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SUMMARY

Time I)lmtlmt mmlkmmloid emunmpto)t-hecini inimibits the synthesis of DNA mind RXA in HcLa cells

at. co)Iicentrmmtionms t-iua-t- do nmot initially influence proteimi syi-ithmcsis. J)NA, isolated from cells

inhibited by camptot-hmecimm, has a sedimentation constamut of approximately 40 S under

tulkahin-ic comiditions, in-i contrast to time imigh molecular weight DNA found in untreated cells.
Immimibitiomi of RXA svnmtimesis in in-itmuct- cells is completely reversed by removing time anti-

biotic from time nuedium, ‘smhulc DNA synthesis is only partimully reversed by this procedure.

(‘anptot-imecin does not sigimificantly inimibit. activity of time DXA-dependent RNA poly-

nuc-rmmsc isolmuted from Escherichia coli or of DNA am-id R-NA i)Olymermuses prepared from HeLa

cells. Time structure-activity relationships of camptothecin tumid its mmnalogues, as determined

by timeir effects on nmucleic mmcid synthesis in-i HeLa cells am-ic! on time sedinmentmutiomi of DNA

obt mmmcd fronu drug-tremuted cells, correspond closely to their activity in-i suppressing the
gmowtim of titnmors iii experinucmital mmnmimals. Time inhibitory effects of eamptot-imecin oni nucleic

acid synthesis may miccount for its cimemotimerapeut-ic properties, mum-id time reversibility of time

effects on RNA synthmesis suggests timmut camptothecin may be a useful tool for the study of
mmummemonuuolecuthmmn symmtimcsis in-i munmimal ceils.

r NTROI)UCTION

Canumptot imeeini is mu cytotoxic milkaloid

found mu time stenm ‘sm-oc)d of Caln/)lol/oeca

icttiiiinala (fmtnuilv Nyssacemu-e). Time struc-

tures of cmunmptot hmccin tumid its munmmlogucs, mm-s

dctermmimmed by Wumil ci a!. (1, 2), are shownm

mm Fig. 1. Certaini of these compounmds cx-

ii ibit pot emit ant itunuor muet ivit y mm-gainst lcu-
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12, 283 (1970)].
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kenuimu L1210 in mmmice tumid %Vmulkcr 256 tunuors

mm rats (4). Son-ic l)imiirfluacologiCal proper-

tics of camptot-imecin imavc beet-i reported

(P5) , prelinuinimury clinictil studies imave beemu

i)ubhisimedl (6) , mmnmdKcsselm amid otimers (7-10)
immuvc described various effect-s of campto-

timecimm omu nuacronuolecular synthesis.

Time prcscmmt papen- describes effects of
canuptothecimi Oh mmuclcic acid synthesis iii

HeLa cells. Lo’sv conmcemmtrationus of time drug

inmhmibit the synmthmesis of DNA timid RNA but

do miot inmitially immflucmicc protein symmtimesis.

Canuptotimccin induces time conversionm of

high nuolcculmtr weight T)NA to muform sedi-

memitinig at approxinuately 40 S under alka-
linme conmclitionms. Thmcse effects or-i imuclcic

acid muuetabohisnm numuy accoummt for time rc-

� I). Kessel , (36) and l)enso)nal co)numunicm-mt ion.
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ported chenuothemmupeutic properties of time
drug.
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1hlaieiials. Camptotimecinu an(l its analogues

‘smcre kimidly provided by Dr. )oI. E. Wmill.
Sodiunu canuptothmccimm ‘sm-mis obtained fmonu

Dr. ,J. L. Hartwcll and Dr. H. B. Wood,

Jr., of the Cancer Chemothmcrapy National

Service Center, Nmmtiomial Cancer Institute.

Unless othcr’sm-ise stated, eamptothecin was

used imm time form of its sodium sm�lt mind ‘svas

dissolved imi water imnuediately prior to use.

Actinomycin D WitS purcimased fronu Mmummmu

Research Laboratories; H-muctinmomvcin 1)
(3.4 Ci/numole), from Schmwmmrz BioResetmrcim;

calf serum and media for tissue cultun-e,

from Granmcl Islmmnd Biological Compan my;

calf t-imymus DNA mmnd pam-icrc�tic I)Nmise,
fronu Wort huington Biochienuical Corpormm-
tiorm; ribo- and cleoxyribommueleot ides mind
imucleosides, from P-L Biocimenuiemils; iummd

Triton X-100, from Rohmm mind Haas. Anu-

thranuycinm, in-i time fomnm (If its meth�-i (-thm(-m’,

CH3

�CH2

S,-,- N� � �0

CH30� � � N’ 0
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C H3

�-CH2
-OH

� N �
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mmmd muderuovim-us 2, conutaimmi rig ‘4C-thyrnidimue-

lmmbeled �)NA, mmere gifts fronu W. Lc-img-

ruber (If Hoffmmmmimi--Lmm Roche tumid M.

Hon’smitz (If the Alb-n’t Einstein College of

i\ Ie(hcimme, respectivel�- . Umuifolrmiy labeled

‘4(1-leueinie (252 mCi/mmole) , ‘4C-uridimme

(52 rnCi/numole), 14C-timvmidinie (54 mCi/

mmole), �\qumusol, ti-rid Liquifluor were oh-

tmiimtecl from Ne’sm Emmglantd Nuclear Corpora-

tionm, tmni(l H-GTP (1.3 Ci/nunuoie), H-TTP
(10.4 Ci/nmnuole), H-uridinc (13.8 Ci/

mmoie), timid H -timynuidimme (6.7-24 Ci/

nmnmole), from Scim’svmurz Biollescarch.
]Ieasui-eineni of DNA , RNA, and pioleiio

synthesis in HeLa cells. HeLa S cells ‘smere

gro)mmnu ill suspeimsioni culture imu Emugle’s

nminimummml essential meoliunu (11) supplemenuteol

mm-itii 5 Yr emu-lf scmunu. Time cells ‘sm-crc immur-

vesteol by cenmtrifugmmtiomm for 3 mimi mit

1000 X �j ammo! timenu m’esuspendcd in mimminumml

essential medium supplement-cd witim 5 Yr

emmif sem’unu, mit a concemmtrmution of 3-4 x i0�

cells/rn i- Leucimme-oleplet ed medium (mmmi -

nummh essential nuuediunu ‘svithm time icucinue con-
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e(-mutrationu nedueed to 0.02 nmm’sn) su�Iple-

nucnitcd with 5 7 cmii! so-n-inn-i was umse(l for

memisimrimmg proteimi synthesis, timid nmininumml

essemmtimtl medium supplenmuemmtcd mm-itii calf

serum, for- measimremcmits of DNA mmmd RNA

syntimesis. ‘4C-Leucinme (0.023 uCi) , n4C_

timVmiui(linme (0.05 MCi) , or ‘4C-unidinme (0.025

Ci) was added to ti-me cell suspenisioni (1

nl), mind the rmutes of symmthmesis of proteinm,
1)NA, arid RNA were oleternuinmed by meas-

umin-ig the respective uptmike of these lmubelccl

imecursors into) cold t ricimloracct ic acid-in-
soluble materimml. Omme nmihhilter of timo- cold

buffered salts solutioni described by Emurle
(12) (buffer A) mm-misadded at time enmd of time

imidicmtted period of inmcubmmtiomi, and time cells
were collected by cenmtnifugationm fon 3 nuin

mit 1000 X �i. The superimmutanmt solutionm ‘sm-mis
dccmtnmted, and time ceils mm-crc lyscd by ti-ic
aoldition of 1.0 ml of cold water. Tiiemm 2

ml of 10 % trichlormucetic mucid ‘sm-crc midded,
the mixtures ‘sm-crc chilled for- 10 mini, amid

time PrcciPitmttcs ‘svcre collected onm i\Iilhiporc

nuenbrane filters. Thm- filters were ‘sm-musimed
three times with 5 i/f tnichuloracetic mucid, mit-id

tue radioactivity ‘svmts determined mis de-

seribed belo’sm-.
ileasuiemeii I oJ 1il)O5(O1l a! R.\�’t SIJn ihesis

in HeLa cells. t4C-Umidinme (2.5 j�Ci) ‘sm-as

mLol(!cd to 150 n-il of HeLa cells (3-4 X 10�

cells/mi) suspenmded in nuinuinual essenitimul

nuedium supplemented ‘smit-ii 5 Yr calf serum.

After 4 hr tho- cells wene himirvested by

cenmtrifugationi, ‘smmLshmed by nesuspemisioni imu

frcsim medium, timer-i cenmtrifugeol mugainm, mind

suspended in a buffer conupose(l of 0.01 imm

acetmute (pH 6.0), 0.1 ‘si NmmCl, mmmd 1 m’sr

EI)TA (ANE bunifem). Lmmbeled HXA ‘sm-as
(-xtmmuct-ed Ironu the cells witim cold piiemmol,

usin-ig ti-ic nuetimool described by Perry an-id

Kelley (13). After precipitationm mvitim etima-

imol, time RNA ‘sm-as dissolveol mi 1 ml of AXE

buffer arid residumil pimeniol ‘sm-mis renmoveol by

shaking with ether. Approxinmmmtely 7 ab-
sombancv umiit-s were suspenuoled mu 1 .0 ml of

ANE buffer, therm layered on 36 n-il of mu 5-

20 % (w/v) sucrose gimuolienmt I)repmm-med in-i time

same buffen. After eenmtrifuga-tiomm for iS imi-

mit 20,000 rpnu in mi Spinuco SW 27 n-otor at

40 fractiorms of 1 .0 n-il were eohlecteo! from

time bottom o)f time gm’mmdio-nmt ‘sm-mile the optical

olenmsity mm-mis sirnunit amieolusly ree(Irdeol by

nncmmmms of a flo’sm co-li attmucimccl to a Gilford

recording spect rophc)t orneter. RNA ‘sm-as pre-

cipitatcd onm Milhipore nuembranue filters by
time additionu of trieimlomacetic acid and time

rmtdioactivitv ‘sm-mis determined as described

below.
�1easureiiie ii I of leuc-ine incoi-poiation b�

lysates plepal’e(l firiin i-abbit reticulocyles. Re-

ticulocytosis ‘sm-as inmduccd mu Ne’sm- Zealand
rabbits by ti-ic adnminmistration of aceto-

pimeniylhydrazide (14) . Crude h-sates ‘smere
prepared fronu these reticulocytes, and the
syntimesis of globinu ‘sm-mis nca-sured by the

metimod of Adamsonm et al. (13), using modifi-
catiomis described by Zuckcr am-ic! Scimulman

(16).

lIeas-ui’eineni of -ui-idiioe and thyin i(line

nucleoiides in acid-soluble pools. HeLa cells

‘sm-crc suspended in 1 .0 n-il of rnim-iinual essen-
tial nuediunu at a- conmcemmtrmution of 4-5 X 10

cclls/ml; 25 j.iCi of 3H-tiiynuidimmc (24 Ci/

mmole) or 3H-uridinme (13.8 Ci/numole) ‘sm-ere
added, and time suspenisiomi ‘sm-as inmcubated

for 10 n-in at 37#{176}mm tue presence or absence

of camptotimccinm. Cells were collected by

low-speed cenmtrifugatioln-i, ‘smashmed ‘s’s-itim buffer

A, lyscd in 0.�3 ml of 5 Yr tricimloracet-ic acid,

and alio’svcd to stmmnmol mu mini ice bath for 10

mm. Fohlo’sminig cenmtrifugation at 10,000

rpm for 20 mini, precipitates ‘sveme renuoved
and 100 �.tl of tue supemniatmunt solutioni were

cvapormutcd to dn-ynmess at approxinumtely L5�

umider reduced pressure. After rcdissolving

in 10 /.Ll of ‘sym-tem, time mupproprimutc ruucleo-

sides and timeir nmomuo-, cli-, and tripimospimates

(0.1-0.5 �.omolc o-michm) ‘sm-crc mudded as carriers

anid scpmuratcd by timimm-lmuyer cimronatogra�)hy
on cellulose as desen-ibed belo’sv.

Assay of Eschei-ic/o #{237}acoli RNA polyinei-ase

aciim’iiy. E. coli H NA p(Ilymcrasc, previously

olesignmutcd amrnolmmiunu sulfate frmuct-iolmm III

(17), ‘svmus a gift frommu 1)r. Unuadmus Mmuitra.

Time muctivity of this enzyme ‘sm-as determined
in mu stmunmoiard reaetiolmm nuixture con-itainimig

Tris-HC1, 1)11 7.5, 20 ��nuoles; MmmCl, 1

�.in1(Ile; 2-nmcrcaptoetimmi-nmol, 1 /2molle; ATP,

UTP, ammo! CTP, 60 nmrnd)lcs each; 3H-GTP,

40 nniolcs (25 � /�mole); native calf

t-iiynuus T)NA, 10 tog; tin-id 0.5 unit of cnzynue

in-i a fin-ia-i volume of 0.25 ml. A remu-ction

nixture lmuckinmg I)XA ‘sm-as included to de-
ternmine bmickgromnnmd i muo-orporation of rmudio-
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activity. Remictio)nms ‘smere temnmimmated by the
additiomu of 1 .5 niml of cold 5 Yr trichlormmc(-tic

acid; time nuixtume ‘sm-miscimihleol for 5 nuinu mmnmol

20 j.umoles dlf sodiun �)yro�)imospimmmte ‘sverc

added. Pr’ecipitmites ‘sm-en-c collected omu Milhi-

Pore nembramie filters an-id rinmsed three tinues
‘smitim 5% tricimlormucetic micid! tunic! three tinmues

‘smith 1 � tricimloracetic aciol, mimic-i time rmiohio-

activity ‘svmms determinued as described belo’sv.

Assay of RA’sL�i. /)olymelase aeiiviiy in ucLa

(el! nuclei. Nuclei ‘smene I)mel)mmred! mis I)nevi-

ously described (14), ‘svmushmccl by time metimod

of Friedman-i (18), ammo! suspenucleci in musohum-
-tiomm composed of 0.01 um potmissiunnu 1liios-

1)hmmite (pH 7.7), 2 m’si #{176}slgCl2,tin-ic! 1;) mumg/ml
Of bovinme serutm albumin. Emuzynuc activity

‘smas (let-ernuned in-i reactiolmm mixtures conm-

taininug Tris-HC1, pH 5.0, 10 �mmoles; KCI,
7.5 �moles; MgCh, 0.5 pnmohe; Nmml’, 3

�.imoles; cvstein-ie, 1 pmole; ATP, 0.1 �.inuuole;

UTP, 0.04 �omole; CTP, 0.04 �umole: 3H-
GTP (1.3 Ci/mmole), 0.5 nnuole; amid 0.03

nil of nmuclcar suspensiomm (40 X 10� nmumclci/
ml) in a volunmc of 0.1 nul. The reaction ‘sm-mis

terminated! by the aolclitiomm of 5 % trichlor-

acetic acid , munmolt ime radiolmuct ive PrcCiI)it mites

were processed as described mu time preceding

paragrapim.

Assay of D�VA /)Ol!jlllel(1-.Se (LciiVit/] in ucLa

cell nuclei. A suspemmsiomm o)f nuclei ‘sm-mis II10�

parcol as described in tia- pmecedinmg section.

Calf timvmus DNA ‘sm-mis tmetmted for 6 nmini

at 37#{176}‘svith pancremmtie l)Nmmse ammo! imemuted

in a boihinmg water bath for 10 mimi, mis che-
scribed by Friedmmmmi (18), to obtmuirm olpti-

nual priming activity. Time activity of 1)XA

pohymermuse ‘s’s-as nuemusumeol mm remiction mmmix-

tures conutaimmin-ig Tris-HC1, pH 8.0, 3.5

.inuoles; MgCl2, 1.2 .irnoles; dATP, dCTP,
arid cIGTP, 0.12 /2nmole cmuchm; 3H-TTP (75

�mCi/pmole), 40 nmmoles; primer I)NA, 25

pg; an-id 0.03 ml of time nmumelcar suspenmsionm

(30 X 10� nuclei/mi) in mmfinmal voiunmo- of

0.1 nd. Time remuctio)ni was t-ermmuinmmmted‘svithm 5 Yr
tricimlormucetic acid and time radioactive pre-
cipitates ‘sm-crc processed mis describeo! above.

Sucrose densiiy �ji-adieni analysis of DNA

obtained jroin HeLa cells. Alkaline sucrose

gradients ‘sm-crc prepmureol by a shigiut nmuodifi-

cation of time nuetimod oleseribeci by Hoohge
and Scimmmrff (19). Foun-teemu milliliter’s of tu

5-20 � iinmemmr sucrose grmo(lienmt, conmtmminuinmg

1 .0 iii NmmCl, 0.19 mi NmiOH, mmmd 0.01 ‘st

1-HYI’A, were lmivcre(I over mm0.5-nm! cushion

of cesiunu ciilomide (denusitv , I .8 g/nmmi).

�1’ime gradienuts ‘smerm- o)verlai(l ‘smithu 0.5 nul of mm

soluttioni cornl)osedl of 1 .0 ii Na-Cl, 0.19 ii

NmiOH, 0.01 -ii EIYFA, anal 0.s% sodiunm

(leoxycimolmite. HeLtu cells useol mm these cx-

pen n-icr-it 5 ‘smen cdli leet ed by cenit rifugat ion,
resuspenmo!(-(I in-i 0.3 mmmiof 0.15 ii NmmCi,

ltiyemeol oh thuo gn’mmohienit , tumid inmmedimmtely

centrifuged mu mm Spinico S’uV 27 rotor mit
15,0()0 rpn for 15 iir at 4#{176}.lrtmctiomms of

0.6-0.7 ml ‘smere colleeteoi by mea-nms of a
huger punmp, beginmnuinmg at mm llositio)nm 2.5

en abovo- time bottonm of time tube. riii

sdllutiolnu renmiminlinmg mmm time tube ‘smas dis-
rupte(l by sortie osciiiatiolnm for 20 sec in a
Branisomu model \V 185 Sonmilier set mit posi-

tion 6. All frmictionms, iriclimohiimg time sonuiemuted

nmateminii, ‘sm-crc mmdjust(-ol to mm fimumul colmmcenm-

trmutiolni OIf 12.5 �-�; tnieimlolrmieetic acid, mmn(l,

alter .stmmmmohinmgfor’ 15 mmmiiimit 4#{176},precipitat(-s

‘smere collected on \IilliI)ore niembrmmnie fil-

tens. l’iltcrs ‘smeme ‘smmishme(l three times ‘smitim

5 (;; tm’icimlormucetie mmei(l, amm(1 time rmmdiommctivity

‘sm-mis cleternuimed IiS described bclo’sm.

T/i in -layei- cli ioniaioqiaph y . iii mm lmu\-(-1s ( )f

eelhumlose, nouniteo! omm Ilimistie backings, \mer(-

olbtainme(! fronm Emistrnanu ( )rgmmmmic Chmenicais.

Nueleosioles mumm(lnmucheot i(lcs mm-me sepmmn-at (�(i
on cellulose, usinig mm solvent syst-eni (20)

eo)npose(l of 1 -butmmnm( )l , mic(-t(Inme, acetic mici(1,
S � � NH4OH anuci ‘svmmter (45: 15: 10: 10: 20).

(‘ommupounids mmere visumiiizeol mm-itii ult-rmivioiet

ligiit , time ehmronumttogt-minns mm(-rc cut into

0.5-en-i pieces, muimd time radiotmct-ivity was
cleterrninieol mis olescrii)e(l ilelo\m.

J)ciei-in in (Ii lOll of 1-(1(/ioa(-i ii’iiy . Rac!ioact i Vt-

I)recillitmmte.s coiutmuininmg tritimnnm ‘sm-crc colheeted
on \IihhiII(Inc filters Imni(l treateol ‘sm-itim 0.6

nl of NH OH for 15 nuinm, dissolveol in 10
ml of thio- scimmtihlati(Inm niuixtmtre described by

Bray (21), mimic! coumnmteo! ‘sm-itim mini efficiency

of 14 �, mu mmPmuekmimo! �1’ri-Cmirh liquid scinmtil-
latiorm coumuter. Preeillitmit es obtainmo-d fmonn

alkmiiimmo- sucrose gradienmis mmere collected oni

?olihhipor’e filters, dissolve(! mm 10 ml of Aqua-

sol, ammd count-ed withi mum efficiency of 25

Preeijlitmites colnmtmminiimmgt4C ‘sm-crc mulso coi-
leeteol Ott \IilhiI)ore filters, giued to plamicimets,

oliieol, ammo! counted ‘sm-ititmini efficiency (If 21 �

ito mmNuclemim-Cimicmmgo lomv-hmockgmounmd comnnu-
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/)‘,il in 11(1,0 coils

((‘his m�o’n-e inmcoml)mnt (01 ton ho mint nt :37#{176}, tool I ito

inmcorpornmt ionm (of m’mu(iionnct ivit y intl o t n-iclmionmm-cotiu

:u’i(i -i 0150)1 millie nnmot en-id Wmns onsed I (0 ‘mmli onl mite Iha-

ntntes of s�-mnt hesis of 1)0(1 (-(On (A A) - RN A

(0 0) munm(i 1 )NA (Li [1). wimiclm, mm the
o’nunt n-ui remoclionns. wen’o 15(M), 2-492, monnd $67() cpnm,’

mini, i’cspe( I iV(’i V . Tine pence mlnnge i too on_i)) on-mit ott

shownn is oxpnessed nelal iV(’ I)) I im(S(’ o-onnt n-ois.

i’iot cm , 11im� � , anmd I ) N A s�-nmt inPs(’S WOO)’ nnmo’mnsonn’o-ti

Ins (i(’S(’tiIlP(l otnndem MEt’tiotos, montol (minntl)Iot hecimo

was p�ent tot the finomnl o-noioo’o-mO n-tot mo)o(s itnoiic:nto-d

mo I inc figomne.
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RESULTS

1�.Ir((i� (1/ (‘anl/)ioilu’(ilI 01, /),V�l , 1?�\-�l , and
/)I’Oi(’in .s-yllih(.s’is tO II(’LU (‘(‘115. �Fiie initial
m-at(-s (�)finmcorj)ormotiotn (If I hyimmiditme, imi-iohitmc,
ml0od leumei mme i nit o :toi I-i tis )hmhle immtitenintl

� mver(- tnt ilize(l I () est iiiiat (‘ I hme males of h)NA,

l’� NA, tti(! J)11)1(itt symitil(’sis, 1eMIIeCliVei\.

‘I’lme (Ifects (If o’llniml)totiieeini on-i thlt’S(

I �t l’ammm(-t(‘t’M (hurl tog t Ime Ii n-st i iou r aft cm adoli -

tio)ml of lime (long to time nii(-(iiunl are iilitst rn-ted
101 11g. 2. ‘[‘lie mmute of pmoteinm synit-hiesis ‘sm’as

tmmmILlIeCto(! i)\ iOO u’so c.’onniptotim(-cinm,‘sm-hue

s�mmthesis of hot-hi i)N� noniol HNA w:ts iii-

inil)it((l 1)\ iLh)J)i’Oxillimttei\’ 50�’; :ot a commcenm-

tra-tiomi (If S �‘sr.

lImo’ (‘ff(’CtM of c:ummptotimecini oim time nmi-te
of. I )NA nt-midUNA svmmtiiesis mmUeInt cells
mmei’t ()hS(’m’V(’(l inmmcohiatei�- aft em athlitiomm

of time tIring to flit’ nimeoliunu (Fig. 3A). After

15 miii, symitimesis of botin l)NA amid BNA

mvmis imtimibili’d by immune tItan 70 Yr - 1mm con-

trast to tino’se results, the effects of aetimio-

miiy(’iIi oti DNA s\-nitim(’sis mmerc hut (IbsemVe(1

until mit ie�tst 1 1mmmo-fter inhibitionm of HNA
svnmt iiesis hiii(loccumrre(1 (Fig. 311). Sinmiinr

effects of act iimornvcuim ilitV(’ been n’eported

by other investigators (22).
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FIG. 4. Reversal of inhibition of R.VA .-.-��nthesis in HeLa cell-s

Hela cells wet-c inucubated at 37#{176}with 1(X) �zmo emimptolimecin (A-- -A) or 20 �oM mumuihramycinn (0 - 0),

or mm time absemuce (of inuhibitors (o-n ) - After 30 nmin, a 10-n-il sample wmts removed fronm each of t hue

three (‘omit ott-es, washed twice with wmirm minimal esseimlimil nmediunm, amid resonspended inn nmediunn supple-

mented wit ii calf serum. ‘4C-Tjridinme (0.025 �Ci) was modded to 10 nml of the origimual cnnltmnre (A) or time

washed cells (B); 1-mi auiqmnots were removed mit Ihe inudicated Iinies, and lime mimoimmnt of HNA synthe-

sized mi-as nueasomred as described under METHODS.

A oleenemise in the rate of proteinm synmtimesis
in canuptotliecinm-treated cells was nmotcd 1

hr or n-i-ion-c tufter inimibition of RNA symmthmesis

0 had occurm-ed. Timis decrease ‘sm-missinuilar to
that observed in actinmonwcin-treat ed conm-
trol cultumm-es, and progressed! over sev-n’mil

Imours.

Rerei’sal of’ inhibition of RNA synthesis by

camptothec’n . Immhibitioni of RNA synmtiiesis
by canlmpto)tiiecirm in HeLmu cells conic! be

reverseol by collect i rug camptotliecinu-t remit ed
cells by eenmtrifugmition, ‘svasimimg timenu t’svice,
and resimspeniclirmg them in mininmal essemmtimul
medium-i-i. After exposure to 0.1 mimm eanupto-

thecin fon- l)eriods as lommg as 60 mm, HNA

synthesis ‘svas stronmgly inimibited (Fig. 4A).

Followimig time ‘sm-ashiimg procedure, time rmite
of RNA syntimesis in thmcsc cells ‘svmis at lemist

90 % of that observed in-iummimmimibited cultures

subjected to similar nianuipunhationms (Fig. 4B).

Anitimramyeinu (23), an antibiotic f-limit irre-

versibly inmhuibits RNA syntimesis in-i HeLmu

cells,4 sen’ved mis a comtn’ol for this cxpem’i-
menmt.

I-1a,-lial ici-ersal of in/i thiiion o/ D_VA sijn -

thesis. Imuimibitiont of I)NA symmtiiesis by

Cmunmptolt hecinm mm mionmsynieiironmolums cultures
of HeLmu- cells wmts partially reversed tufter

expositro- to 0.1 nu’si cminmmpfoltimecimm (Fig. SB).
After exposure tol fim(- anitibiotic for S or 60

nuimm pn’ior to) ‘smashing, time mmute of I)NA �

fimesis follomm-ing time ‘smmtsimimmg procedure ‘sm-mis

inmhmibit-d 47 Yr or ‘3 ‘� , respectively, mis con-

j)mured to) ummmimmhibited cultummes. mm comit rmist,
the effect (If mimutiirmmnuvcimm omm l)NA svrmtimesis

mm-as miot reversed by similmur ‘sm-asimimmg pro-

cedures.

J�1Teci of cainpiothecin on iibosoinol RVA
-synthesis. HeLmu cells, immeutbmuted for 4 him
mm time Iresenice (If SO �‘sn canuptotimecimi, 5\�fl_

timesized 20 Yr � time F!XA observed mu coni-

t n’ol eumltures. \Vimenm mirmalyzed by sumcroso-

density gradient cemmt rifungaf iomm, very little
new-is- syntiucsized HNA ‘sm-mis found to seoli-

menut in-i the 2M S or 15 S n’egiomms of time grmu-

o!ienmt, while S4 Yr of thmmut formed ‘svmis observed

to) sediment mm time 4-S S regionu (Fig. 6).

Dumrimmg a 4-imr incubmitiomi period, 60 Yr of

time HNA synfimesizeci mm time control culture
sedinmmcnmted in time 2S S region-i olf time graoii-

cut, 15 Yr in the 15 S region, mitid 21 % mi time

4-S S regiomm. Time effects of 0.066 .i’si mictimmo)-
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FIG. 5. li(-)’er.s-al of inhibition of J).\�.4 .‘b!/flt/)(.s’i2.’

in HeI�i cells
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miminu (A--- ,,�), �viI ho 20) �o’si omot lut:omiuvcimu fot GO

nnuitu (C - ----C), om ito 0 1O(’ ul)SPmm(’(’ of inohoil)itons

(Li - - -Li)- Fodlowimog I lois imicombatioto, 10 ml of

cells were n’ennuoveoi fmomoo o’:oo’ ho of 0 hoe o-molt tomes,

mvashed twoco woo to W:om’mtu noiomomou:ol (‘ssemot al mmue-

(iiOltii, :omu(l Iosmtsh)(’mideol 0 mooo’olionmou sonpplemenutcd

mi-il hu calf sciotno. 14( ‘-llovmouidimoe (0.05 �( ‘i ) was

addeol to 10 miii �of 0 lot’ ommigimo:oi (‘OmIt 0100 (_‘) 0)0- time

waShie(i (‘(‘I Is (13) ; I -toil muiiquI 0s wo’m(’ to’mouomvo’d tot

ha’ ito(li(’tut(’(i 0 imomes, omool 0 hue :umoooonmot of I )N_�

Symot hesizeol was mome:os to moot os oleso’ moboot oomm(I(’m-
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synt/oesi-s-

(tilt omres of lie 1�:o i-el Is \V(’I(’ (‘xpo)se(l 00) 1 -

�irodimue for 4 ium- too 0hue pn-esemo(’o’ (A- - ---A) 00’

al)S(’to(’(’ (C -- - C ) of SO J2M camnupt Ill mcciii. HNA

was extracted fmoinu wiuole cells tumid :omo:olvzed liv

-000(’tOs(-’ gtaclienot sedinto(’mOI tol iomo, :0-0 (Ies(’Iiil(’(i oomudem

mna’oon(lmam. �J’iu(’ 0)1)1 no:oi o1eiosit� is sluowto o�tiy for

I me o’ont-rol , as it was ess(’mm I in! Iv I be s:umoue 100 i)(ot hi
(-0011 otmes.

(‘uncen- Incur-
tratimon l)or:ttion

Inhi-
l)it 10)01

638 mmotu\’sI-tZ El’ -IL.

nmmyciim (Iti RNA synitimesis ‘smei’e conumpared

mnniolo-n sinmmilmin exi)en’inmo-mital conditions ; very

lift le mme’svi\- svnutimesized RXA sedinmented

in time 25 S mmnmoliS S i’egiolms, while Si Yr ‘sm-as

observ-oi mu fia- 4--S S negiomu.

1’�ffecl o/ (‘(Illi/)lol/ie(’ln 0/i /)l’otelli syiti/tesis

i_n i-eticuloc�jle ly.s-ales. (‘munptotimeeinm did not

miltei- immeorl)ol’mitiomm d)f leueine in-ito globimm by

lysmites pleI)ti ne(l fi’omm n’mtbbit reticulocytes

(Tmmbie 1). Enmietinme, mini milkmuloid thmit- is knmo’smni

to inimibit globin so-rmtimesis (24), served ms mu

eonmt i-ol for’ t I mis ex� )en’in(9mt -

1�.1tJ’(�(-l (�I,f (-anlploi/oe(-’n oil (JCC1Ilil Ulalioli of

U1i(li/i(’ (i/to! l/i!jno i(lllft’ icueleolides -in- acid-
.sOlit/jlC /5)015. At a eo)mmeemmtration Of 0.1 m’sm,

c-anmmptotimeeiom pmurtimuhly in-ihibiteo! inmtrmueellu-

liii, mieeimnmmtimot ionm of um’idirme ammo! time subse-

(1u1(mit (YolIvei’siomm of 1 imis imueleoside to its
nllmeleoti(les (Tmmble 2). 1Io’smever, nuo effect

mvmis OII)SOlvo(l mit 10 �‘sm, m-Leommeemmtlmutio)nm
mmimieim irmimibited ItNA synthesis by nuore

thitomi 2)() � ( i-ig. 2). “I’iue uml)tmtke tumid eon-
‘s’o,msmonm of thmvimmliuinme ‘sm(’le unnmaffecteol, even

mit 0.1 nmmm (onueemmtmmttiOmls of eanmptothecini.

1�f1ccl uI (-amJ)iol/oecin (Hi acln’ilij of 1)_\�t

(i/i(l J?_\T.1 /)Ol//11l(’i(l.s(’s. ,\.5 simo’smn iii Tmuble 3,

cminmptotimecint into! little effeCt on time activity

� b of en’ucle I)NA I)oiYim)(’lmus(- l)lellmured fron�
-� - 1-leLmi cell rmuclei, eveii at eonueentrmutionms 01

I mmi’sm. Actitmonuyeinm, ‘sm’luieiu served mu-s a

eontn-ul, inuhmibiteo! time activity of timis eimzvn’me

Immoro- timmimu50 mit mm-o-oneenitnmution � SO

JAil.

1’ine t’lf i-Ct (I! (mmnlmptothmeeini (Iii RNApoIvm-

‘F.s totE 1

LJ/e(’I of ‘(111/ /Ituth((’l (0 (Iii .‘.‘!/flh/iC.’bis of qlobin -in

relmo-milucytc ly-�u1c.s

( 10)1) s’s-moOioesis was oiolommumimued imo ivs:oies

pm�laored ft-on-i rai)ili t met i(’ onloc tes by rmueasoon’i tug
�(‘-leomci toe i mucoorp(om-:oI 10mm i muto hoot t ricluiomacet ic

moo-id-i misol oni)le noat (‘mimni , as descm’ii)ed onmoder

\nE’tmno)n)s. Retool iomm mnuixt mnno’s were imuconllated for

� nuimm at 3�3#{176}.
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polymerases prepared front E. oohi

and HeLa ells

Enizynne activity mimts (Ictcrimmotneol mus (Iescrii)(-d

under METHODS. In missays of time E. -ohi enuzynme,

all componenmts of the read ionm nmixt-ure, except

the enzyme, were inoculated for 10 nun at :37#{176}m�

the presence of t he inu(licated -onucemmt rmitions o�f

camptot hecin anud mud inmOilly(’int. Enizynue mi-mis

added t 0 inuit iate I he react ioai , mimnd I he i ucuilat loin

C-’ was corutitmued for 20 imoinu . Iii missa’s-s of I he enuzvmne
I-Of cpni /0 - -

prepared from ucLa cell mmuclei, cmtmptothecinn or
8820 actitionmycin was mudded to the reactiono numixlotres mul

1000 7980 10 the indicated conmcenmtrations- time mossav wmus inmili-
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I. EFFECTS OF CAMPTOTHECIN ON NUCLEIC ACII) AN!) n’RO’I’EnN SYNTHE.�IS (;:.�)

TABLE 2

Effect of canoptothecin on uridine and thyinidine
nucleotides in acid-soluble pools in HeLa (eli-s

Nucleotide pools were labeled by adding 3H-

thymidine or 3H-umridine to cultures of HeLa cells,

and the inmt-racellular commcentrations of acid-
soluble miucleot-ides and nucleosides were deter-

mined as described under METHODS. The solvent
systenm used for thin-layer chromatography did

not conu-ipletely resolve either nucleotide diphos-

phate from its respective triphosphate.

Incorporation

Nucleoside or Campto-
nucleotide(s) Control thecin,

Campto-
thecon,

100/nM 1O�nM

cp?n cpni cpu

Uridine 992 737 1,100

UMP 27,200 13,800 30,1(X)

UDP + UTP 358,000 228,000 421,000

Thymidimue 1,100 1,900

TMP 612 618

T1)P + TTP 18,700 17,800

increase time olbserveol olegre- (�f inmhuibitiott.
In the former case, the remmctiomm ‘svmis iniiti-

ated by adolimig l{XA 1)olYmuemmise to time
rea,ction; in time iatten-, by middimig tenuplmite.

RNA polynuermuse prepmireol from HeLa
cell nuclei ‘sm-as immimibitedi 29 Yr by time hmight-st
concenmfra,tion (If canuptotimecinu used (1 mit),

but onmlv 9 (/(� by mu 10 JAil commcen-it-rmm-tiolmm.

This enmzyme ‘sm-as sensitive to inhmibit-iomu by

actinomvcin.

1�ffect of canij)1o1/ie(’ili oil se(/nnenlation of

HeLa cell DNA . Time results shown in-i Table

S inudicate timat mucid-iimsoluble mmudioact-ivity

remained ummchammgeol ‘smhenu HeLa cells comu-
tainirmg 3H-thmynuidinme-imibeled l)NA were imm-

cubated for 3.s hr mu time presence of SO

JAM camptothecimi. Nevert-imeless, this 1)NA

was apparently convert eol from-i-i a imigh to a

lower molecular ‘sm-eight fon’m, as detect-ed by

sedimentation of cells thmrougiu milkmuline su-
crose density grmudients (Fig. 7A). Time lower

molecular ‘sm-eiglmt- mumuterimul sedimemmteol at-
approximately 40 S, ‘sm-lmile1)XA isolated

TABLE 3

Effect of canoptothecin on activity of D.VA

polynoerase in nuclei prepared

from HeLa cells

Enmzyme activity was determinued as described

under METHODS. The assay was immitiated by the

additionu of DNA, after which
incubated at 37#{176}for 40 mm.

- Concen-
Addittomm tration

Incor-

l)oration

Inhi-
I)ittOfl

Nonme

Canuptot-hecini

Act inmomumycino

erases l)repal’eo! from �E. co/i minmo! HeLmu

cell mmuclei was also exanmined (Table 4).

The activity of RNA 1)olymermise purified
from E. coli ‘svas totally dependent on-i the

presence of tenmuplate DNA. Time activity of

this enzyme ‘svas unaffected by 100 JAil

canuptothecinm, but ‘svmus inmhibiteo! SO Yr by

actinmonmycin mit a cormcentrat ion of 2 �n.

Incubation of camptothecirm with the DNA
prinuer or with RNA �)olymerase for 10 miii

at 37#{176}prior to beginning time assay oliol nmot

E. (-oh enuzvnue

No mtdditio)mm

(1anuplothecinm

Act i nmomvcimu

HeLa cell nuonclei emnzvnme

No mudditionu

Cmmnpl 01 hec i mu

Act-inuom-ycin 8
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TiBLE 5

Jleas o1renient of acid-in-soluble fraction prepared

f rono HeLa cells expose(1 to caniptothecin

HeLa cells contaimmimug H-I hynmidinue-labeled

DNA were prepared by exposinug 50 to-il of a cell
suspemisionm to 2.5 /LCi of 3H-thymidinme for 17 hr.

The cells were cenmtrifuged, washed, and resus-
penuded im 50 ml of fresh nnediumim. Camptothecini

was added to 25 mnl of the culture at a fin-ia! con-

cenmtrat-iotu of 50 � the renuaimmder served as aim

umminuhibited conitrol. Aliquots of 1.0 ml were
removed from both cultures at the inudicat-ed

I imiues, the acid-insoluble fract ionn was recovered

by precipitationu with cold trichloracetic acid, and

the radioactivity was deherminmed mus described
under METHOI)S.

Acid-insoluble radioactivity

Time Camp-
Control tothecin- Inhibition

treated

(Olin Cpu cpu

0 4950 4990 0

30 4670 4450 5

(10 4790 4720 1

90) 4390 4240 4

150 4610 5070 0

220 4740 4840 0

from ummtremuteo! HeIAmi cells ‘sm-mis recovered

from time bottom of time gradiemmt.

Conversionm of DNA to time lommer nuolecular

‘sm’eiglmt form occurred ‘svit-hinu 10 nuimm if cells
were exposed to 20 JAil camptothecin at 37#{176};
muo further chanmgcs ‘smere observed if ti-ic time
of inucubation ‘sm-as exteimded to 1 hr. Similar
result-s occurred w-lmemm time tempermttun’e ‘sm-mis

mmuinitaimied mit 0#{176}for 10 rmuimu.

Signuificanut otumunit it ies of loim-er muuolecular
‘smeighmt DNA ‘ss’ere fornmeol mm cells tremited

‘smitim lo’sver co)nmcenmtratio)nus (2 JAil) of emimpto-

thmecinm. Evenm at 0.2 JAil, differenmces bet’smeeum

tremuteol anol ummtremuted cells were observed

(F’ig. 7A). Actinolmycinu also affected sedi-

menmtmution of 1)NA mmft-r inucumbmitiomm of HeLa
cells witim imighu eonueenutrmmtionms of this minmti-

biotic (Fig. 713) . Homvever, mu distimmct mmemm

l)emik did not mip�)emtr mm time 40 S n-egionm of
time grmudient - No mmltermttionm mm time sedimeim-
tationu of DNA ‘sm-misobserveol mu cells tremuted

‘smith 0.2 JiM mictirmomyeinm, evemu timouglu tlmis

o-oncenitrationm of inmhibiton’ Prevenuts n’ibolsomal

RNA symmt-imesis (l”ig. 6). Time shgimt break-

do’smn of DNA observed mm time conmtrol cells
used in this particular experiment (Fig. 7B)

was not a consistenmt observation-i.
Structure-activity relation shi/)s. Structural

analogues of camptotimecinm (Fig. 1) were

tested to determine timeir inilmibit-ory effects

on R-NA synthesis mu HeLa cells and their

ability to conmvert DNA to a lo’sver molecular
‘sveight species. For timese experiments,
camptothecin, its sodium salt, camptothecin

metimyl amide , deoxycampfothecin, me-

timoxycamptotheciim, mmmd f-I-ic lactol (dihy-

drohemiacefal) anmalogue of campt-othecin
‘smere dissolved in dimethyl sulfoxide at a

conicenfrafion of 1 mg/mi. Time final concen-

tratiorm of dimet-imyl sulfoxide present iii timese

assays had no apparenmt effect on time rate of

macromolecuimir synmtlmesis.

Camptofhecinm, its sodium salt, time amide,
and deoxy and metiuoxy analogues inhibited
RNA synthesis mm HeLmu cells by SO %- or

more at concentrations of 5 JAM (Fig. 8).

Timese compounds also converted approxi-

matelv 90 Yr of cellular DNA to mu lo’sver

molecular weigh-it species at- a concentration

of 20 JAM (Table 6) . Time lmuctol analogue ‘svas

time least active of time group, but- still in-
imibited time rate of HNA synthesis by 50 %
at a conucenmtrat-ionu of 30 JAM and induced

some breakdo’sm-n of l)NA.

I)1SCUSSION

Some of the effects of camptothecin on

macromolecular svnmtimesis in HeLa cells are

observed immediately after time cells have
beemu exposed! to time drug. These inmclude

inhibitionu of ribosomal R-NA synthesis, con-

versiorm of cellular DNA from a higim to a

lo’smer molecular ‘smeigimt form, and inimibition

of I)NA synthesis. Inuimibifion of RNA syn-

fimesis, measun’ed mis inuco)rporation of un-

dinme ilmfo acid-insoluble material, is com-

plefely reversed by mvmi-siminmg the cells in
fresiu mediuni. Timis observation suggests

tlmmmf campfotlmeeinm mmmigimt prove useful for

studies in ‘sm-imich RNA synutimesis is related to

i)n’Oteiml svmmfiuesis or to time assembly of
macronuolecules. 1mm co)mutrmtst to the effects

omm RNA synutimesis, inuhuibitioni of DNA syn-

thesis ‘sm-as only partially reversed by sinuilmur

‘sm-mmshinmg proceolures.

‘Flue rate of mtmino mmeiol inmcorporationi be-
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Fin. 7. Sedimentation of DNA obtained from canoptolhe(’in- an(i actin001ycin-treate(l HeLa cells
HeLacells contaimminmg tritium-labeledDNA were preparedhy incubatinmg 20 ml of a cell suspemmsion (3 X

lO5cells/ml) at 37#{176}in the presence of 3H-thymidine (2.5,�Ci/nmI, 5.7 Ci/nmmole). Afier 1 hr, the suspenmsiono
was diluted to 100 ml with cold mininmal essential medium containminmg 2OjsM n)C.thm�.nmidinme, washed once

with 50 ml of the same solution, arud resuspended in 14 ml of minimal essentimul medium sttpplemenmted

with 5% calf serum, After inmctnbation for 30 mini at 37#{176},the cells were divided into aliqitots of 2.0 ml, ntnu(1
camptothecirm (experinmenmt A) or actinomycinu (experinment B) was added at the final conceimtrations

indicated below. After 10 mm of further incutbatiorm, cellular 1)NA was analyzed liv nulkalinue su(-rose
density gradient cenutrifugation as described in-i METIIOIDS. Bottom” refers to time lower 2.5 cm of the

gradient tube, Potrified adenovirus 2, contaimmimmg #{176}4C-thymidimme-iabeled I)NA, sedimmemits at- 34 S (25)

and was used as a stamudard marker.

A. #{149}-�, 2OpM canmptothecin; A- -A, 2JAM canmptothecinm; �--------�, 0.2�.imn cmunmptothccinn; D----D,

no additionus; A- - -A, noCadenovirums 2 I)NA marker.
B. #{149}-�, 20 .nM actinomycin; A----A, 2 j�’sn muctinonmycinm; #{149}----�, 0.2 �n’sn actimmomvcinn; 0- -0,

nuo additions; 0-- --0, 20 MM canmptothecinu.

ganm to decrease approximately 1 imr after

exposure of cells to cmumpfot-hecinm. Alt imough

this could reflect a direct effect of caml)to-

thecin on protein syimthesis, most compounds

that primarily inmhibit protein synitimesis in
anmimal cells also inhibit globin synthesis in

rabbit ret-iculocyte lysates (26). Since cmunup-
totimecin did not affect time latter pn-ocess,
flue delayed inhibitiomm of protein-i symmtimesis

observed in cmumptot-l-iecin-treated HeLa
cells is most likely seconmdmurv to fl-ic demon-

‘-I
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x
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L)

>-

I-

>

I-
U

0

Li

ci,

cit

strmufed effects of the mulkaloid onu time svnu-

timesis of nucleic mucids.

Camptot-imecin nuay muct by inhibiting one

or several steps in-i time biosynuthesis of RNA

and DNA. Time drug does nmof prevent upt mike

of timymidine or unidinme or their subseo1uenmt

conversion to tlmeir respective pimospimorvi-

muteol forms. Uptake mind metabolism of
guanmosine, adenosine, mmmd cytidine ‘sm-crcnmot

tested in timese experinments, but it seems

unlikely timat these precursors ‘smere seiec-
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S. B. ilormi-itz, C. Chanog, amid A. P. Grodlman,

nmamuotscript ito preparmitionu.

z
0

4

0

0

z
z

� 2O�-

� - _i__3�_ � 30 40 50 60 70 80 90000

INHIBITOR CONCENTRATION (Mc106)

FIG. 8. Ejfo-t.s of analogues of camptothecin on

RNA .si1,othesis in HeLa cells

The experinienot was perfoorn-ied as described in

the legenmd to Fig. 2. Incorporatiomu of radioactivity

imuto I ricimloracet ic acid-inusoluble material was

used to calcinlale Ihe rate of HNA synthesis, which,

in-i the conmtrol reactionu, mi-mis 2492 cpm/m!. The

pcrcenmt moge inmco)rporation showmu is expressed
relative t o 1 his conmh ml . Cmimpt othecin (0-0),

camptothmeci nn mmmethyl anide (0-D ), sodium
camph otheci mm (�-� ) , r -deoxycamptothecimu

(A-A ) , lO-mumethoxycanoptothecimu (A-A),
amid canmptothecimm lactol (a-�---u) were presenut
at the fimmmulconmccnut-rmutionms inudicated.

tively affected, since canuptot-imecin does not

prevenit synmtiuesis of virmul RNA in poliovirus-

infected HeLa cells.5

Simultanmeous inimibifionm of DNA and

RNA iolynmermuse activity ‘smould accounmt

for time ob��erved effects of campfofhecin on
DNA ammd RNA synmthesis iii HeLa cells.

Unmder time conmdifions of our experiments,

campfothecin failed to inlmibif significantly

time incorporat 10!! of nucleoside f ril)imospimates
into RNA or DNA, as tesfeol w-ifh crude

preparatiomms of HeLa cell J)ol�mermises. Such-i
assays measure prinuarily rates of chain

extension mind do Imot detect agents fimat

affect time binmdiimg of template to polymerase
or otimer processes involved iii chain-i initia-

;ion. We were also unable to irmlmibit time
activity of purified E. co/i HNA l)olynuuerase

by camptothecin, even-i ‘sviienm time enzynue
was exposeo! to time drug prior to elmain
initiation-i.

Time most plmuusible explaimaf ion of our

results is timmut campfothecin inluibits RNA
and DNA polymerase muctivify by inmferfering

witim time template fumietionu of DNA. Time
template appemurs to be multered in-i campto-
tiuecin-tremuted HeLa cells even-i tiuouglu total

DNA , nmmeasured mis mucid-in-isoluble mmuterial,

is unchanged. Hormvit-z and Horwitz (3;5)

observed th-imtt fragments of viral DNA are

prcsermf mm mudelmovirus-inmfecf ed HeLa cells
treated with camptot-imecin an-id timaf lo’sv
molecular weight DNA appears mm unin-

fected cells. We have also atmalyzed HeLa
cell DNA onm alkaline sucrose density gradi-
ents, a procedure that separates strands of

double-imelical DNA. After addition of the

drug to a suspension of intact cells, sedimen-
fation of DNA in-i alkaline gn-adicnts de-

creased from if-s imormal value of over 90 S

(27) to a form sedimenting at approxi-

mafely 40 S. This conversion occurs witimiri

10 minu, even-i mit 0#{176},and is observed at the
same concemmtraf-ions of camptothecin that

inlmibif mmucleic mucid syntimesis.

TABLE 6

Effects of cani ptothecin analogues on sedin, entation

of HeLa cell D.VA

Experiments were performed as described in

the legend to Fig. 7, except as indicated in the

table. Canmptotheciim analogues were presenut- at a
final concentration of 20 MM. Radioactivity re-

covered from the bottom of the gradienmt is ex-

pressed as “high molecular weight I)NA”; radio-

activity mu fractions 1-16 obtained from the gradi-
ent is expressed as “low molecular weight 1)NA.”

Since the total radioactivity in each set of experi-

ments reflects the ability of various cell cultures

to inmcorporate thymidinc, a percentage of “high

molecular weight DNA” anud “low molecular

weight 1)NA” is shown, based on-i the radioactivity

foumud in-i the gradiemut fractious comhinoed with that

recovered fron-i the ‘bottonmm” of the gradient.

Each valine represents the average of Iwo experi-

ment-s.

Nonme’

Sodium camuptothecimm

Camptothecin methyl

a -deoxycanuptothecinu

10-Met hoxycanmptot-hecimu

10-Met hoxycamptoh hec i moh

Camnptothccin lactol

Radioactivity
in DNA

‘High “Low
molecular molecular
weight” weight”

93 7

12 88

amide 11 89

16 84

5 95
8 92

78 22

a A totm-ul of 224,000 cpm mi-as m’ecovercd.

Imucubated at 0#{176}for 10 mmuinu.
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Time pm(’ce(!inmg results suggest that 1)XA

comm he I)mtrtim1ll� degrmtded mm camimptotimeeinm-
t-remited cells, I)ro’stnn-imtbl� mis mi iesult- of

enmdonmuelemise activity. If tenmmplate 1)NA is

olegrmioled imi mi sinmilmin Ilmmtninmel, timis effect

co)ul(! mueeoimmmt fom the obso’nveol iimimibitionmof

1)NA munmd HNA svnmtimesis mu munuimumal cells.

Time nmeeimminmisnu by ‘smimicim time j)ostulmiteo!

degrmuolmitiomm (If I )N-\. oeeitm-s nenmmuinms inn-

clemi-i-. ‘�1’lm&’tlnuug nmuiy imuimibit ommo’ of time cmi-

zyl-imes immvolved iii mel)muir of 1)NA, such mis

1)N�� higmuse. Iii timis case, time milll)m11(’lit mm-
enemise itt (Iegnmuolmiti(Inm ‘smoimlol reflect nuonnmmiI

emmtabolisnm o)f DN�\. mm time absentee of n.e-

1)amm. Aitemnumutively, emtTmmj)tOtiueeini 0t mu nmetmu-
bolie pro(llmet nay bind to 1)NA. titus menu-

(lerinig it susceptible to tia’ muchion of nun-
clemuses. I �nelinuinmmirv nesunlts imudiemul e t imat

CmmfllltOtimecimi binmds to 1)NA umuoler cemtaimu

i?xI)eninmenmtmml coniolifions ; fiumtimer stuolio’s to

cimmirmicterize timis iiiteraetiomm are mu �)nogress.

Several inuhibitors (If nitmeleic acid svnutimesis,

imicludimmg bmicterimtl eolicins (25) amid v:uni otis

anmtibioties, mire knuolmmmi to inu(iuce (legmmt(!mutiotm

of �)NA. Stmeptoliigrinu l)m’O(!ui(o’ simmgle-

stnmtniol br’muks mu HeLa cell l)�NA, mu- Olelmmd)ml-

strmtted by muikmi-litme suenose (lensity gnmtdiemmt

eemmt miftig;itioni (29) . i imleonuyeimm inmoluees (leg-
rmudmttiomm of l)NA to) mteid�soltmble fmmtgmmmenmts

mmL’. co/i (30) anmd immts m-(’eemitl\- been -imoimni

tO fnmugnmemut supeneoileol I)NA (hiuimmg the

s�-nmtimesis (If lIol�on-imi Vi1U5 mm mmou-e enmbnyol

cells (3 1 ) . (‘losed-cim-eulmur rmmitocimonolnimul

DN�� is l)mitt imully fragmiuo’nt(’(l mm time Plesemmee

of efimio!iunmm bronide (32). �Fime Pne(�i5e

nmeciumunmism by ‘svi miclm time-c ohiugs imu(Iuce

timeir effects lotis nu(It beeni estmtblisiued.

‘Fime st met tmre-mtctivity melmitiomlsimil)s of

cmun-ipt(It heeinu mtmi(l it S minimulogues, mis olet er-

nuimmed by timeir effects oni nuue!eie micio! �

timesis mm HeLmi e’ils, corresponol closely to

their mubilitv to sltl)ilness time grommtiu ()f

tmnnuors mm experinmentmml minminmmuls (4) . (‘minmupto-

titecin, its soditnnm smult, mimi(lemu-nuptotlmecinm

nuetimvl mm-ide mtn.e equmtllv effective mis in-

hibitors of RNA s�-nitimesis mm IleLmi cells.

i\Iefimylmmtionm of time imydroxyl gI-oump nit

posit ionm 10 (muet imoxycmmnuptof lmeein) oloes nuot

decremuse activity. \ let iuoxyeanuml)tot imecimu

coulol, commeeivnubiy, immuve beenu conwerteol to

canullfotlmeeinm by cellitlmur enmzymnes. If sutcim

is time case, olenuetimylnitionu must oeemnr mmitimilu

10 muimm mit 00 to mmceount fon- time obsenveol

e(Imuversion of 1)NA to mm io’smer mimolecinimir

‘smeiglmt fonmu - Sinuce dleolxycminmptotimecinm is mmmi

active inulmibitoln, time a-imy(1iOxVl gn�ouup of

cmunmmpt(It imecimm is millllniremit ly nuot re 1mnired for
olltitmmmll biological activity. ‘[lie keto group

:iI)pemmns nmmore essemmtimml, simice re(iuetion to time

lmiCtoIl sigmmificmmnt ly (1(’creases activity i/, liho

(see mubove) amid in i’io’o (4)

A nmo�re (let ailed desem-iptioni of t he strmne-

tute-mictivity relmmt ionushul)s nmmust mt’smait time

is(Ilnu-tion (If (It item- anmalogimes mimul time develop-

nmmemit olf nmmetimo(l hIt fimo’ synmtImesis of conn-

I)ottnids rolnmfo’ol to o’anmptotimeeitm (33, 37).
1)etem-numinminmg flit’ eflects of simeim ummmmlogmmes

nttudl (leriynmtives 011 1)�N�\. mini(l RN�� sviutiue-
sis mmoulol IIId)ViOIe ml tmsefttl estimmmmmte of timeir

l)(�t i-nut imul mmct iyit V . � eoiiipotntmol found
nuetiy(’ mi suelm prelimmmiimnu-y tests simoul(l he

exmumminue(! for its :ti)ilitV to inudilCe olegra-

olmmtioni of l)N��, as timis efleet is mmlso eon’-

remit eo! mm-itii t ime lt’lIolt eni mumt-it unmor activity

of cmmnmuptotheei�m analogues. _\t least one

conmillound thmmt- mm-i’ imnuve testeol, mmmi immten’-

nmedimite mu time ciuenmmicmil svnmtliesis of cnmnmpto-

timeonu (34), ‘smmus jit:ml to (mmflptotimeeinu mus mmmi

imuimibiton’ of l�!N;� synmtim’.is bitt, nut mu coti-

eemut rationu of 20 Jut, mmmms tmmmnclmless efleetive

mu in(hmneinmg l)am�timul o!egrmuolat ion of 1)N.\..

limis aliaiOgtm(’ immiolho activity ‘smim(’nitest(’d

nmgmuimist tunnmors tii expen-inmmenmt a! mmnuinmils.t

A(-KN0\mLEIIG’smENTs

\\_(‘ mine gmuteftnl 1(0 1 )n-s. ‘iI. \%‘all anO(l :tiI. (�.

%\amoi for �)mo)vi(limog its mi-ilii n lie s:onil)lPs of canull-

10)1 luecimo anO(l its amomoloogutes. \Ve mtt.� imu(lil)ted to

I Irs. \I. \Vmill, A. S. Komoole. mumuol J. llotrwilz fom

helpful discunssioomos . anod I luanok I )ms . I ) . Kessol annd

:NI . I !oorovitz fo on � nofo ontoni mug oms I of 1 iuei m (xl)en-tnuuemntal

m-esonlts l)mio)n too l)Otblic:o1 ioono. I In-. \l. ‘1’. homing

(let t’n-mmuimoe(l I be effec t s o of -ainpt ot iuc(i no (010 leom- i moe

i noconporat it OtO i no lvsa t (5 l)t(’l):t red fnomn naiol nit

ret icotlocvtes.
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