
Effect of 1 -/3-o-Arabinofuranosylcytosine on DNA Synthesis

Mol. Pharmacol. 4, 131-138 (196�S)

I. In Normal Rabbit Kidney Cell Cultures

ALBERT S. KAPLAN, MCKAY BROWN, AND TAMAR BEN-PORAT

Department of Microbiology, Research Laboratories, Albert Einstein Medical Center,

Philadelphia, Pennsylvania 19141

(Received August 21, 1967)

SUM MARY

Low concentrations of 1-�-D-arabinofuranosylcytosimme (Ama-C) imuimibit time immeorpora-

tion of cytidine aimd thmymidine but stimulate the iumcorpoiation of deoxycytidimme into the
DNA of rabbit kidney cells. This stimulation is correlated with amu increase in the level

of activity of deoxycytidine kinase and with a commsequelmt increase in time immtracehhuiar
pool of phosphorylated deoxycytidine derived from the nucleoside in time mediunm.

Ara-C does not. prevent the reduction of cytidine diphospimate to deoxycytidine diphos-

phate in rabbit kidney cells incubated in medium free of deoxycytidine. However, when

small amounts of deoxycytidine are supplied to these cells, time (1mg is effective in inhibit-

ing this reduction, probably as a result of an immcrease in time intracellular pool of deoxy-
cytidine triphosphate and an emmsuing negative feedback inhibition.

In agreement with observatiomms made with other systems, in rabbit kidney cells the

inhibition of DNA synthesis by the drug can be overcome by deoxycytidine. This reversal

is due primarily to a successful competition of deoxycytidine with Ara-C at the level of

phosphorylation, thereby preventing the accumulation of the effective inhibitor of DNA
synthesis.

INTRODUCTION

Ara-C’ inhibits DNA syimthesis in a
variety of systems, an inhibition that is

reversed competitively by CdR (1-4).

However, although there is general agree-

ment that Ara-C is a specific immimibitor of
DNA synthesis, the mechanism by whicim

this inhibition occurs is not yet clearly

established. Chu and Fiscimer (1) showei

Abbreviations: Ara-C, 1-fI-D-arabinofUranOSyl-

cytosine; Ara-CMP, Ara-C monophosphate; Ara-
CTP, Ara-C triphosphate; CR, cytidine; CdR,

deoxycytidine; CDP, cytidine diphosphate; dCDP,
deoxycytidine dipimospimate; dCMP, deoxycytidine
monophosphate; dCTP, deoxycytidine tripimos-
phate; TdR, thymidine; dTTP, thymidine tn-

phosphate; RK, rabbit kidney; PCI, pemehioric

acid.

by experimeimts perfommed in vivo with

L5178Y tumimor cells that time dmug inimibits
time reduction of CDP to dCDP and con-
cluded that the primary inhibitory effect

of Ara-C on DNA syumthmesis is aim inter-

ference with the formation of dCDP. This

finding was not substantiated, however,

when the effect of time phosphorylated
derivatives of Ara-C on CDP reductase
(from Novikoff and Ehurlich tumor cells
was tested in vitro (5).

The phosphorylated derivatives of Ara-C

131

have been reported to be incorporated into

DNA (2, 6, 7); this incorporation could he

time basis for time inhibitory action of time

drug on DNA synthesis. However, the in-

corporation of time drug immto nucleic aci(l

has not been proved unequivocally and has
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muot been accepted umumivemsally (8). It also

hmas been rcpoited thmat Ama-CTP imuhmibits
DNA polymerase derived fmonm mamnumm hiaum

(ellS (8) 2

Ama-C lmas l)ceIl used with sommme success

as an ammtivirah agemmt amid lmas becim mepomte(l

to be effective in time control of hempes
keratitis (9, 10). Dumrimmg time course of a

study on time mmmode of time ammtiviral action
of this drug, w’e nmade some ohservatioums
w’lmicim clarify some of time effects of Aumt-C

on time mmucleic acid metabohismmm of nomummal

RK cells. These expemimmuents commstitute the

subject of time pmcseumt �apem.

M.VrERIALs AND METHOI)S

Cells and Media

Primary HR cells were pmcpamed as

dlescribed PreviouslY (11) aimd were grown

in 90-mm petri (hshmes in Earle’s saline
contaiimimmg 0.5% lactaihumin Imyduolyzate
ammd 5% hovimme serum. Time cultures were
washed twice with Earle’s salimme pmiom to

being used, and time expeuimemmts were per-
formed in Eagle’s syimthetic immediunm (12)
contaimmimig 3% dialyzed seruni (EDS). The

experiments were carried out with semi-
confluent cultures commtaiumimmg al)pmoxilmatcly
2 >< 1OC cells eachm.

Enzyme Assays

Time prepamatiomm of cell extracts humus heeim

(Iescm’ibcd previously (13)
Cdl? kinase. Two-tentims milliliter of cell

extract (approximately 1 ,ig of protein)
was added to 0.15 ml of reaction mixture
containing 2.5 1�nmoles of ATP, 25 1�rnoles of

Tris, pH 7.5, 5 1�moies of MgC12, amid 6
nm�moles of 3H-CdR (specific activity, 0.21

1tC/m1�mole). Time samples were incubated
for 2 hum’at 37#{176}.Time reactiomm was limmear for
at least 3 hum witim all emmzvme preparations

used.
Dephosphorylation of dCMP. Two-tenths

milliliter of cell extract (approximately 1

1tg of protein) was addled to 0.55 ml of

2J. J. Furth and S. S. Cohen, personal com-

iiunication.

reactioum mixture eommtaimming 25 p.nmoles of

Tris pH 7.5, 5 �.�mnoles of ?sIgCl2, and 10

m�mo1es of 3H-dCMP (specific activity,

0.125 p.C/nu1.tnmole) . The samples were in-
cimi)ated for 30 miii at 37#{176}.

Bothm reaetiomms were temmimuated b�r boil-

immg for 2 ruin, time 1)ioteium precipitate was
renmoved b)y ceimtmifumgation, and dlCi�sIP was

separated from CCIR on Dowex l-HC1 (1 X

4 cnm) , as deserib)ed I)reviouslY ( I 4).

Reduction of Ci)P to dCDP in vivo.
The mfletimO(1 deseribedl I)y Chmu amm(l Fischer

(1 ) was umsed with sonic nmodifications. Time
cells were incubated witim 2H�CR for 3 imr,

washed ommee witim l)imOsPimat.e-bufferedl sa line,

auud semaped into cold saliume. (Five cultures
w’ere used per sample.) Time samples were
acidified and extm’aeted twice with cold

0.2 N PCA. The cold, acid-soluble fraction
was boiled for 10 mimi in I x PCA to comm-
vert time pyrimicline di- munch tmiphmosphate

derivatives to mommophospimates. Pemchmlorate
was removed as time potassiumum salt; CMP

amid dCMP (0.5 rng eacim) were added to

the samples as carrier, amid time rnmcleotides
were separated omm Dowex 50, as described

i)y Reichard (15). Time radioactivity asso-
ciated witim eacim umuicleotide was measured

in a Packard spectrometer. The radioactiv-
ity associated witim time peak of dCMP was

found to comusist of approximately 98%
dCMP amid 2% TclR, as cletemmimmeci after

time separatiomu of the 4 deoxyrihoumueleo-
tides on Dowex I -formuuate columns, as dc-

scribech previously (161).
Phosphorylation of :�JJ..CdR �n vivo. RK

cultures were immeubated with 3H-CdR foi 3
imr. (Two cultures were used per sanmplc.)

The cold acid-soluble fraction was pmelared

as described above amid neutralized with
KOH. CdR was separated from its phos-
phorylated derivatives on Dowex 1, as die-

scribed previously (14). Ninety-five perecmmt

of time p}mospimom’ylated compoummicls consisted

of pimospimomylated CdR cletemnmimied, as dc-

scribeci previously (16), by their behavior

ommDowex 1-formate columims.
Phosphor ylation of 3H-A ra-C in vivo.

RK cells were incubated with 3H-Ara-C for
3 hr. (Two cultures were used pem sample.)
Time acid-soluble fractioum was pmepared as
described above aumd neutralized witim KOH.
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�H-Ama-C was separated frommm its j)imOs-

1)lmOmYlmtted (Ieri\’atives omm I)owex I -HC1
colummmins. Ummlabeled Ama-C amid Aia-CMP

(0.5 hug each) \YCI(� lmSe(l as mefcmcmmce conm-
poimmmds. In all experimumeimts, at least 90% of

the �)hmos�)iioryiated compoummds commsisted of
diphuospimates or tripimosphmates; a nmaximum
of 10% consisted of rnonophosplmates. Since
the level of activity of CdR dleamimmase is
�my low in time system used (see section

above on time phospimoryhation of 2H-Cd1R
in vivo), time assumptiomu timat time pimospimo-
rylated compoumuds consisted of pimospimo-

mylated Ara-C seenms justified. No pimos-

phioiolysis of time nucleoside was detected,
as determined by time metimod of Decker

(17).
Incorporation of radiocim e inicals into

DNA. After aim appropriate iiueubatiomm
period with time radiocimemical, time cells
were harvested, precipitated witim 0.2 N

PCA, and the DNA amud RNA present in
the precipitate were separated (18). Time

amount of radioactivity associated with the
DNA fraction was determined, after exten-

sive washing with cold 0.2 N PCA, in a
Packard spectrometer.

Chemicals. 3H-CdR, 3H-CR, 1’C-TdR,
and ‘H-Ara-C were purchased from
Schwarz BioResearch Inc. (radiopurity >

99%). Ara-C was a gift of Wayne Magee,
The Upjohn Co.; Ara-CI\IP was a gift of

William Wechter, The Upjohn Co.

RESULTS

Effect of Ara-C on the incorporation of

Tmitiated Nucicosides into the DNA of

J?K Cells

Figume 1 shows time effect of varioums con-
centrations of Ama-C on time ai)ihitv of BK

cells to incorporate 3H-TdR, 311-CR, and

�H-CdR into DNA. Wimile time incorporation
of both 3H-TdR aimd 311-CR was reduced

equally by about 50% at a commceiutmatiomi of
Ama-C of 0.05 �g1’umul, time same comucentra-

tion of the drug increased time imucorpomation
of 311-CdR by ai)oumt 50%. A lower immimihi-

tion by Ama-C of CdR timaum of TdR or CR
incorporatioim was to be expected, siumce
CdR is known to reverse partially the in-
imihitory effect of Ama-C on DNA syntimesis.

1 mc. 1. Incorporation of tritiated nucleosides

into the DNA of RK celLs treated with Are-C

Actively growing c�lls were washed twice with

Earle’s saline and incubated in EDS 1 imr prior to

time start of time experinmemmt. Time cells were incu-

bated with various concentrations of Ira-C for 3

Imours, aimd time labeled nucleosides were timan

added: 3H-CR (A) (1 pC/ml; specific activity,

1.3 C/mmole), or 3H-CdR (�) (1 1iC/mmml Specific

activity, 625 1tC/mmole), or ‘4C-TdR (0) (004

5C/imml; specific activity, 31 �iC/mnmole). Three

lmours later the cultures were harvested atmd time

anmount of radioactivity present in time 1)NA was

determined, as described in Materials an(l

Methods.

Furthmcm’nuomc, if time effects of time (111mg Ofl

DNA synthesis were due to time itmiiihition

of time meductiomi of CDP to dCl)P, as

l)ostulated by Chum ammd Fischer (1), aim in-
emeased immcompomation of CdR immto DNA

would l)e ol)tained in Ara-C-tmeated cells,
simuce time size of time emmdlogemmous 1)001 of

dCTP would he decreased. The specific
activity of 3H-CdR immcorpomated into DNA
would commsequmentiy be imigimer. However, the
iumcmeased immcompomation of H-CdR into
DNA might be the result also of a stimula-

tioum in the presence of Ama-C of time PiuOS-
phorylation of 3H-CdR supplied extermuahly.
Timis possibility was tested in time foliowimug
experimemuts.
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Effect of Ara-C on the Phosphorylation of

CdR in Vivo and on the Level of Activity

of CdR Kinase

The amount of 3H-CdR phmospimorylated
by cultures imucubated witim various concen-

trations of Ama-C is given in Fig. 2. It is
clear timat in time presence of Ama-C umot only

is there an increased amount of 3H-CdR
incorporated into DNA, but there is also it

considerable stinmulatiomu of time phosphoryl-

ation of 3H-CdR. These results were some-

what surprising, since Ama-C and CdR are
probably phosphorylated by time same eu-
zymes (6) and one would expect, timerefore,

0
‘C

4,
0.

E
0

Cl)

E
0.
0

Fia. 2. Phosphorylation of 311-CdR and its in-

corporation into DNA in RK cells treated with

Ara-C

The medium of actively growing cells was

(hanged to EDS 1 hr Prior to the start of the

experiment. Time cells were incui)ate(l in EDS con-

taining various concentrations of ha-C. Three

hours later ‘H-CdR (5 �zC/ml; specific activity,

625 �C/mmole) was added to time cultures which

were incubated furtimer for 3 hr. The cells were

then harvested and the amount of phosphorylated

H-CdR present in time acid-soluble pool, as well
as in DNA, was determined, as described in Mate-

rials and Methods. Total ‘H-CdR phosphorylated

(311-CdR in pool and in DNA) (s); plmosphoryl-

ated ‘H-CdR in the pool (0); ‘H-CdR in-

(orporated into DNA (A).

TABLE 1
(ill? /iinase muIieitij in extracts of Ara-C’-trealed

and untreated cells

Actively growing BK cells were incubated for

4 imr in liDS containing various concentrations of

Ira-C. The cells were harvested and cell extracts

were prepared. Time phosphor latioim of ‘Il-CdR, as

well as the dephosphorviation of ‘H-dCMP, by the

(eli extracts was tested as described in Materials and
Methods. Time results are time average of duplicate
samples. Time ummaxinmurn variation between the

individual sanmples was 10%.

3ll-CdH i)imos- 211_dCMP de-

(‘oncet itrat ion )horyiated )hosphorylated

of Ara-C (�ammoles/ (,�moles/

(ug/nml) samnple sample)

0 1.14 104
0.1 1.60

1 1.84 -

10 2.08

1 (17

0.98

Ira-C (10 �g/mm1l)

+ puromycin

(20 �mg/m1)

a decrease rather than a stimulation of the

mate of pimosphuorylation of CdR in the
presemmce of Ama-C, unless Ama-C induces an
increase imu time level of activity of CdR

kimmase.
The activity of CdR kinase present in

extracts of cells that had been incubated
with vamious commcemmtmations of Ama-C was

determimued. Since time activity of time en-
zyme was tested in crude extracts, the rate

of depimosphuorylation of dCMP was also
determined in order to be sure that any
imucrease observed in time level of pimospho-

rylation of CdR by time extracts was not
clue to a decrease imm time activity of phos-

phatases. Table 1 shows that exposure of
the cultumres to Ama-C immcreased the level
of activity of CdR kiumase ammd that this
increase occurred oimly in time cultures in

wimicim protein symmtimesis was allowed to take
place. Incubation of time cells with Ara-C

imad mmo effect, on time otimer hand, on the
level of activity of dCMP kinase.

The effect of timume of iumeubation of the
cultures with Ama-C on time level of activity

of CdR kinase, as well as on time amount of
phosphorylated Ama-C present in the intra-
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TAISmE 2

i�ff eel of time of incubation of cultures 1(1/h A1(I-(

on the level of aclirmtij of CdR kinase and on time

amount of ira-C phosphorylutcil

Actively growing BK cells were incubated in 11)S

with unlabeled Ira-C (0.2 �ig/ml) or 3H-Ara-C

(0.2 �.ig/ml; s1)ecific activity, 1 �C/0.2 �2g). At

various tinmes thereafter, cultures were harvested

and assayed for CdR kimmase activity, as described

in the legend to Table 1, and for time amount of

‘H-Ara-C phosphorylated, as described ium Materials

and Metimods.

(kilt kinase

activity

Time of Ira-C

incubation (��2mmmoles 1)1 iosphorvlat ((i

with Ira-C pimosphorylat ((1/ (�mg/sample

(hr) sample) X 102)

0 0.59

2 0.82 1.82

4 0.96 1.05
6 1 .15 3.79

8 1.11 407

cellular pooi of the cultures, was tested.
Table 2 shows that the activity of CdR

kinase increased for the first 6 hr after time

addition of Ama-C to time culture. Timere-
after, there was no furtimer increase in the

activity of the enzyme and only a small
increase in time amount of phosphorylated
Ama-C present in the intracellular pooi.

Since incubation of cells with Ara-C
leads to an increase in the level of activity

of CdR kinase, time increased incorporation

of 3H-CdR into time DNA of Ara-C-tmeated

cultures is, therefore, not necessarily an in-
dication of a decrease in the endogenous
pool of dCTP in the cells; it may be the
reflection only of an increase in the amount
of phosphorylated derivatives arisimug fronu
3H-CdR supplied exterumally.

Effect of Ara-C on the Reduction of CDP

to dCDP in Vivo

In an experinment similar to time omme dIe-

signed by Chu and Fischer (1), the effect

of Ara-C on time ability of RK cells to re-

duce CDP to dCDP in vivo was tested. The
results of these experiments are summarized
imm Table 3. W’hiie time aummount of PimosPimO-

rylated CdR derived from CR present in

the intracellular acid-soluble pool did not
decrease in the Ama-C-treated RK cells, the

amouuimt of imucorporation of the CdR deriva-
tives into DNA was severely diminished.

(Similar mesults were obtaimmed by a(Iding
Ara-C amid CR simultaneously imustead of
preincubating time cells witim Ara-C.) Thus,

it is clear timat time imuhibition of DNA syn-

thesis by Ama-C cammnot be due to the cx-
imaustiomu of CcIR derivatives from the sys-

tern, simmce I)NA synthesis was inhibited,
even though these compounds were present

in adequate anmounts in the acid-soluble

pool.
In the pamticular experiment summarized

in Table 3, the total amount of CDP re-

duced (dCMP in the acid-soluble pool and
ICMP incorporated into DNA) was di-

nmiuuished by incumbation of the cells with
Ama-C. This may be clue to the lack of

witiudrawal of CICDP from the pooi as a

result of time inhibition of DNA synthesis in

the cling-treated cells and to a consequent
mmegative feedback exerted on time further
meductiomm of CDP to cICDP. In some ex-

TABlE 3
Effect of ira-C on the synthe.’n.�

of ‘H-dCMP from ‘H-CR

Actively growing BK cultures were incubated for

3 imr in EDS commtaining various concentrations of

Ara-C. �i1-C1t (5 /hC/mI; specific activity, 15 C/

rnmole) was added, and time cells were incubated

for �1 more hours at 37#{176}.Time cells were harvested

and time amount of �11-CMP ammd ‘II-dCMP (and

time di- aimd tripimosphates) imm time intracellular acid-

soluble pool, as well as time amount of ‘II-dCMP

incorporated immto DNA, was determniumed as (Ic-

scribed jim Materials an(l Methods. Time results are

time average of duplicate samples. The uimaximunm

variation imetweetm time indiVi(lual sanmples y..� 16%

(‘oncell- �II-(’\IP 11-(l(IP �lI_

rat iou of iii aci(l- ium aci(l- d( ‘Ml> Total

Ara-( sOllul)l( sollll)le iim 31I-CDP

(�g/uimi ) 1)001 1)001 l)NA reduced

(1 74�� 1.4 8.4 9.8

0,1 80 1.8 6.0 7.8

0.2 (17 1.7 3.8 5.5

1(1 66 2.0 1.4 3.4

5.0 85 1.7 0.3 2.0

(‘pam/sample X 10�.
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periments, however, we have observed timat

the size of the acid-soluble pooi of SI-I-

ICMP (lerived fuonm 3H-CR was increased
considemably immtime Ama-C treated cells. We
imave as yet beemm ummable to determine why
after exposume of the cells to Ama-C time

size of this Pooi mernaimmed uumeimammged in
sonic expemirnemmts while it immcmeasecl imm

otimems.
The comuflict betweemu oumi findings and

timose of Chili amud Fischer (1) could 1)e at-

tmibuted to diffemences iii time cell limues used.
However, althmoutglm this possibility has not

beemm excluded, it seemed ratimer unlikely
ammd we prefemmecl to look elsewimere for an

explammation. Omme of time obviouis differences
between tiue two sets of experiumuents lay in

time types of mednmnm emimployecl fom cell
cultivatiomu: Our experimmmemmts were per-

formed imm a cimeunically defimmed medium
containing a melatively how commcemmtmation

(3%) of dialyzed serum and thus devoid of
nucleosides; Cimum aimd Fiscimem used a me-

dium comutaimming 10% nondialyzed horse

serum, wimicim presurnally timerefore coum-

TABI,E 4
Lffc(t of (‘il/i on the 1e(lUCtiofl of CDV

in .1 iU-( -11((lt((l ((its

Act ccclv growing lU� (ells \ye�() incubated for

3 imi (it lmer with Ira-C, (‘dil, or botim. 211_CR

(5 ��C/ml; specifi activity, 15 C/mmole) � then

1ddde(l, aul(i the (ells were iulcubate(l for �1 more

hours at :17#{176}.Time cells were harvested aumd time

amount of 211_(I(MP (2111(1 its (Ii- auu(l tnpimosplmates)

in time acid-soluble j�ool. as �vell as time am()inmt of

‘ll-dCMP iumcorporale(l into 1)NA was determined

as desciii )e(l iii Mat etials aiim I \ Let im()(is. The

results are the average of (Iuphcat e sanmples; the

maximum vaiiat ion bet weeum the iummlividual sanmples

was 18%.

2lI_(l(�\LP in �I1-(lC.\1I?

:i(i(i-solluI)1e fl

1)001 1)NA

�! )1�1” (�l )1i’l/

(.‘dU ;�r:m-(’ sLmfll)l( sample

(ug/unI) (pg/mi) X 1(1) X 10�)

t) 1) 9.1 6t).5

0 1 9.9 (1.2

0.05 0 8.2 43.8

(1.05 1 3.5 4.9

taimued nucleosides. Since Ama-C induces aim

immerease in the level of activity of CdR

kinase, as well as of TdR kinase (19), time

size of time pooi of dCTP and dTTP will be
imucreased wimeim time cells are incubated in

the pmesemmce of time commespondimug imucico-

sides amid Ara-C, and aim immhibition of time
reduetiomm of CDP to dCDP may result (20,

21).

We tested wimetimer the inhibitory effect
of Ama-C omm time reduction of CMP to

clCI\1P is affected by time presence of CdR
il.1 time nmedium and foummd that thus was

indeed the case (Table 4) . Whereas Ama-C
did not affect time amount of 311-dCMP

derived from 311-CR that accumulated in
the acid-soluble pool of cells incubated in
medium withoumt CdR, Ama-C caused a dc-

crease imm time amount of ‘H-dC�’IP pmo-

duced in time cells incubated with CdR.

Timus, altimough Ama-C has no dimeet effect

on time reduction of CMP to dC�’IP in RK
cells, it may, depending upon time expemi-
memmtal conditions, affect indirectly the rate
at wimicim this reaction takes place. WTimet,imer

timis holds tmue also for the L5178Y cells
used by Chu and Fischer remains to he
established.

Effect of Cdl? on the Ability of RK Cells

to Phosphor ylate A ia-C

it is well estai)hished that iii a variety of
systems the inimibitomy effect of Ama-C on
DNA symmthmesis is revemsed competitively by

CdR. Timis observation has been takemm as
an indicatiomm that the dung affects time
endogemmoums synthesis of dCDP. However,

CdR immhibit.s time pimospimorylation of Ama-C
(6), ammd time meversal by CdR of the iim-
imibitomy effect of Ama-C may 1)e dlue pri-

mnamilv to its iumtemfememmee witim time pimospimo-
mylation of time dirug. Figure 3 simows that iii

RK cells CdR pmevemuts the accumulation of

�lmosphmorylated dlerivatives of Ama-C in time
acid-soluble 1)001 amid that the degree of

inhmibitiomu of the phuosphorylation of Ama-C
by various concentrations of CdR is paral-

leled by time degree of mevemsal of the in-
imibitiolm of DNA symuthesis. Thus, CdR
puobably revemses time iuuimibitioum of DNA
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Fia. 3. Inhibition by CdR of time phosphoryla-

lion of Ara-C

The medium of actively growiumg RK cells was

clmanged to EDS 1 lmr prior to the start of the

experiment. (A) Part of the cultures was incu-

bated with ‘H-Ama-C (0.5 jig/mi; specific activity,

1 jmC/0.5 jig) and various concentrations of CdR.

Tlmree hours thereafter, time cultures w’ere har-

vested and the amount of phosphorylated ‘H-Ira-

C present in the acid-soluble pooi was deterummined.

as described in Materials and Metimods. (B) Part

of the cultures was incubated witim ha-C (0.5 jig

ummi) and various concentrations of CdR. Three

hours thereafter ‘C-TdR (0.Q4 jzC/ml; SI)ecific

activity, 31 jiC/mmole) was added. One imour later

the cells were harvested and time amount of radio-

activity in the DNA was deternmined. ‘11-Ira-C

�hosphorylated (�; #{176}C-TdR incorporated (0).

symmtimesis by Ama-C �rimumarily because it
prevents the founmation of phosphuomylated
Ara-C, the actual imuhmibitom of DNA syn-
thesis.

DISCUSSION

Time experinmemmts preseiuted in this l)iiI)C!
demomustrate the followimmg: (1) Iii ilK cells

treated with Ama-C the amoummmt of CdR
(supplied externally) which becomes pimos-

phuorylatecl aumcl which accumulates imu time
intraccllumlar acid soluble pool is immcmeased.

The incmease in the mate of pimospimomylation
of CdR by Ara-C-tmeated cumltumes is cor-

related with mimi iumciease in time level of
‘�. activity of CdR kinase in these cultures.

:� (2) Altimough Ama-C has imo effect omi time
f� mate of reduction of CDP to dCDP in RK
.E cells incubated in nmedium fmee of CdR, timis

.� reactiomu is �)artially iumimii)ited when time

� cultumes are immcubated with CdR plus Aia-

s::; C. (3) CdR reverses time inimibitomy effect of

:� Ama-C on DNA symutimesis by pmeveumtimmg time
E phmosl)hmOlylatiomm of the drug.
�.. Our expemimemuts show timat the inhibition

� of DNA synthesis in ilK cells tmeated with
Ama-C is umot dIne to a lack of fomnmation of

.E ICTP resulting fmomn an inimibition of time

� reductmomm of CDP to dCDP; these experi-

ments confirm in vivo time fiimdings meported
by 1\Ioome and Coimen (5), wimo simowed that
Ama-CTP does umot greatly affect time en-

zymes obtained f mom Novikoff ammd Eimrlichm

tumor cells catalyzimmg this reaction.
Ama-C will immimibit time re(Iumctioum of CDP

��‘hemi time cells are immcubated with low con-

cemutmatiomms of CdR. Thmis inimih)itiomm is prob-

ably melated to the immcmeased activity of

CdR kinase imu Ama-C-treated cells, time ac-
cumulatiomu of dCTP in time acid-soluble

pool, amid a comusequemmt umegative feedback
inhibition of time re(Iumctiomm of CDP to
ICDP (20, 21). Since TdR kimmase is also

immemeased by immcubatiomu of time cells witiu

Ama-C (19) ammd situce (ITTP is an immimibitor

of time meductiomm of CDP to dCDP (20, 21),

it seems reasommabie to assume that how con-
centrations of TdR supplied externally will

also tend to imuhihit this meactiomm imm the
Ama-C-treated RK cells.

Time increase in the level of CdR kimmase,

as well as the increase in time amount of

CdR phmosphorylated in cultures tmeated
witim Ama-C, canmmot be ascribed to a partial

synchrommizatiomm of cell division by Ama-C

(4) ammcl to a resultimig increase in time num-
i)er of cells eommtaining time enzyme in an

active form, because time experimmmemuts were
eamuied out cluming only a relatively small

part of the cell growth cycle (which is
about 30 1mm, under the comuditions used).

Furthermore, time fact that the decrease in

time activity of CDP medumctase was affected

by CdR to a gmeater extemut in Ama-C treate(1
cells than in untreated cells would also



138 KAI>LAX, BROWN, ANI) BEN-PORAT

Mo!. Pharniacol. 4, 131-138 (1968)

indicate that the level of activity of CdR

kinase in these cells was increased.
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