdng the snwyne concentzation.

Y emsyme andd ves expressed 2o o chenge dn ehsorpbion of Qo.‘!.a‘;ﬂ}'/ mm.

slevrans

YN R AT e ek

I"
42
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Deglutsmyd bronpforase wWas sonsuwed by the formtlon of platemyl
hyd oI ahe (Deliors, 153},

The dnoubatisn oixbure conbained 0.4 wl., 0.8 ff soebate bhulior

£ by

af gl Hedy Gud mls 0,35 ¥ sadlue srgennte, 0.2 wl. 200x4 gluttming

(L Dihght & Doe)y Ood mis L M hydromylowine-H0L, 0.4 whe o 4Dy {Sipgmaj,

‘vl

and D0 wle 38eH% 1 Hnlilae S’hla gove & Ml concenbretion of 40 wy

&

glutanlne dn 0.2 @ seetate Waifer.
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Pae renctlion way sbarbed by o diag el wl. ensyme entroct to the

ogubstrate solutlon ak 3Y90. Afbterw 90 wimmbes Ded ml. Ue M ¥ cdt,!.,i,,“’
wip added, the sclublon centerifuged fov 15 winubes ot 2,000 g and the
aboorptlon of ww yellow suporpnboent solabiun wos moeneured ab 840 me
ageinat & wiole Dlonlk.
e ol e otn q 'wra's'—ff Fa— T T e, o
Pogyme valls 030 OXpLos aeed o Wi glutnnyl hydeonmmate Sovwsd @.;m*

{

mizmbe cnleulated from the shoovpdion of o stondard svlubion ef glutomyl
hydvoneimnge (L mM )', N
3 el "t fii'o‘zﬁ" Ay
The rorge of the weliod an.vsed was fron 0.0L « 0.8 Wifmbe of

e @mmx Hiniure.

Thicoulobkobe m&imm-ﬂ}: npfiorans

Thioomiphabe sulphurtronsiorane won ookimbed by deterainodlon of

the produstion of thlosyornie (Gosby ond Suwmer, 1046).

The subalbya Yo W i Doldd M HGH, Uelk I1 Maglals, in 0.8 ¥ phosphato
vaffor o gl YD
tipd e OF engvny ontoed vas added fo 0.4 wle buifered subsnbrabs

at B0Y. and the reaction was stopped efter 10 minutes with 0.8 nl.

-~y

Fa{li, ) go  ands prodvacd o vieled colevr vhich foded in sboub 16 mlnnbeo.
naoay
The aboovption of the yemaining yellow colour was meusured ob 2490 mu.
agadant o, vhole Dlant
it e eed] A e P . b a"zé p
Sunmyws wnlbo ore gxpresned oo wlShicoyaunte produced psre ploaic.

_— ol
he wonge of the wmethol as wied won (.1 » 1 @i thiveyanate pew

mio w,cvm;i b durs.
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fsathepaine

Gothopoinel activiity wao u.c;z:ésws;aa.v& Ty osbisnting, by soons of the
C Folin Giooolbonw resgont (B}, the oromibie acids yeleassd from
hoswmoglobin {Aoson, PSP .

HoeamopLobdn wan exdvacted from o blood erythreeyites by oswoblc
ghacl, delysed ovorolaht agadnst Selonisged water, snd the concendration
pdjustad B0 BuB 7. 4 wl. of this solabtion wore 6dded to 1 nl. of
saua'lm;ix:aﬁ e85 21 bo vcetlo ecid end 008 £ to ('i‘?ia,{.}g:ﬁ?%g;v FThis pregared
Hu m.w,m wag uged lsssdintely.

(el mle ongpie extrect vwog plpetled into 0.6 wl. subsbratse ab
;vl Bo¥y w'm S0, and dnsubabed for 00 mlautes. L wl. D.8 ¥ trichlovacotic
asid wos added nod the solublon contrs fuped ot 2,000 g for 0 mlaubes
& ibe 008 I Undlf wowa adidsd bo 1 ml. m;;mmm;}m;* L omk, Folin's mesgend
was: thon added and the Gube Lol for L0 wimites for the colowr Bo
dovelop.  The absorpbion was monsus wol ab 7 yoran egednnt o whole bloni.
4 polublon 0 O wmMi. Byrosine was used as o phondopd.

uo

waa; pRE UAES are pil ,w:@ sine pelonsod 351;{: Codnnte, and the vang

7
s

o
" ) ¥ - ¥ S - "‘?’ »
of the motbod ps veed was Lrom .05- L it Syronine/inl. of reachion

DO AARY A

Adeparbnbe amln m;'mmwmmu

Ry SRS e LRI

Lepayuats ambuntronsfereso aotivily wes zpavured by onbinading

.

the formation of swloneotic acdd {(Wroblewski and k,::mzme"i;, AL 2

w3
=
B
o}
fa,
;‘-‘.:
e
i
&
o
E’a‘

solution contoined 40 180 dsaoportic aoid (BeDaic)

end Qo 1 askebo-glubaeic nold (Badolle) buffored to pli Ve wibth 0.1 j
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phogphate, 3wl dinitrophonyd hydwesive in 0.0 3 HOL wan vsed %o
terminnte the reaoblon.

Do, il of engymy eutract wos edded %o 0.5 ml. of the subsiraite
anlubion é&%;i 408, . O.b ml. diniltrophenyl hydrasine was added afdor
60 minubes, folloved by & mk. Q.4 Il afior o fuviher L0 minnbes.
The solubion we allowed bo siond Por 30 mimtes snd then the shacvpblon
TasH zmmmazi o BOG mu sgadnst a whole blank.

- " N " ) o woles 2, o« 2 e
Bagyms uniis ade azprogssed fg gﬁi"!x;mlam saka produced per minubc,

nd wore walouvloted frowm the sbheorption of o stendard pyruvatse pelublone

o

3 A " o "role? B ey &,
The vongo of the mebhod ap used was from U.4 « & 8 oxalaseinte

in the vesetion pixture.

iawtate dobydeooamng

Loeiate dehydvogoennce wos measoved by estimating the disappesrency
of pyravie ecid {(Cobaud and Probdowsil, 1968},

The subgirate soluslon was 2.8 i pyruvie aeld {L. Light & Uo.)
buffered to g 7.8 by U.2% ¥ vhosphate, wmd contalned L mg./umle NAZH.
8 i dlnlvrophenyd hydvepine wos sady up dn 8N HOL.

God mle enzywe ozbroct wos added to L ml. of tmffered avbstrate
at 8793,  After O whgutes 1 ul. off dinktrogheayl hydrasing wos added,
ands 30 wminsbes later; 10 ml. O«d N Malll were added. 10 minubes wes
allowed for golour developuonb, snd the ebaowptlon of tho brovn solubtlon
Wi weesured ot RSO M.  The ebsorpllan of o vhole bWlank and o pyruvate
ptandard wore alse possured. The &;@@ worhotoeaber was zeb o evo

whih delooiond wabewr.



arpne unibe ave szprossdd as g gyruvete hydvolyesed per minuta.

Phe wanpe of the wethed as used was f2om L - B wofmle vesction minturs

g w1k
Azpignee

Apginape solivity wos debtevnined by estionting the uves (Schiboid,

LEAS) preduced fyom eegloing (Orecnbarg, 10553 . '”‘w matheds vere wsod,
gaploying the sams teshnique.

Hathod 2,

OIS A T 4 T AR SR

gk

The gubairate polublon vas G008 If avglaine ot pi 2.8. The rebpenss

for wren detorwinabion weve sulphwwio acldsphosphocie eeldswaber {1:5il),

and ¢ mpel weduonlbresopreprlophonons {(Hopkine & Wallioms Lbdey in
abaolute ebhanul.

0.408 mbl. ontying axbroot wag diludod o 0.8 wl. with & aid BT 0
ond fhis wop inoubated for threo howrs ob 8%, Q.1 mle wiginine wae

thon edded and the inoubobion leobed 15 mirnmbesn ab 259%., The peaction

wop bermhnutsd with 15y ncetle aold, and the supersatont, after ceatrlfuging

oh 8,000 g for 89 wlwites, vas deesubod into freoh tubes.  Oob mle.

splobuprde acldiphosphopie am&dww;u. van nddod Sfolloved by .04 wke

cedooni tvopoproprioghanong ds vas bolled Dov one houw in tho dowl

e

q

oud the sbhooveblen of the vesulbtant pink colouy wos weanured ob 560 mp

X

egoingt o vhole blenk.  The aboorption of o wres abandaed wap meaowned
sgpinot o preogent blank of the uren resabion.

Apgloase aobivity proved ho bo faipdy low is most colls studied,
bl o or o exespbions, so the todhnigue wog wodifled with the eld
of the DoobmandSpinee sdoroe-gnnly blesl appara '?: o b0 profnés o hishow

i s 58 LB ant A
TG R PN RTINS
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a

Thio miere-amlyblonl ayston cuployn 008 ml. vapioliy sioyae
genbyiluge tuboes, and o wide rense of dlspensing micro-pipoties

delivering o msasured volume. & wilovesSentelfuge and o tubceshal

somay
YA

ave supplied, ond the eolouved voad “:ai&tm one vy be read In @ pierge

procbroghobonober, eapnalby abond (el il

o

The roopents wory nedified olightly. The substrete vng D.L8Y

Qo

2

Arar
Wed

apgining. Dol H glyoinesinlil Lulfer pod 8.8 wi inlly vere made up

P

separabely and mized, ¥ parto bufer o L povb Mnllas Just Lofors

BBy g,mzmg soeose is precipitated L0 this solublon ip etored).

ﬁfh‘ procedurs wop as followase

RPLLONne ¢ s;@y 3 Ty vho mlers weihod. hmmém&w* mﬂ Tovas Wors hervosted

Bl

g8 MY e a4 ¥ culiuved cpllin @ cogquized for
w209 « 2 1 109 colbuved wolls were roguired fo

by coreping wlth o mubbovecontod plosa wod, o by i;:v:as.u,m,.,a wiih Q8L

wrypnin.  Tho oolls were svaponded dn 30 ml. Lce-oold Vonhky tolaunsod

aolt aolabion {‘lammz,nf; phenol, vad)y Soypsinised soaples wore counbod.

Bach soople ves divided equally bebwoen fwo 10 a?:@m%;x*;iﬁ‘ig_@n@a Buhe
{the colls of ore bo bo wszed op the Seob and |

¥,

be voad as & Llonk) ond cengrifuged abt D0 g for § minubes.  Be

wore roswapended in bolaneed soll selutinn (pinmun phenol red} and

A

sronslorind B0 pluotio wmievcoentvifage tubas.  The ploasiic fubss
sentrifoged fer 18 goconds in the Hechmin m"mwm iwifuge and thoe
sugerantent discesieds  Homple tubes vere ntored at ©FOY, undil

oy, i iy £ J PP,
raquired For aosnye

WL
b

he oalls of the other 4o

paliot

WRES

L5
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Ut oy " £ g . h % .
Por szglones aooty, 50 phe bulfersd ulls wos dispenscd into esch

s

-

wubes  The oold pellet was darupted with a plebinun wive, and the

3

pugpension was froson end bheawed three ddmes. 10 (le erginins wero
odded vo the Wubss ab 8990., and, after f,h“} siymbes, Bhe resobion von

torminatad with 80 pl. 9 § porchlerie agid.  {Ferchloric apid v

ira

cpddad be Yhe biooks Boleve o w; inlpe).  She preociniiated peobein wag

z,

cseabrituged for & nimites ,-:.m She wicproenenbrdfugs, ond the ouperaslonbs

*Z.

tranaforved to miore-bolling tubese 80 pl. stlpburie pscidiphdésphoid

acidivater and § ple aelsonibrosopreoptlophenons woprs . &f;%éém o the bodling
tabos ond they were ploced in-o Light tlght boiling voaber bath fow w3
Rouy, 't.’im phoerpbion of the resulbent plnk colour wos wasurad o dhe
R GRORTEL t,m;;;:‘ aboniher ob 840 m egainst o vhcle hlonle

A EERTEAN i’r&;zm&m;ﬁ wag meosuved as obove.  Sngyno ualits oo exprossod
as of wren produced pes nlmadoo

The ronge of the mathod an wveed wan Cwom Uad e L ngifi"{fma& Lo

mle oF resction slutura. The slovesprovedurs allovsd meesurensnd of

" g g i T lﬁ
ol & Gol, ti%iiren.

1) A% e bt bty 4
“‘::ki.l KR AEN D Kb

Tobal pitrogen won meapured An exbvacts by Hesslzr mmesnie
dotermination of o sulpbusde oodd digeal {(Foul, LDGS).

Blges stion wes corcled ond in L Bely dn O 2 HS0,. Heeglerts
vengend wos wode up ascording to veul (1058). S5 gme mum noogls in
FI wle wobor vere sdided Ho o sodublun of 4 gne pobopaiun iodide wad

4 pite wowsuric fedlide In 20 wla. of wobey, and the voluma was ndjuaied




.\
o B e

o L ibre.
0.2 nle 0f the Alpgeshion mixtuve wes plpetied into o 30 wl. freonas

¥ A

dvy nupoale, This type of tube was wed, in conjunction with o gloas
od o wmindunise loss of matawial by apw Age ol mly sell eniroot

won added end the tube vas placod on an electrlic cloment ot such o
bempevetore that the sulphuric aold weg Just on the pednb of bBolliong.
(Tue wixbure holled ropldly at fivst unbil wiber wos driven offy bab
afbor shis hoiling conbinued at o very slow vake). The fube was
shiclded with oluminiwn foill to aveld condengabion o thoe atemn of the
e daving the eorly siongos, and Ho polobain o high oven tewperature
with the elemont ab a Low gobbing, wrodusing ¢von bolling without
ppunbinge

The tubes used wore sacked Go 0 ml., ond the digest was diluked
50 Bhis mavk widh distilled vabor. 8 mle Hoppler's reagent, snd § ad
&} Mol wera added o € ol. of the dluted dipgest, and 15 minvbon was
ellewed foi eolony dovelopmont.  The abeorpblon off tho yellow solution
was Hhon peasus z:aé ot 480 s

The blenk contained O ml. of the saline veed for pyroppeing
tho eell extveot, in place of ¢ell oxitrocty duving dipestion.

& vonen of 02D pre o Yol pge nitrogen was neasured by thic motheds

The protein nltvogen of povchlorie acld proo ;‘i,p:%; abon fros avglonos
asaeys by the slero-nothed wap alee eatizated. The precipltebs won
Baootad in MO0 . of 88 Mol at L00Y0, Tov 80 w.u",nm;as%q 100 ple viove

bhan ﬂ:‘%wm wia (Bhe totold velums in the tube ageals the volurme addod




plas the volume of the preciplinie) dlgesteld Lo Hgdh,shely, and the
A 4 v A

protein nitrogen ssbivsted by Hesslavisation ag desoribed abova.

Bltechosiiorus aobimnbion

ER 5N @ﬁ%iﬁi&ti@mﬁ ef poyoblowiec cold pregivitotes £rom prglnnmg
cognys wore povforapd by Indole esbimabion of the Dildephotphoras
(Uardotbl, 1955).

The indols veagent wea prepaved by dissolving 0.4 goe indole in
1 mi. abaolabe sloshel, and adding this emﬁm*%;ie;rz‘x o 1L Litre of deioniacd
wober with constond swirding, Chlovolerm used Lor exirvection altor
";é?am}ie.mg wes Hoy & ﬂr:sm v lahoratory rebpent grade,

lo@ ke L I pevailoeic aold wes added bo the precipitats from
avginene eobizptlons, and the pellet vos suspended with o platimn wivras
Phe bube was incubated ot P0%. for 45 miaukes with vepented shalklng.
Aiser B oloutos conbrifugedion on the alovescenbrifuges 0.1 ml. of the
supermnsnt whs bramelferred o o froesh %ta“m:; 40 ple vonentrebed HOL
and &) pls dndole weagent wore added and the Stube wes placed ifun o bolling
wager bath for L0 wlaaies. The sclution wee then shaken thees tilmes
with A80 ple of chloreform, znd the abporphbion of the zenddusd yeliow
of the aguesun phoase wes measered od 490 mp on the Beckeon mlerpsgpesisos
pRotonabers

A ghendard was prepared feon puve D

The I of euliuros vsed in perneabllity ocuporioends e also
aatiznted by the Sodole method,  Afber eatractlon of seid soluble

maberdel, the csdls wove trented with & } perchlorie neld ab ¥0M2, fou



e 431 e

10 minaton.  $ho resulient exbrant was incuboted ot A00%, for 2O

afnubes with. L nl. concentrated 0L and 1 nl. (.04, indole, Afgaw

this the soluticn wes shaken throe $imes with chleroform. The dhaorpbion
28 meaurol al 490 me on the Decksan DR speotvophoboneter.

The ogproslaate ronge of these DA-phosphorus (etevminations

was feon Uad o B0 e of BNA phosphorug.

sf*a,g:,rwrtmmfm& annvine doborainatlonn on m”?,«:m Lo

- Golenios were geown dn 9 ome pebri dishes from o monodisperse
dnooculam off 8,000 o 4,000 golls.  Engyme do %.,c:mrm..ﬁ ronn wore dong on

wfized eells by the agay overday method of Malo end Deoterdd {1865).

Alkaling vhwnohobaoe
LR £ ¥ L RETE

S agar {(Difee) wms velied by heoding wiler pressure (18 1bs./

agedne) for 15 wineton. I wam then cooled bo 45%2, and an equel

in (ol I

guantity of Uefl pavanitrophenyl phoaphote (Lo Light & Coe) i

B ey

pil Qdy 'h?:‘ﬁ.z-v; wafier addad tw 3%, 0 ml. of the gg:z’a?” mlxture was $hon
added bo cach patel and :;,‘Ilac*sl to Beh.

ARber L0 mimtes h::t..» 8790. alloline phogphatess activity sould be
detented ovey golonieo g,a.%i:; Righ activity hy the appeerance of & yollow

Coloud.

gém_e:;r.l&gif;:&mmm:?ﬂciéam

A ggael quanbliy of 0,80 phensiphthalein glucvronide (L. Dight &

-

b8 nger an obovo.

r

:ﬁ,
o
o0
5
=
b
."q 5
s
£
e
el
ﬁ'b

Uae ) dn Qo) I phbhalote bufier ot pi 4

20 wmle were added to onch vebyd dish and allovwed to seb.  Afdey ono




%
s »*&1 o

hour 0.2 If Mol wan added to tho plates and the cesurrence of piuk colouy

notoad over eolonles.

G lugosoefsvinnvhatans

Goltondes warve iuncubated at Y%, in o solubtion conse iu:a.su L owge/
mle MALE (Bigmnds Dol F glucostefephosphite (Balelle) snd 30 pgesd.
Andoni trotetranel un {Sf‘h Betle ) in trlse-gl fwate bolenced sodb solubion
(soe Appendiz) ot pi TeBe  The oppearance of & foint pink colour
indicated glunose-fephosphotese activity (Shis vegized 8¢ hours in

“Tab colls).
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8.5 Detection and charecieorisation of RIA

Augorodiography

Phe stripping film technigque modified after Pele (L95G), wes uged
o dobevmine the activiiy and location of “Helubelled RNA in L "3% cells.
| g (i)
The cells were labelled by incubation with “Heuridine in rotating
suspension culdbures (ab ca. 5O vevs./hour). In some experimsnis samples
wwé withdrawn at intervals; :lnimaﬂiat@ly vashed in ice«cold balanced
gallt solubion, sud fixed in ice~cold zceticealochel {ome part glacial
ascetic ac;z.sj to thres parbs ethangl)s A drop of sach fixed éﬁ-;ll
suspension was placed on separeie siides and allowed to spread and dry
(Method 1).

In other experiments cells wors washed in edld balancsd selt
aolution, and fixed in cold 700 ethouncl. ‘They ﬁe—m‘ pranaferved o

abgsolute sthancl, ethanol-zyvlens (l:1), zylens, sylene~aster waz (Bribtish
5 odny

Drug Houses ) (Lil), end finelly evbedded in pure ester wax. The wax
& L

was centrifuged while still hot, and then allowed 4o set in the cenbrifuwge -

tibz.  The blosk was removed and secbioned ot 3 p on o Leits :;;*ﬁis&isi&ﬁg
migrotoms. Sechkions were wmounted on gelabinechrome alum treated slides
(Vethod 2).

The slides bearing cells or sechbions were then treated with ice-
eold ether-alochel (3:l), o chlopolorm, to remove any troces of labelled
meberisal incorporated into lipid compomenis of the eells. Test slides
were placed in 0.1 i, pi 5.3 acetabe bullfer fov five m:‘i.zza.a'i;eaa; and coabrel,
slides in 0.1 mg./ml. Blidse (Seravac, chromatographically prepaved)

in the sape buffer. RNA s hydrolysed im U.l }i gl B3 acobate bulfer



o 5 o

1€ inovbation is coareied out for longer than Pive wivates {(Fige 2e8).
It wes fov this vesson thet incubotlon of conbrols was rodaced to Dive
mioubes in a hipgh consentrotion of RNise. Whe Riise pepction vino
serminoted by ice-cold ME trichlorecedic acld vhich also sorved to
venove the acld soluble precsursors of Hi.

The alides wewe thon weshed thoroughly in leew-codd dluhilled
waser (A0 mincies, 6 changea; and dricd.

The applicy viion of o welpping filn (fodek &% 30) wae corried oub

RN )

in the dorie with o rod safelight. The esmlelen was eithor pecled ofd
dreontly fvem plotas mrked inlo restangles with o aselpel; oy 1ifted
from plotes which hod been sovked and otored in o desleontor In the
doekronn overnlant.  The cmilplon poels off ppontonsously feon plates
in very low hamddltys  The amlasion yostongles were £loated on waber
and draped wound the alides to cover the avea baoving the eollo.  ALL
sdides wore probreated with 0.8 gelatin and .08, chreoms alun o holp
the amrlsion 4o adhere,

*

The olides vere dvled and pacoked in Light tight boxeos with sillea

gok ond storad af 40, for fwo woeks.  Afber this time bthey were
doveloped and £ined dn dcc-vuld, fronh DLOG developsy (Hodek Idde) ond

«

Sudx (oy & Poker Itde) vashed in dced wal wery and drled.

Goverglips were mountod in a dvop of stoin (wolhyl groon pyvonla o
s below) and the proparvetions expnined wlih o phase condiast LOUR

obJeotive. lopopuopt prepnrabtions wore made by mounting a covowslip

An BYE senin on prestalned oposluens.
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Loga of weadiosotdvl ity dusiiue inosababion of

e

Lobollod IS8C golls in 0.3 scedato bulfon

w5 il Ge e

I84¢ golleo wexe ipbelled Ffor 60 mlmuden with
3%%»%%2?3,#;:&;3@« Upfized onco¥n wove propoired, ol
fuoubatod with Do) wey/wl Wiinoe in U1 ecetato bulfep
aob pil Ba3 ond in Wwifor elobpes  Hlidos wove vomoved
fwom tho iucubadions ob dndoyvelsy plaged in ?;@&:w@ﬁlﬁ
109 704 for 10 minudos, woshed in lee-w0id dolomiged
paboyy cpd dvied.  fudorediogravhs were »ropavads ond

the mmcliear gralng epundeds

o—o RNAse treated.
@ —o Incubated i buffer onl\j.
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The peopprations ware anndysed by aounting the sllver grolng

~

KA.

eoturcing over gpeeilic regions of the celle. The prelins aver &0
colla were gounted on ool alida, ond two slidss veve propored foom

wach panpla.  Only eells with complebe cell merbianss were couniod.

Griolosy of aostingmvolv-trooted vells

,m:m'u;a@m giaining of H auspradiogroaphs wes povforngd with
0065 % vathyld groon, 020880 pyronin G in ol Ha pil 4.8 poetabs adfor.
Blides wers siained on lee (o provent leuss of adbeslon of the oubow

vadiograyhie omilsion) For 80 - &0 wimtes, rinsed belefly im rummlioy

pe pere nounted in DVX

&

top wabor and deied, Hubtva-thin guage coversli
vanine

Hlidon of I 57 eello weed for oytologlonl desoripbion afbor
13374}2»@55@::1 fwabtmont with cobinenyein ¥ woroe stolusd with mothyl groen
and pyronln by the method of Guer (1988}  0.18 e of mothyl groen
(Bo Guer) was washod vwith chlovefopm ond deled. 1% won then dinoolved
whih G20 gme PyromlnsY (He Gurr) 31 87,5 wle 0,08 My o 4.7 soetobe
buffor and Bed mlo. 954 ethanel. Blides were stelyued foy 20 mimabog,
vaphed papldly do deionised wotor ond dAifforentinind in 281 ethanol fov
5 mimbes. . Afbor dehwdeation in aboolute ethanol the proporations w era
cleared in toluoue and sounted in DI venln.

Slides £Pom this oxpoerd ment wol re olso abodaed with hooeblun and
asosin for general mepphologleel oboorvaltions.

Preporobions Por fluorescont studics were fized in acoblc alechol

ag hedore, ond washed in dilute ethanod and in Q.4 X asetste hufler ab
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i SeGa  Tho plidos weve stedped Loy A5 mirutes o G0000 scridlinn

opangs in 0.3 & acetote buffer ab il 5.6 and movnted in OO pdycevineg
;’?ﬁ%ﬁ.ly in he page acotobe buffer,  YThey wore oxomined on o Z4edos Wh
m.ai?%%éssa:mm with HBO 200 high pressure marouvy lamp iilurdpadlon with

F

Zedng B AE and UG B cxeltoy and o 5"(} 56 e 4% bovrioy filisr.

Separabion of WA In swerose denudiy epadlanks Shfher Britten and
joberig, | J.i,as;z}

Hensowite, an R¥Aoe mﬂm“imw:w uaed throughout this procedura,
VRS propavied an wmmmo & g,mas, ol arede ‘bﬂm‘é:m:aﬁ,m (BaDyila) wos
suspended in ;z.s,a ua“t » 0F delondeed water. The susponsion wos homogenioed
Lo @ﬁczr waambe and then dentrdifuged at 400 g For 10 mimites. The
supernetontd ond Jlvid sodimont wero collested opd rouenbzifvged ot
85,000 p for 20 wlavses.  The vesultont sedinment was poguspended in
Qad }i vewzeno {othylencwdiomine-teiransatie m,\e.ﬂ,, Balbila )} ob pil ¥ ond
iw;m,rg,m‘ joad t::ma& lys The @ms&peﬂmﬁ,{m vas Jofs for 48 houvs ab 889G,
Qe *ashmwn‘” four} O nh c;'e}s@i}‘“f g for 40 zm.m*ﬁé:r a |

Phea z‘L; 1 sedlimont conbtoined o dark grey layer ot the bobtlom of

she tehe and o lighlow grey layer sodieanating above At. The derh guoy

e

matarial %*.;‘*c&;zs Glocordod and the lighter groy band was rosuspendsd in
S0 mho GoUL M, pil Gy noobate buffer. O ﬁﬁ.. was dried sod weighed,
and the consentration of the vepsidndor adjusted $o Gl

The eutraction of RNA ubilized ¥07 phenoly Coiiv duponal {dodooyd

sulphatey Le Light & Guej, and o G0 If acebote buffor ab pi B.8




w 7 o

aogtnining C.00 3 WGl and b ol Wiy (bulfer A).  0.01 i soetnie

Boeffer at o 5.8 contodning G.08 B MUl ondl 9.09 £ versens {(othylonsge
e WS R AR S ' i

dlarine-tetoasoetie esld; B.0H.} was also veed (buffer 8). 8% and

280 muarese polublons were mede up in elther Wlflfoer A or buffor B.

R

Erepeeablon of maepase aredieonbe

Suomoe grodicots wers Plrst prepared by welng ovmining device
(Fige 2.5} bub move saddofpotory vesulbs weve obbatasd by mhngly
pipatting 2.80 wl. 85 sworose in buffer & indo the Dobboen of the
tubs and mmﬁﬁi:y Jayordng S.80 2. 3 suovese In buffer A on fop of
A%, This wos ollowed to diffase eliher for 8¢ hours b 4%, or 18
hours ot poom %&ﬁﬂliﬁwﬁm;éﬁ.ﬁgm’i‘éh The grodient tonds $o be sigoold zather
than Lineoe bub e voprotneible (Fig. S.4).  OCradients prepnred 1n
$he wixer wore BnOYs Limper bul non-roproducible devistions feom Mineardty

wore somnon (Flge Ze.8).

Evepsyadlon of BHA

BiA for muovons density gradicnts was cortrahed with g;}mm};, and
Suponed {dodeoyl sulphate) {foherrer and Davaell, 1568) in the followiug
meanere. 00 « 300 wilillon L YBY eells vere svepended in B e FREVE o
Lowle 0080 duponnl and B mle 900 phenol were sdded to thip end the whele

phcken for 8 wimaboes. This wos seobrlfuged ot 900 g for 50 nimtes

TR

and the eRguoous pheee repovolls  The phonel phoss wee pesostractod with

e

2 whe Wwaliox &, and the corbined aquosus yheges roeextrected with I ol.

G phenode  The B dn the sgueoes phope wek procipdiated with
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of Suevose densily crediontte

*S?h{z aizer wes wnade £20m p porspez blockes The
A R R ATe 0] 32"&3(31&?%3&@ wore designed bo hold m;:mz:?@gzimﬁﬂ‘iy
ZeH wml oo 'i?f{'}é A plow B -;zrz:mr; @55 %miahlm {a@am@*i, g/mm}

vas bloun h Pongn Hhoe wﬁ 5 L,ii'??"‘“f}{%t? 10 enpure BlEinge

Gradlonts wors pRODLDS é?, bj opanding velve 2s
ez;fii%&:%‘ﬁ%ig; o trickie of 2G¢% swovose o onder the cend eh Tage
fhoy end then dupedistoly m;} 3‘%13?3;@1%?&3%‘% e . 3% muowooe
endored bho 2499 suoyose weservely and ¢ 3; adeelly rolduced
ide densddy an She lovel disppeds  The sucrogo
oolution, of graduplly vedueing densldyy was nun indo -
the senbwifoge tube throvgh o i‘.mm, plostio tubs, held
Juot ebove tho surfece of the suerose ﬁEQlH‘i‘viﬁ& in the

aongrifosge tuboe
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Tae gradiondts weve allowcd do stend for IR hours, ond

: thon cendrlfoged aof 44,000z widh 09 nl of an i%v’fé‘
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eolution leyeved on the bope

buhon wers plopood and She suoyoce censonisebion

of the drop conples vas measured vidh o vefwaudion

pocoharinobods
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& 5 Noho snd 2 voluwses 2bsolube ethanol {(oold) and placed as -F0%0.
po flooculato.  The flocouland preolplinbe wiw spun doun of 900 g

and the supcenetaut withdroun.  The proclpliate was rediscolved in

!n

buffer A ond Alolysed ovexnlpht agelnst 7 liteen of $ho sows buifss,
then for a ferther b houwrs sgelnst fresh buffer.  Top dvops of &
bonbonite were added ag intorvels.

The dislyonte was precipltated with eold othenol and yoedlsaoivod
in L omle of buffor 4.  The cthonol wos cxivaoted with ather and Lthe
athoyr blan of f' with nibvegen. The solubion vag spun ab 800 g fow
10 minwten to vemove bombonile and then 0.5 ml. of the supsrantont ven
withdvovnn and pipetied corefully on o the top of o ¥ bo 887 suerose
gradient.  This was ceentyrliuged in the B¥ 3D bhood of o Spinsoe msodel L
cenbrifope fop .ltii..i;g.fihté;;x*aa at 400

The splago tubes wers then ploveed with o h;y‘;;mdmmm needle and
the deops eolleuded; 10 - 20 por bube, clupunz? Lie on the dyvop aloe,

o give & fotad of 25 « 30 tubess . 0.l ml. of cach drop pownple

¥,

pipebted Into fresh Wwbes ond the remining dvop weaed for sucrose

apbivadion in o yefraction nocchoriseter. The OW.1 ml. somples wore
gilubed to I al. and the uvlitravielet absorpblon msasursd of 256 ma
in o Nekuan DY ppeebrophoboratey with an aubomtic sumple chanser.
A ?i?E;p wos twensforved From every sccond swmple (feonm every oample
at penlts of ulireviolet oboorpbion or at predicted peols of astlvity)
. dwxc\he—b sl

and mdxed with 8 wml. BEOGYE2 HBeluatont” phiquid selntillagor {Fucleopy

Badarped a0L J An apevial vialp. Phese wisds vers then £ed sutesmticolly

.:).




into o Fagkaxd Prigerh seinkillodtion counter and onch oie amwbod for
S0 wiomben oy for o maaivum of 10,000 svunts,
Ap Hontagnier sod Saoders {1063) and Durnens ¢b ol. (1883) hove

2

uped versens In the properetion end gentrdifvgetion of BNA, 4% was

prepaved hove dn Q.08 ¥ vorsone In 0.0 Me 3l 8.8, cootote buller

contedning .06 § Noll (buffer B) ord ite scdisontadion conpored with
ENA preparad iixfg haffer f.  (Vorsome ls o shelating ogont, and may

influcncee dhe gocondany eonifismuretion of B soleowles end the degroe
of aggrogebion botvween neloonles). The prooedure wag to before only

L

bulfer B wes substituted for bhuifer & 2% all stogen. Hoateried

A

prepazed in buffer B wes centeifuged on suorose gredicwnbs wade up in

bubier & ond susrope geadienbs wmbds up in buffer B SAallatvly matorial
prepered In buffer A woa comteliuped on both Yypen of svowoss prodiente.

¥,

Fige o0 showa thod wmiowial proparad in vercuns yilelds oy 25 -

G of the REA obbained by prepovebion in msgoesluws-buifer. In addition

meberdad prepsred end centerliuged in versons tends o produee pubdivided
ponka of wltravliolet cbsorpblon in the pradient, ealthough the prasenes

1)

e the gradlont tends to voverse this. Consecuonbly, the

mrgnepdunebuliior provadore wag adophede
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Saificlent 45 ml. copdeal flesks to glve ﬁi&a:&;a:ﬁ per exporinenial
gomple were inoeulabed with 0.8 » 1 x 100 Helascells in & ml. Hagle's
medine plus 8o eadd serun snd &) bhuman povum iE?» prlseeitrate bulfered
batensod sedt selobion. These culiures wees prows fox & days.  The
superaatant nediws won then reploced with 5 ol fris-citveite bulfered
belaneod solt sclution contnining 0.1 wil arginipe ond 1 mg./ml. glucose
{preinoubotion sediwa), ned bhe Clasks inovbobted for o further 30 sisetes
ab 87, in o ghoking woler<bnih., The preingubsiion modium was thon

('sPec{ﬁl: actwity 5""25/1{/,14,‘4)
vemoved and Ueb poe/mle o 8:8:00.00, tritiated arglnles Am the nems
Laloncesd s2ls selubion wan added for two mloudes.

After rowoving the twaser; the Dosks wers weshod five tlmos in
the courge of 25 seconds with belenced selt solublon conbaining Q.1 wd
pnlabelicd argiaine mxﬁ m' §3§1ckm:§. made Alver flicking off the lugd
drop of balanced gult polubtion, 2 ml. icewcold (o8 I perchlovic apld
wewe edded and the flasks placed oun lee fov 30 ﬁii:émm&;o The pereblopice
avld entrect ven docsnted into o font tube, end B8 ml. L H KO added
o 4t %0 precipliete the poreblovete which lowsrs the efficlenay of
gounting the isotops.

The muadiosetivity of the oaold aolubles sxbracts won detorsined with
o Llguid scindillablon couwnber by mixing 1 ézll,@ bost solubtion wiih 8 ml.
HED7E “Seinstont” Liould dloswons«bosed selntiliotor (or 0.4 nl. bond

solution with 4 mle WH 678) in speciel vwials, which weve fed automstioally
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inko o Yeckord Yricarbh or Huslear Chicage Liquild seiadliladion counter,

Tha wesnlin wore on pror saed o govnks poy minwte ot IO cosubing

aificlenay Govnbing efficlonny wan obialined fram the ratlo of the
counbs ab two onargy levels.

Finadly, thoe amoune of Bl in eoch samploe was determipod as follovs.

g mle 2 F perchloric awld vere added to the rosilduc in each owliburs
flesk and they wore then lncubated ot oW, in o abaling weker-both
CEow 80 mivates.  The pevehleric acdd exbrects were deconted and W

eobimations earelad onl on poch gxbtrach,

abion of the soounubions of dho mathod

The completonass of the agld selubls entraoiion was ‘.Lf‘*'ij»’%l‘:-.\’z ained
an follows: 25 wl. flosks contoliniyyg Helo culbures were inoubated fop
ane hour wilh 10 pe./ml. s{ma,;;; nine in telo-citrate bodsnesd sold
solublon conteinluy 100 pp./ile. glusose ond God o avgluine.  The
guliures wore then woshed with daseoold baloneed galy solutlon and & ml.
ise-0old (.2 1 perchlorie acld wove added. The flasks were lofs on
leo for &0 winntes end then the porchiovie acid wep repluced with a
Pirash B mbe of lwgeuold perchlovic acids; Shis woas reponted twice move.
Phe second, thiesd ond foupth poroblovic aoid eatveobions wers corried
out for 1O mlonies only,

Godd mba X 3 RUT woo added bo opch porchloric ocld extraot, ond
after pragiplintion of pobessivm pevablorets, he radioaotivity of ths

supernabont wes deternmined.  Table .0 shows $hal tho weld perchlovio

aeid exboostion of the acld soluble pool ls swre than bl complobs wilth



Fxdbraotion of saddeooiublo 33:‘z.’mezfa.e,:s:* clRine

Leon Uolo colld

et Batrection end swd 4%
Ou 2l POA 30 mime 10¢ 109 30¢

Somple 4 $04 1% 5 10
Semple B 1082 GO 13 16

500,000-1,000,000 Holn eelln wore incubabted with
Tope.ml. 333?1-»&3*@:3.@:3%@ Por one howw.  They wore thon
waohed 4 times with oold balemoed seld solublion. Tho
Fiept coid solubleo extroction wor made with 2 nil. 028
povehlorie aeid for %0 mimabos ab 4%,  The geeondy
thivd and fourth egtractions lastod 10 mimutes onlye
Che Digures vopreoond counts poy minute dn the aeid

solublo oxbraot.
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Ehe ©irst exbractlion of & slantoes,

The walidlity of the wathed aluo deponds on the assuupbion thai

n . s Y

mosdh of the labellsd arplalne s pecovered during enbroosion with

n

0.2 § perebloric aold, and ds oob hmmﬁ idhin the ¢ell. The

prapprtion of incorpovablon of %wﬁ,‘fé ine inko the acid soluble posd

.

eod indo aeld dnecluble sadepial in shown io Toble &.4. ¥our §

. oy a4
£ 8 o 30V Hela eells wers groun fop threo days.  Afger 80 mimubes

@
5
o

incubeblon in preincvbabion wedive ponples vers lebmlled wlth D8 poofml,
8, ’

1

worploing fov LD plovkes end 8 houws.  The cells were hen washod
& bimos with cold telopoed sald solubion, and the agid poluble matevied
wag onby Lm-ﬁ,ﬁ B8 I porehloric agld for &0 mluntes on lee. The repidups
were then lnesbated with 0.8 § %ﬂ‘i Por B0 wiavkes dn o TO%. shaklng
waborsbnih. Jo® mbe 1 WO :m sdded to the powohlovie acld exbracis,
end the Nalh soluble mpiorial wes adjusted Lo meubrelity with 1 I Gl
The voesults (Table 8.4) showad thads o durdng Anonbadion with
""mmﬂmz dne for leneg than 186 mimmtes, noevs thon 805 of the Lrocer wag
reepvered in the acitd soluble extvachs :s.;a.:mg;@x* insubaticon with tuowew
allowed greater lonorporstion inde acld logeluble seterdal oawml thile
ronched about S of the $oial of 2 bhows.

The mte of upbake was determined by incovpogetion for § wlimies

in mest expeyivents.  This wns chosen 09 o bian ot vhich infiue

S

-y

greotly prcesded offlus. This wes detormined by ineubation of Hela
elle fenrh B mirmates o £ houss, in Zeb pelul, ﬂms‘ag‘;ﬁvm nme - Plasks

of Hola cells weve growa up Srom 8 ox 2108 inosnls for faree doyo.
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fnto acddesolubie ond dnooluble wmabordad

RIS IT T 0

Tilow of ine %m&aﬁm fomrtn In lovto/minate
] %ﬂ"}a‘w on with seidenoluble , 3 geld Lo
Ewg@mmﬁ‘w oRbract nolublie rosidue
(OeGrin/mm)
N ;_:;swsz:za , » QLB
15 mlngne |
80, 000 S 2,009
89300 3,520
2 houwes
.,3 E” ’r &i{‘*{} . P} ¥ ZS ?}fj

Afbey colle wore entraedod with 2 ml ive cold Ce68l
pevchlorie aoid, tho ropldus wap diggsolved in & nd
0«20 Weti,. Both ooto of bamples woro newbralised

md Oef mld was mized with 4 wl NESTQ seintillator in diofane

snd ¢ @zmm 1o
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he cells vore then intvbotod for 80 nlavbes in proincubation mmdium

{ace abovele  SuB poofml. “Meorpining wore then added to the flasks

avd somples wersd token for acld acluble sexbrastion ad timcs vanging

Foom 2 mbantes bo B houwrs. The vooultn ave prepented in Fig. J.7.
14 appesrs fyom those rasulits thed equiliberlum botveen influx and
A

pitlwe war renched of 0 minmabesn, and henos ob 8 sdoubes the offiug

amald bhe meglesind for practical purposca.
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Spontaneeus varistion in sulbured oellis. : P4
Enstability of bhe karyobype in gulibure. : P4

Bogyme sotivity of homologous cleueg. H
esigtense b0 mebebolie ansloguen, ' 76

el
SGhable foobures of ouvlbored solls. x T
Had

Fuctvations of ensyres in culioved ond asuites calls. 81,
Flaotustion of siginnse aetividy in Hels cells. Y
Viructuabion of argloase actlvity io culibured polden

- hongber eolls. : ‘ 86
Seginupe aobivity of cultured and apoilbic Landgohuis esllss ae

e ’
The uptoks of orglaing In Hels colls. 98
el

Fh syinthesis dn oultured cells. : 100



2u {?6% s

Bele Dponbonsovs verletion in cuwltured golls

Apstebility of the bapyetype da oulibnre

Yoll Ghinsge %’s@:&z‘ﬁ‘%’&’%ﬁ?ﬁf‘ eelln, grown in Hegle's wedive (see Appondisx)
plun 85 calfd sovun, wors clopsd fveguendly in the pame modium dn an
atbonpd to preduce a sbvaln of sells with a bhigh clonlng officlenuy
' ém o steble leeyobype (chromonons ﬁ:&:a&:?ip}n;%?siﬁ%ﬁ%} for uee in erperinsnds
on dvag resistence. Howsver, this proved to be move A3fCilculd fhen
bad beon anblelipadede

Examdnetion of the lerotype of theso oells rovealed thot Shero
wvas considorable varistion in the sodal marber of chromgsomes. Vapriadbion
wos alse debacted in the chyomossones bebvoon keryobypes with the same
chromsoons mmber.  Spontoncous variatlion conblnued even alber call
siralne vere cloned. Yhen the strals ves Seolabed by Yorpeaunien in LEGS
bhe cheemosome eonod wos 22 which is the dlploid auwber found in vive.
bardsg ouliure in this Jebowatowy the stialin wes eloned several times
aud tho chyousaose wesber verded frow 21 - 28 (Flg. Sl Five elonos
out of mime hod 25 chromsomzss i two of those, Yelelleleil{3} {(Yofell)

I
o

ond Yeobel@ulellefied (Y=-{0)8}, there wes coneidevable wvariation in $he

t

cheopasanss betugen eplls vwith the model wunber (Fig. 8.8}  Strain

Vel 6}8, which hod been clonsd seven Hlmee in $hio loberatony, showed
struetnrel alberations parbiovlerly dn the large votacentsle Chvomesonss}

kit

both ptraln Y-0-1L ond styain Ye(6§8 corried an ecxtrva sub-teloventric
ehromosonite

2

Stpein Yebe-llel vns geown in - cald serum and Q.50 baebopsptons,
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lonon wvere faclabed by dhe dllublon Lechalquo,
and Shelw chpanesonod wore exanived by the iy &z@’
methnds  The chromosomes of 25, 40 ow 100 oplls wage
gounied dn oaeh cesee.  Tho model dindeibusion of

T3l Ond oadla (Huddio wnpubllohed} wes ocotlmaded fron

phodogrnphn of niuw eolloe
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and was depived Tron ooe of o growp of clones giown in o mswese feaday
&mi‘i.t-mrgm “he waryotype olbsely resonbled the olassle dipleid alihough
it eontalned o extre pedr of metocentric chromosomnes (Pip. S:3).
Farther clonplag of thle streln wap perforsed in the cbsenve of fyeder
loyers ond in 6 serun with ne hootopeptons; vhe cloved lines vero
mpdntedned dn this wediuwa.  The peduced supplement and stwlngent
elondng conditlons way have contributed ko fhe instebilisy in the
anyolypo.

The P2 clone of strein L mouse fibroblosts hos o modol cheonosons
menber of H8-57 nlthonegh the mouse has AUWGL chromsnobos.  ALL the mowse
chvomosomnes are toloventric ut theve sve mony wetucentrics and gube
moteoentrics in the PR clone (Fige 8.8}, Tt is possible that weny
chiompounes of the P2 hevyotype hove sedsen by centromsric fision o
io alse suggestod by the Length of the centromsrie vegloua of sown of
thoon CRIeEOBoIND «

he ovidencs fov the extensive changes in the kewyobtyps of the B2
sbrain fudicates bthat copsldervable slteration of the ehvomopomnss ooy be
dnvedved in the oadeplotion of enleed ¢ells bo oculiuve. The varisiion

of the kneyotype In the Y8 styain lmplies ithab o pevpstuol Inetabiliby

may be produced by earboln culture eonditionn,

Y tlvity of houslosous clones

Bnnyme e

The instebillity of the keryobype lwplies & persistent hoterogencity

G
of the call popalation. & diffevent amample of hotorogenellty, which moy

»

bo relabed to chromesonnd hetevopensi by, bhes been ohaseved in tho reoulis
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of entimadlon of the acbivitics of o oumbopr oFf ongyrog o oolonles
g Sopathor in one vessold.

Hels culiures were osiabllshed by iooculobing 8 ons petbsd é‘s.z‘a}za“,
whih 4,000 cells in o monodisperne puspension. Thoese oelln mftm od

£ A v
Froch sodiun {(foglets o & ealf sorum « &% huosn sovam in Toigecitrabo

s A,

ffered balanced salté sclubion) oneo por weel, and after four wecks
they bad geown dnto ehbout SU0 eolonios. 4000 Yol oolls, inconladsd
ingo § ome potrd diehes An ¥ogle's wadium o BE coldd serun in {eisecitrobo
%,m"*‘ rad belaonced sald solubion wore cultured ao obove and produced
aboulb IU0 celonien.  Culbuves of both eell Gypos were then stalned
without fimnsion by u’k;c; agne oveordey method dsseiribed in "Moleriols and
Mathoda®s

The defictoncies in elkaline vhogphatase, glueoace-lephonpbabs
dohydroponnne, aad Seglucuronidase observed in pone colonies of Helo
and Tel-ld cells (Table 5.3} ove competible with the resords of Valo and
S8 whe obteined ovidenco of similaer belerogenclty in o
strein of husen epltheliol eolle.

The sonpléoration of both chromosoued varistlon and the dlflevanve
in engyue aotivity bobreon hosolegors clenen sbroogly supgestn that ¢oll

cultures npre subjoot to ooatinuous syondoncous variedion.

wwadabanes 4o matobolle snslosuen

Ly atkomst wan madn o Ah&!ﬂ&ﬁ* variant cell shvalns rogintant 4o

e

nasabol io .mt‘d cgmas In ovder to determine whethor som va,s:*ﬁ.&xa" stralng
mighat shov specific oheomosoms mavkors whlch could be coveslated with
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Hogiokaneo of Bbyain Y517 o Hotobholic Anoloouosn
K AN T o ,.m

Analogue Gonsonbtyation Hepiotonoo
G=Chlovopuring Thee/nl ally Resiotond
< Colonicn aftow
12 wecks
SePlunoronracii 6o/ ml o Resiotonco
S=fsnguonine 100pe/ml Mo fesistence
AMiyigiyeine 100pg/ml Gompluto
. Resigtonee
e Seloetion
Aliyislyoeine. Sragd il Listle Apparent
Selegtion
Ayigiyeine L0me/ml Paptial
Resiotonoes
Aminopserin Geldpra/ml Lomplote
Hogiotonoo
Wo deleovion
Arlnoptorin Ine/ml o Repistomee
Disminoperine 100pe/ml o Resiotonco
¥ oHee toxbe

Roolebant otrolng growr up fren chlovopurdne snd ellylgiyeine
culbures, but only oells dn cehlovopurine remoinod

rogiotont bo thoe ancloguo over o poricd of Ge=l2 nontho.
Ropiotonce woo oooniived grodually in both chloropupringe

end allylglyeine=trootad enltures.
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apalogue registance.

mﬁ Y=B5-11 colls vere inopulated into cach of fouvbeen 4 DZ.

4
D

A

bebtles in 10 wl. of the special mediuvm mentionsd in the “¥aterials and
Kethods® sectlon (Appendiz). Notebolic anslopues were added do pairs
of oulituves as in Table J.8. The experimental madium was rencved once
or twice per week, depending on the cell density.

After twelve wecks in the presense of analeogue cells growing in
chlovopuring geve Tise bo o Lfully zesisbant streln, which remsiued

resistont in the conilmed presence of the anelogue. Resliatonce wag

o acguired gradeally, and selection was sufficlently severs on two

)

oscanions, ot three woeeks and fwelve wosks fwron addition of analogue,
0 vedace the populatlon o aboub 50 cells., AL other cultures elither
showed no reosisbence or complete resiebonce. Cells dreated with ollyl-

glycine continned 4o grow bub never becawe fully vesistanty thoy reguiv

i)

vescue perlods in nermal medium ab frequent intovrvals (every five to fon

transfers) ¢

The relavively frequent cecwryence of alterations in indlvidueal
chromosomes ard in the modal numbay ol chromosomes would have made
correlation of annlogue resistance with speclfic chromvsome pabberns
very difficuls. In addlition, the graduel scquisition of vesisiauce

to mobebolic analogues did not imply a singleestep provess which could

hove boeen covmeletoed wilth a chvomopomal change. Consequently no abhbemph

was made to covvelate resistance 4o metobolio apnlogves with chromosengd

ehaprralities.
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Horpholosy of ouwliured cold aiwains

(1) Epithelisl, f&s’&"ﬁ}lﬂg

Y.% .
A HI celisy groun on covenslips

Stodned haomolum ond eGoine
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Ho8e  Htpble fentuven of culbured cells
Toe aupearence of the awlitured colls weed in the prosent exporinsnis
sould be pavslelly cervelated with the origine of the eclls, and had

remained chovooteristie of the sbraine since thedr entablivhnm gﬁéé,m
Batky Hab)e  Those of eplthelisl origin, stvalng MM and Hels, wewve
wpound, flobtdensd snd dvropulor; Lines of fibroblostico ovdgln, ©ege

atrain b oovse Libeobleste snd siradin -5 Chinoge bomoter fibrobloots,
were usually olongpied and often aspumed o spindle shage.  Susponaion
oulboves of E;cmémhu‘am ond 3;;53,“’3’%; oells could be distlaguished fvon
ench other by oelld sisze.

Those wuliuved call streing coudd olse be dletlnguished by thelr

protein conbont (Pable 3.8). The epithelial lizes had the highest tobtal

nitrogen, bbont P-lE nge pey 1nd wollo, whovens the fibroblnsiie oclls
B Ee F

% )
hed only 40l mge pow 316P eolin. The LULYSY ascitic cells hed less
than 8 nge pey 108 oells. ALY bonrgh, bhes » conslderoble variotion

from specsinen bo spevlmon, it wes clogy thad the a&i ifevent typen foll
whihin eortein Glotined linlis.

The fibecbleatie and epithelisal vell lines had epproximately eqund,
sopunte of soluble protein, and both VOTE greater then in the asceldio
aedls. HBbrain L fibroblonts and LILTAY sscibes celle in ovlturg, bhad
n lower Patico of botel Lo gelublo probeln, shouwt l.0:l, thon the othew
Lines wilch hed rablos of Be-8.8:3,

bunsyme opblvities of culiursd colls mipght be expected o pllow ;:{

wepe pracise charasterination thon yu w;;;mim.u leal dosoription. That thio



Ll 53{} =k

in an i apperent fron & survey of twelvwe ennyrss o flve culbured cell
stesdng and fwo ageitie tumourz. Tho veswlis of this survoy ave

praponted In Plgs. $:63,17,

9 &

The i"iié;!':’z.-%;:m el Lines wers disdin f‘:’,x,u‘mhah% Leol 4 g by thedr

high phosphabase aolivity, ag uwasvred by uope-spneific aeid ond alinlins

phosphatiee, ond by gluconssdephoaphabese.  HLWM bad grester aotlivity
of ench phosphatase thon Hela (Figss $.8, 3.7, S.0)3 dts hWigh glusonge

v o

Gephonphatose aodviiy may e eowralobted with ibs ovigin fvom liver.

PR

Gluneoeef-phosphata-dahydvogenae ise e DeA8) and thiosulobote sulphure

trensferase (Flge S.34) were hlghew in MM apd debs cells than in the
other Llines. londschuts soceiten colls could bo distivguishoed from the i
LELYAY spoitos by thelr higher thicsulphnde sulphur tronsferess (Mge S.24). 1

[
N

fihen the actlvities of the variows ot yies viere considered on the
bagio of eall mwher, lootio ﬂ.,;e,}*f.h*ﬂggauww {Tifme S.12), cathepsinel
(Flge Se8}y ovylestornne (Fig. Sll}, and glutaqyl Sransferone {Plg.05:17)
wore all higher in the Jarppay oolls, Heln, ML L styain, ond Y-b.
Yhen theso aoblvities wore celauloted on the basis of ouluble proboin
albbrogen, all the obll Lines bod approxivately the some eobiviby.
fevertheleasn, oven when coleulated dn velation to soluble protein,
pore ohoracteripile ddiferenves remainsd, These vore the potivities
glucose-fephosphobnm, acld and alkalinge phosphoione,; glucopgesie
phasphate dehydroponapa, amd ’i;%‘aimmiié;géﬁmm:z mtbohor drenaforose in Hols,

T, awnd Lendechnbs aseltes mentloned above.  The persistonse of theoe

stable diffeoroncen, which aldlow thepe 1ines o he dlsdinguisbed, implies

v



£, v - R
e BT

PRERDIIN P IR Try o St Ry

[ 5 SR I, SO ) ) g '] e n o 3 » W p e 8w,
o eawivity of culbured colis ond bud apelbes

T

T

BRAOUT e

QT T TR

>

-y
.s[i‘u:é. P

a2
%
W2y

+ 3 e % S SR
L3zding phosplintesde

o
g

glncana-Gephonphad:

02
o

e
R

2o} o 2 o kS
ALl phopphodndae

L
£
ps

i L) v
Gothopuinede

£
]
RN

5 SR T e . N
330 feglinourenidauc.
2,1 T L R R R

s oY LA PR QIINVANER Fi i N 2a 0 LS

3ed2  lootebs dehydnbhesnngcs

*

y=Oephoaphet dohydropenante

y

Eke{s]s]

e

i
o

.
Lamt
L
=3

Phicsnlpheto aulphay bronofopaits

Y

S
E:<)
-
tod

o

.

el Aeginenco

b N 4wy ey Vg T oy 13 4 P - s e b
300 Aspariode swling drenmlovesie

“3 2 W * e r Fhe i gror e o g 4 .
JedF  Degludomyd fyvansiforaide
R P S R T S P SRR S A R . S

Likoling phoophafese and eoparioby oRIDOLYINEEESES0
N SO WO, TR Y T . R
pore oodluntcd dn coll onbract propeved by freosing ond
N i PR wreih e R T— X b il oL By e o 2o gy kD
thowdng 3o &0 podivn dooryeholobae Tho other ongynos owe

S T e es PP T I R A et £ v -53”" c y
cotinased in feoson end thowsl oxbzectn in 0090 Nall olopos

—o gpacific eobivity by prodteln nitwogone
*~—o u i coll nunbors

Each Poa'nt 15 the ensyme q(?,‘ti.\fit}j ¢ e
Each sample was haryested ot different t'""‘-’: ) Ll
da.Hs to Saveral weeks a'—a;ofv@d between Sampi€

P

ST | .
of a cupli caled S’C’fmplg,
eral
S

3




ALV FHUDFHALE/ VN IOOMg [OITAL NLTROEN

ASV.IVHISOHd INITVATY

0
00! -
0¢
002~

LANOSCHUTZ

)

w - o | | L5178

Gq.s'cz'tes

df) ) : LE/78Y

(Cultured )

—0001
-00S51
-000T

(9]
o
7
_eeMPBHOSPHATE /MIN/ 10'°CELLS

ASVLVYHASOHd ©-3S00N19

o 0 ' ~4
(62} ®) (&)]
{-= { ___ o . Hela
e —o- 0 .
@._.._._.._.!...._.{l!;.._.__. ——— LN
[
4 L
T
2 . LANDSCHUTZ
1
Shho | v-5
@O LS8 Y
) (Ascites)
> LEI78Y
;:; o . Cultbured )
N Q o1
o o O

. | |
_uM ELucosE /MIN/ 10 CELLS

0989 D%—i—_‘i—

Fxj
o

W



ASVIVHJSOHd Qlov

O -NISd3IHLYD

AN CTTINTEIAL WS TS AL TGy WAL e b BN IR TN

3 3 3
m Hela
S T T T T T o Am
6}951’@ ‘ LANDSCHUTZ

g@i@@ - L5178Y

S (Ascites)

:!D@b) L5178Y

hé) CC‘a/fured)
(@)

+
—-00|
-00¢

M BHOSPHATE /MIN/ 1O CELLS

,um"“"?vrzos:NE/MJN/loo mg SOLUBLE NITROGEN
T |

1
o 3 &
l G__._@_.....é}......__ - —_—l A Hela
°ot—o obo HLM
e ___ o | L
o -|S:>- o
QO LANDSCHUTZ
oo '
e S | ——0 y.5
!
o o © o L5778y
cD|-—0 ' (Ascites)
: L8178y
oo jo-© (Cutlured)
X g K

I i
M TYROSINE/MIN/ 10 CELLS )

*5TH

oY



ASYAHILSITALGY

ASYAINOYNDNTD -

AN OQLULU RKUINITVR/ VNS QTN OULWDLE N ROOEN

i I ]
3) re) o
G 0-G } -© o Hels
O — — — — - e O O — = = = — = - I S
@...’.._._..._.{___._@ HLM
&
L
(< i
3
B | o) ) g:?
; | ~
T ——— o canoscHurz |\
o ;"
Q...é)....@ . Y"S
o ' L o o L5/78Y
€of-0 ' (Ascites)
o—p—o L5/78Y
clo : Cultvred)
5 8 3
_uMPELUCURONIDE/MIN/ 10" CELLS
oles
_« M®ACETATE /MIN/100mg SOLUBLE NITROGEN
T 1 !
d (e -
Q_I — e -o—-0 ‘ , Hels
N
o¢—o 0o]- -0 ' HLM
G Ci o ..
O = O e e = - -0 . L -
2% TS © LANDSCHUTZ |
i‘__"i
e b ) -
o--% ———|-—00 Y5
b L5/78Y
e )
o--0}--—0 . P (Ascites)
R o o . .5/78y.
- ST - Cuttvred)
- [y (7
3 g 8 °
-~ 0l£g . N

ACETATE /MIN/ 10" CELLS

M



FSYNIOOAAAHIA FLIVHASOHd 9~-3S00N1O

ASYNIDOUAAHIA JIVIDYT

eﬁa>
‘3““?‘9 o LANDSCHUTZ

oo} o y.5
™~ ™ l FaY
M ey i = LES/78Y
o CAscites)
PN — o . L5/78Y
(%o ! o (Cultured)
5y o &
: S 8

_uM"BYRUVATE/MIN/ 10'°CELLS

AE/MIN /1Omg SOLUBLE NITROGEN
I T

l
5 S 8 S
e o— o
O— — — — — — -o- |- o ———— ) \© teLs
e} | o
O -G o = o AHLM
)l
c--0-0-0, L
LANDSCHUTZ
G—l'e'o . ) Y-5

6 o0 L5/78 Y
w

(Ascites)

G—}ee LE5/I78Y
’ Cultvred)

001
-0Gl

*STd

gL*¢e

AE/MIN/10° CELLS



- MO THIOCYANATL/ VN fUVMG SULULBLE NIHTRKOUGEN

- ASVYEIISNVILANHATNS FLVHATNSOIHL

T
w o o

oo o Hels
Qe - |
Q———__Q_E + 2.. L.. ......_...._0_@ . | HLM

SIS | L

c

Lo \\Z L5I78Y
\\—Q(Asc/te's)

LE/78Y
Coltored)

Gl

o o

1 ! 1
_«MPUREA /MIN/ 10' CELLS

o -¢9—QOJ'JJ ° ' LANDSCHUTZ.
-5
L5/78Y
(Ascites)
LETI78Y
" o - (Cuwttured)
T 2 T
M THIOCYANATE /MIN/ 10"°CELLS
_uM*DREA/MIN/10O mg SOLUBLE NITROGEN
I\ o 4
(8] O (&)1
N .
&l—_‘. ._'Q © Hels
o Him
[4}]
- :
& ,- -
(=’ LANDOSCHU TZ
;7; © @—-—-——'—-———-—0—|—?--—---—-—®
(8)]
mo|p
g s




dSVIIISNVILONINY DILGVdSY

ASVIEIISNVILIANYLINTD -G

Vi R A LA R o gl A el S St 2R A A 9 L B A

TN
BN o
o 4 o Hels
Go-0 | o HLM
GO — b — — [ e o)
o-0—| ) L
O = = — fmm - -0
o © —e0 < . LANDSCHUTZ
N |
o
- o--g}-~0 r-5
o o—g—o L5178Y
(Ascrtes)
e {—eeo LEI78Y
_______ O O — — :
© o = & —-° > Cultured)
3 s O

M BXALOACETATE /MIN/ 10" CELLS

le®
M HYDROXAMATE /MIN/ gm SOLUBLE NITROGEN

1
5 & @
al - !
© t © o-0}--0 -Hels
o ] .
oI o
}m{:}@ ‘ L
=N ’

A e LANDSCHUTZ
0e-0 | o rs
OO == —O—' = | -0

c?.o ’ - L5778Y
, (Asc/tes)
do © oo L5778Y
' — - (Cultvred)
) S G
o S o
i

uM'HYDROXAMATE /MIN/ 10" CELLS




5.5.

o B3

- 3

that euliurad colls do net assune o commondediffeventiated: form.

Fluctunbion ol aamyies iy vl i,s.rg*ui ond anelibe colls
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in addid im w %&M‘: :x;*a-:rggﬁ‘ﬁa}éimz:fé;'1-31@- -ﬁiﬁ?f‘aﬁ:@e}zﬁmm in ongyne eotivity
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thad Gi’}“‘?’ém wacdkse eortain oall steaian, £ aia,m HLONS I pomt OnEyLoe
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wore nokod w:”g. dadn Bhe seme styain.  Thiosulphabe sulphr tvonsferose

yeAwi by vas?"} el gved threefold in h)’m and Iandschubs asclicn oelils

¥

(Flgededd s  glucoaselnphingphn i,c:‘ ﬂ'w‘ye‘lﬁ@gﬁﬁt s o Glviby Vo

Led fourild
1a .tlc}fiﬂ- eelde (Pigedd)s olualine phosphotbss netividy varied teafeld
in Hola colle o aﬁ ii@m:‘ 3@ dn BB eollo (Fige 5e8)3  plucose-tephospinioss

v varded threafold in I codlas {(Fige 5.7)3 peglucuronidass

«

ey

aobivity varied sizfold in flafo colls (e 3020} asporbie muinge
Bronslerang z*.mn.'va. by varisd tenfold An Hele collo (Pl S.14)

Deglutamyrl tronsferase oo0bivity varded skxinld m % w&% aza:i.lm (Fige &edF}e
Awrpinape sobivity fhuctueted abont dthieofold 3 » Lendpohats ond
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Xj.eﬁéi?éii‘z asGh bon mié.i,: in she enimnl, ond wos ahient M’i«@ wabiier from bodh
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thene obening in cell gudture (Flge 9.18 ; Table :E’JQL?,‘EE},,
‘L‘L’wm Flucumbions in the sbuence of any deliberate elioraticas
oL the :s?s;m:m ctive svbatrotes i the mediem fsply thot the aotivities
Of Lone eneynes ars sensitive Ho esréoln wmm i 30 the < ’zzziz,fm‘;r{a madinn,
Thig sugeeats thal they moy be adoptive.
PRy Gomperiig Somo {aru»l.i. Linss with thelr tissuves of opigin, many
workers bove clodmed “v*mm the cells bovome deddiforontioted {(ace Intvoduction),

and thereby lose shole clwrsoteriotls eonzymss. The uneerteldsaby of the

tiwe orlgiimd ideatity of any strain mekes correlation of culiured colle
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with their ovigin very difficull, bud the evidence of fluchuations

in ensyme sctivities prescated above suggests that cells which lack
gwﬁmﬁ ézﬁrzs;n‘ 24 while in culbure, may do go as & resuld of the absence
of the sppropriate Induceds.

One striking exasple of apperent adapbtation in the i‘is’uxsfﬁf of
caells fom the animel to sell culbure ig the differencs in arglnsge
agbivity of the LBL78Y lymphoma cells. Arginase was nos detected in
m@liﬁ:@é calls bul was present in considersble and varlable smwunts in
agsites calls (Jﬁ‘.s.,gﬁ 318} taken from wmive. Two other sireins showed
the presense of ayginase, the Londachubsz 5&3&’3:;?.‘&@{:3 in vive, and strain
ﬂ@lﬁ in cell culture. In goch the ancunt f:ﬁ? activity differed betuween
assays of difforent stmples.  Although lisé;-isz.é evidence of arginuse
inducticn was obhbalned with the LBLTSY strain in cell émzli:ém's:’aag. Hobirell
(1962) did achisve increased srgimse eckivibty in Hele cells w‘:’fz;ér | |

indibation with srgining.

Finctuation of avcinase activity in Hele solls

The aln of the folloving experimsnts wes to determipe 18 the
fluctuagions of ensyme octivity in cultuved cells were Gue to enpyus
adaptation. Arglnagse was selected for these esperiments becouse of
the resulbs guoted above.

Schimke (1968c,19684) hos sugpested that srginmse is substrates
induced in Hela cells and l:@i,“%s!&l.i (1962} oblained increases in arginsse

activity in Mels cells incubsied with svglniue and citeulline. Earl