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SUMMARY

Adenmosimme kitmase (ATP : adenmosine 5’-phospinotrmniisferase, EC 2.7. 1 .20) mm-mispmmntimihly

purified by DEAE-cellulosc column cimromatognnuphy fronu Sanconua 180 cells gnommnm i-n
vitro. This enzyme j)reparation, �miuicim was free of adenosinme (IeanunmmIse (ademosinie mumino-

hydrolase, EC 3.5.4.4) but contained midenylate kimmnusc (ATP : AMP phosphotnmunsferase,

EC 2.7.4.3), w-ns studied witim respect to its kiimetic properties and sj)ecificity for substrates

and inimibitors.

At pH 7.0 an-id 33#{176}the K�, for mudenmosinuc mmas 0.5 �I amid time Vnax mmmts 63 n�nuoles/nig of

proteitm ier min-iute. Stron-ig substrate iniuibition wmis observed at adenmosine concenmtnmitionms
greater timaum 4 �un, 50 �-�- immimibition occunninmg n-it mubount 100 .�ii. Time remctioim neojuined AlT

(Km 200 �m) mmmcl i\Ig++. Time olptinumul �sIg++ concenmtratiots mm-crc 0.1 and 0.25 nuui n-it 0.5

n-in-id 2.5 nu�m ATP, respectively. Concenutrmitiomms of #{176}uIg�higher thnumm timese mmene inhibitory,

p and ‘s1nm� substituted poorly for \lg�.
?mlost of f-he N6-substituted miclenmosimme mmnummlogttes whelm mcrc substrates of a-dcnmosimie kinmase

inlmibited time growtlm of 5-150 cells in ni/to. Amonmg tinese mmene tim-cl conupounds wimich arc also

knowim to be poten-it cytokiiuinms in plmnf systen��, nma-mely, N6-funfuryl- mind N6-(�2-isopenm-

t enyl) adenmosinue . The 5’-monmopimospinat e of t inc lmmtt er compound wnis mmot pimosphmorylated

furtimer by adcnylate kinumise. Ti-ic N6-substituted nudenosimes umlmicin mmere poorly on tiot mit- all

plmosplmon�’lated by adcnuosinc kinuuse mmcre also poor inmimibifons of S-ISO cells i-n n’ilro. Several
of these imcre i)Otetmt inmimibitors (�If ti-ic kirnase, such as N6-phenmylmtoleniosine, wlmicin mmmd mu

value of 0.6 �m.

INTRODUCTION

Adenosinc kinmmnse (ATP : mudelmolsinme 5’-

plmosphotruui-isfermuse, EC 2.7.1.20) is mit-i enm-
zynue imitlm bromid substrate specificity in-

volved in-i the biologicmtl mmctivati(In of severmul

cytotoxic purine nucleosides (1). It is also

inuplicat ed iii nidenosinme trtmt-isj)o)nt mA (I cimick

fibroblast cells (2), whereas mm mouse

This imuvestigationm was supported in part by

Public Health Service Besearch (Iranut (‘A-04175

from-i-i t he Nationmmil Canucer Instit cite.

Sareommu 180 cells time membrane trammsport

(If aolenmosine nuj)pemurs to be unrclm-ited to t ie

fuimction-is of aclenosine kinase (3, 4). Time

enzvnme ummusfirst demommstra-t ed immyemust tumid
mu nuanunumulimmnu tissties (5), mmmd it 1mm-is been

j)nmrtinully purified fnonm rabbit- liven (6) , fronu

lmunumuni tumor cells groimn in vitl() (7), mnm(I,

n-iost necetmtly, from brew-ers’ yeast (5) . TIme

study (If mudenosinme kitmmuse il-i cmuole cell cx-

tracts using adeniosime as time substrate is

oliffi emit- becmiuse O)f in-it enferetuce by miolenmosimme

deamuuitmau�c . This pai�er (leseribes t he l)an’t imul
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purificmit iomm anmol s(Ine pmo�)ert ies of mudenmosinme

kinmmuse of Smurcolnua iSO cells grown in vitro.
r1�h kinmetic characteristics mmmcl substrate mind

immhibitor specificity, especially as concerns
N6-stmbstitut ed adenosinue mumulogues, are also

described.

MATERIALS AND METHODS

(‘oinpouiuls. Conupoimmuols used lti time

present Sttt(IV were lIImt’eimmlscd fronu time fol-

l(I\mimig solunees : �uclemmosnue-S-’4C mind ATP-

_��-i-i1), fronm Anmensinann Semurle (1orponmitiorm,

��nhimigtonm Heigimts, Iii. ; cytio!inme-2-’4C anmd

guninosinme-S-t4C, fnonm Sehmummurz-\ minim,

Ormunmgebung, N. �V. ; inolsimue-S-14C and

AICA1�l ,1 fromn Cmilbiocinem ; unidinic-2-14C,

fronu Nemm Enmglmumd Nuclemin Corpornutionm,

Bostonn ; N6-funfurvlmudenosinme (kimmetinm ribo-
-side), fnonn T� mit-id K Lmubormitories; rnbbit

muscle adenvia-te kinmase (Grade III) numd

5’ -lmucle(Itiolmuse of Crotalus a-damanteus

ye liOIIll (grade I I ) , fnonm Sigmimmi- (1imcnmical

-Conmpanmv ; nmuicnognmutmula n DEAE-ce!lulose

( Whatman DE 32) from Heem-e Angel,

(‘hiftotn, N. �J. ‘1�ovoeanmvcin mm-mis obtained

I hnoughn tine coinntesv of Dr. George Acs,

Inistitute (If \Iuscle 1)isease, Inuc., Xcw York.

_N�r)_(cis-2-Cimlorobut em-2-vl)muo!cmmosinme and
t lie colnnesponuditmg trans dcnivmutive mmere ob-

I munmeol 1 imrottgh t ime eotnrtesy of Dr. Sidney

Hecht, Ummiversity of \Visconsin; H5�

lai)eled 6-rnetlmylrnercapt-o-9- (�3-i-nihofunan-

osyl)punine mmas obtained through the colun-

tesv of Dr. D. H. W. Hol, M. D. Anderson
Tunor Iimsf-it-ute, Housfolnu, Tex. ; p-

nit nobenmzv lthioguanosine mmmus ml gift from
i)r. A. R. P. Pmttensonm, Universitv of Alberta-,
holmmuonnt otm. N6-’\Ictim�!-, -isoanuyl-, -j)cntyl-,

-imexyl-, -ahlyl-, -pimenyl-, -benizyl-, -2-etholxy-

etim\-l - , minu! -j)hmeim(Ixyet hylmidenmosinie atid

N#{176}�’-(�-isopemmt enmyl) tubencioiinm mm-crc synt Ime-

sizeo! amid kinucily supplied by Dr. )�I. H.

I”levshuen of tlmis o!cpmurtmemmt . N6-(�2-

Isolpemmtemmyl)mnolcn(Isinme wmus mu l)rooluct of

Stark Associmites, Butifalo, N. V., n�ecrystal�
lized fnonm et-imanol by I)n. \I. H. I�leysiuer

mimic! founmol to) be n-ion-c thani 99 � pure.

(‘(‘ii e.rti-act. Time j)murent nu(Iunse Sarcoma

1 S�0 (5- 1 �-40) cell hinme (If l-o!ev mit-ic! Drolet (9),

nunuimmtmuined fom 15 yemmn�s mm this lmboratolr\’,

� ‘Flue mui)i)neviatiomu used is: Al CA U, 1 -fl-n-

ribofmnrammosvl -5-amimino -4-i mimidazolecarboxanmide.

wits insed in-i tine l)tesenmt study. ‘Flue cells for

enzyme isolatio)n wet-c grown ii Roux flasks

in nuotmolaven culture in Eagle’s mediunu (10)

supplenuetuted w-itim 5 r� horse serum. One

clmuy after the last meditnnu chanige, time cells

were scraj)ed off mmitim mi rubber policemai,

collected iii a small volume of time medium,

an-id ccmmtnifttgcd at 1000 rpn for 5 mini. After

weigiminmg, time cells were resuspended in 2

volunues of isofommic salt solution, centrifuged

at 2000 rpm fom- 10 nmiim, weigimed, n-in-ic!stored
nut - 700. Time fnozenm cells (2-g pellet) mi-crc

suspenmded mm 2 nul o)f 5 mit Tris-clmlonide

buffer, pH 7.0, coiutmuininmg 1 nu�n EDTA and

5 m�n NaC1 (buffer A). The suspeimsionm was
imomogemzed inn mu Potten-Elvcimjern homoge-

nizen- until nuost of time cells mmere brokeni mis

determined microscopically. Timis required

I-io more tha1m 20 ltl)-dlo\mm st nokes. All
operatioims mm-crc carried out at- or below 3#{176}.

The imomogenmte mm-mis-diluted to 6 ml wit-h

bttffen A, mixeol, anmd centrifuged a-f
105,000 X �i for 60 nmninu, usiimg a Bcckmmmnm

moldel L2-65B ultrmicentrifuge. Time super-

tim-il ant fluid was olimuivzed mugainst 1 .5 liters

of buffer A for 16 hn, mtnmd time dimulysmite was

centrifuged at 105,000 X (i for 30 nuin to

renuove time j)reeipitnute wlmicim formed.

Adenosine l�inase assa!]. Tic mussay mm-as
bmusecl on-i time conuversioni of mudenmositmc-M-14C

to nucleotic!es anmd them estimation after

cimno)matogrmipimic sepminmut iOti from t Inc re-

mmuinuinmg substrmmte . Umiless ot herivise speci-

fled, time remuctidln nmixture (0.4 n-il) conmtmcined

0.1 num adlemmosinme (2.3 j.�Ci -‘jumole) 2.5 nrnm
ATP, 0.23 m� MgC1 , 30 m�u poltassiunu

pimospimmote buffer (pH 7.0), and the enmzyme.

Time reaction-i mmas started by adding the

enzyme (20-160 .nl) to time mmssniv mixture,

imimich had been mmarmed to 3.5#{176}.Ti-ic nemuctioim,

at- 35#{176},mmas stopped by immersing time assay

tubes in-i a boiling mma-ten bat-h for 2 mm. Atm

aliquot (50 ,�l) was subjected to descenmding
clmrommutogt-nuj)imy for 4 lmr on \Vimatman No.

3i�\I�\I paper (2.3 x 33 cm) wit-im 1-butmunol-

acetic acid-mvater (20:3:7) as time solvent

(solvent A) (11). mm this so)lVctit svstenu null

of time nuucleotides nemaiui at ti-ic origin, mmlmiie

a-dcnosinie is clearly separated. The pmmpet

strip was cut intol 1-cm sections, which mm-crc

coummted for ‘4C eonutenft in 10 n-il of scinmtillmtton

sOllittiOlti colnmsistinng of 5 g of 2 , 5-diphmcnuylox-
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mizole (PPO) mmmd 0.3 g olf 1 ,4-hisr2-(5-

pimenmyloIxmizoIlyl)�benmzemne (P()POP) mm 1 liter

of toluen-ic in mu Pmickmircl Tni-Cminb liquid

scinmtillatiomm counmt en. Ti mc counmi mug efficienmcy

was 63 �Z-. Time control eommsisted of I inc colnu-

plete reaction mixture imnuerseol hi boiling

mvater bath immedimitely miftcr additionm of the

enmz�-me. Fxperimemmta! counts uvere nulwmiys

connected using the connespondinmg con-it rolls.

%Vimemm separmifi(Inm (If :\.‘uIP, A1)P, amid

ATP mmmis necessary, t hue cimronnmitogrnijIiny

umas carried (lilt- mmith solvent B [is(Ibutvric

acicl-mvuut en-XH4OH (66 : 33 : 1 )1 for 1 6 lmr.

Time mmssmiv for fornumitionu of imucicosicle

j)hospimates of unimibeled adenosinue nutumulogues

wnus carried out mis described mibove, except.

that ATP�y�iIP (1 j.zCi- jumo!c) replaced
ATP. Eacim assay mixunc contained 12i4

J.Lg of proteiim, numo! lime incutba-tion mm-mis cotm-

ducted for 30 mini. Solvcnmt B mm-as used for

cimrommutogrmmphy; the strip mm-as counmtcol for

321) conmten-it as described above. Time count in-ig
efficieimcv mm-as 60 #{182}�-;.

Testing of adenosine i-inn-se in/mibitoi-.s-. 1mm-
imibitory muctivitv mm-mis testeol initially by

itucubmitinug for 2 mm a mixture of 0.52 �mi

adenmosinme, 1.5 jug (If protein-i, 2.5 mu ATP,

0.25 m�n \IgCl , mltm(l buffer as oletmuileol
above, togetimer mmith 75 o�n 150 �zii inilmibitor.

p In time ilmimibitolr-free control lime conwension-i

of adeniosimuc to imucleotides mm-mismubout 30 �
K1 values for ti-ic inhibitors mm-crc deternuinmed

mit tmvo concetmtrmiti(Itms (If the inminibitor an-id

five coimcentratiotms (If mudeno)sinmc (0.53-1.64

j.i�n). Time inlmibiton-fnce controls mvere incu-

bated for 2 mm, uutul time tubes contniin-iimng

inhibitor, for 3 ninm. The K1 value mm-mis ti-ic

average of time two values (Ibtnuncd from time

Linemmemiver-Burk plots for competitive itm-
hibitors (12).

_.4(lenosi-ne (leamin-a.s-e assay. The demunmi -

na.se mictivitv mvnus memusinncd spectrophotcl-

metricnully by time method of Kalckar (13).

Time reactionu mixture c(Intanmed 30 mmi potas-

siunu plnosj)lmmte buffer, 1IIH 7.0, mind mit-i

mij)prOprinte mumounit (If einzyne iii a tort mu

m’olume (If 3.2 nu!. ‘lime hincmun decrease mm

absorption-i at 265 m.u mit 37#{176}for t inc first .5

minm mm-mu-smeasutned in-i a Zeiss PMQ II

spectropi-iotomet en e luiPped! mm-itin a tluennuo-

stated compant nmemut. The emzynue nuctivity

mm-miscalculated muccoNhmmg to Nmulckmin.

7’o’�’�-tin q #{149}/�i f/r() oil/i in /i it) it � . \ Ionmolmimer

(Itltinres (If S-iSO (ells imn ‘F-iS flmsks mmere

use(!. In 2 mmml(If nuetliimm (10), 200,000 cells

mvcrc nm(Iclmlate(l pen l�-l5 flask. After 24 hr

tine mimecliunu mm-mis replmuce(l mm-ith one coim-

tmuinmimmg time immimibiton, mmmd gm(Immtin mm-n-is mu-

l(Imme(l to Ptoceed! for I) (In 7 (!muvs mvitim tmmo or

tiurce nuclre cinminges of tvmcoliunm. Time gromm in

mvmns estimmutcd by proteitm IusSnuy (14). Tine

imuimibit (It�S mmcre mupplied nut seven-nil diffememmt

e(Inmcenmtrmuti(Imus, emiehi t est ed in-i t niplicat o’.

1�)otein (leter?llinalion. Pn(It cmi mm-mis ole

t (�rnmuincd mmecoroling I o I lie nmet imod (If Lou-ny

ci al. ( 14) , mm-ith bovinue sen-inn-i albunuin mis t inc

St mummchund.

RESILT5

Partial jnn-ificatiomm- of a(/eflOSilU’ lcinas(’.

‘l’he 5-150 eel! extract mmas subjected o

I )I�� E-ceilulose coltmnutm cimnomat ognuujliny

Itsinug mu- linmear Nmu(11 gnnidicmmt (see Fig. I )
Aclemmosimme kinmmuse ummts gemuenally cluted be-
I mmeeim frnnctionms 32 mutmo!65, closely folloumed

by midcnmosinue (lemunuinmmusc, mmi( in (Inuly flitm(Ir

ovenluuppinmg. ‘Fime fnmuct ions c(Imut muinuing a(Ien(I-

sin-ic kinmmuse but no dcamimnmuse mm-crc pooled.

‘lime (legree o)f puniiicmut iotm mmmus muppnoxinumutcly

12-fold mmlmemu e(Itmul)mmte(1 to time crude cell
extract . Time pnepa-rafiorm c(Imut-aincd till sig-

I-i ificmunf apynmise, mudenylmut-e deanminmmuse, )I.

nmueleosio!e I)imOslIImon�’lmuS nuctivit-y timnut- tnigimt
imave immtenfered mm the mu(!ctiOsinc kinunuse

aSsmuy, alflmoingim it- eomntainmed adenmylnute
kinase.

Pnelinuinmmurv cxjlcninmenmts revealed mu lack

of hinucmunitv bctmmccmm time i�uute of piiospimorvia-

tiOltu mfliO! time cmnzvnme c(Immcenitrmut-ionn, snug-

gest imng innact ivmut ionn of t hme enzynue nut inighn

(li!ttt loinS. Limemunitv mu-mis acimieved mmimeim

crvst millinme bovinnc sct�inn albumin mmnu� uulded

to) t lie mnssmuv mixture. Bovine senmmm mu-

btnnmimn uvnus t lmencfone rout mmclv mudded (500

j.tgml) 1(1 tIme poole(! fractions, to give mu

mmimminuuii commcemmt rat 1(Itu (If I 0 �g (If mulhunui tu

jcn missmuy timbe. iJnuo!cn timesc.co)Imditions, mmhcnn
Stonco! il-i time refnigermutor, time emmzyme pncpmm-

nationu lost onu!\ 10 � of its kinnuse muct ivity mm

34 (!mIVs, mmhmile mit - 70#{176}tRI loss (If act ivit v

mm-mis (Ibserveol aft en 2 nonutims.

‘Fine el-i-it lou jlmit t cmi of mu!cm�IsiIic kimnmmsc

mmclivit :‘�� mmmcm mi(!emiosimmc_5_t4(’ mm-mis uscol mis

t Ime subs( rat c (�IimmCided mmii im I hue pnut ( cmi for
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Ftu. 1 . (/ormmialography of a(!eroosine kim-oase on DEAE-cellulosc

8-180 (eli ext ruct mm buffer A (3 mmml, 3() mug of proteini) was applied I o a colunnmnm of 1)EAE-cellunlose (2 X

20 (mum) that fund i)eenm cquilibrmuted with i)uffer A. Time colun-ini thenu was wasined with 75 ml of buffer A,

anmd a linuear NmuCl grmudiermt- wmms a�)plied at nhue I)oinnt inmdicated by time arrow. ‘Fhis commsisted of two corn-

mummicatinig, ideniticmul vessels of butler A amid butler A contaimuing 500 mmmii NmuCl. The flow rate was 1

mnl/nnuimm ; 3-rnl frmu-t ionms wenc collected. #{149}-- --S, mudenosine kinase activity ; D- - -� , 6-rnethvlnercapto-

Ilurimue rihonmucleoside -�S ki mouse mu-i ivit v - ‘Fine relatively low activity for inuetiuylnnercaptopurinme ribo-
mmmm(leoSide as commupared wit ii t ime a(tivity for mudeniosinie is inmost probably (see Table 1) due to 6-day

st orage of I inc frmmct iomms i no murefrigermut on wit hmoumt mulbcmnmminu before t hey were assaye(! mvit h nmet hyl tmmercap-

t I ol)nmrinme rii)onmmmcleosi(!e . L� L� , :u(!emmosimue demumninase act ivi ty ; llrom (9 mu.

I

(_) - umet lnvlnmmercmipto - 9 -(�i-n-niboIimranuosyl)pu-

tilmc_3S as mu subst mit e ( l’ig. I ) . �fhnis sug-

gest S I him-it tine same cnnzynmme (mIt uulyzes the

IlinosPhlonYlmutiomm (If ( ime t \m(I conml)(Iunm(1s, as
huts been (Ibseryed ILIS(I by Sehmmmcbli et at. (7).

Genetal /)roperti(’.s- oj ailenosi,o-e kiim-a.se. Time

liimemmnitv of miolemnosimme lliuosl)l monvlmut loin umitim

tcsjlect I 0 t inne amid cnmz�- mile (‘01 mcciii rat ion is

simommmm inn I’ig. 2. .\.i mmilysis ( f t I mc remuct iotn

l)m0(ttlCt 5 mit 30 niuim� shuommed I(Inimmat iou (Ii 43 �- -

Ai’\IP mmmc! 55( A1)P, mmithm a trmucc of ;�l�P.
‘Fine (!epcnmdenmcc (If t I me react ion m velocit y otm

subst rat e c(Imneenlt rmit ion m is })m(�St�mit((l mis mu

scnmil(IgIinithmnmic plot iii lig. 3, mmhmiehmshnomms

t mat uudcmmositie 1)hmosPlmotYlmut � )Ii mmmus mmmmuxi-

immmul mul mulll)roxitmmmltelV 4 j..omn. Highmem coru-

ceiitrmutioms (If ac!cnnosinme mueme inmhnibitorv,

.50 � imniuibit 1(Iti being obsemve(1 mit mubotnt 100

j.omn mt(leluOsitic. ‘Fhic 1m,,, amid V,,,� vmulucs for

mL(l(9mosinme muenc 0.5 LLM mutmo! (�3 mmm/.Lmmmoles,tiig

of j)not cnn i�cn muimuut e, icsIIe(t iu-clv ( I-�ig. 3).
‘Flmis (olmmpmtrcol mmc-ll mmitIm I’u,,, u’altmcs nc-

I � )1t e(l ion I lie ciuzvnmme fr �nn l’h milieu ascii es
Cells [2.s umi (1 1 )], H.l1I.2 (ells � I .5 j.�mm (7).

mumm(lrabbit livcn � I .6 u.mm(6)1.

Fnu. 2. Pho.sp/mor!/Ialion of (1(Ie�oo.s�iFme (0.5’ a func-

1100 uif time (A ) (ii’i(/ protein concentration (B)

-.‘ . l’�XI)Cni mmmcmiI mul c ommdi I iOii5 muere as clescrii)ed

mnnuder M-i.FE1In-� � �mxn \1rI1(mia-, except tiimut time

volunme of the u-u l momi mmmvas 1 nil :mnmd it. conmtainued

44 ;zg of prot(�inm. Aliquots of 1(X) ,.J were withdrawn

at- specified t i mmie i not emvmmls amid munmalyzed i)y cimro-

mmiatograpimy Vit iu solvemot A..

IL A(lemmosimme i)tmm)5l)im(mmYl at iomu m�mus mmueasured

over 15 amino ms mu fmnmuct iomu of Plol cmi conucenmt mmut.ion.

1�xlIerimuieImt al (-ommdit norms were ums (lescril)ed uim(ler

MATERIALS �NO \mEm’nnon..
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FIG. 3. Phosphorqlation of (1(Ieno.�mroe (:z a fionc-

lion of substrate concentration

Experinenmtal cormditiomms were as (Iescrni)e(l

uimder MATEmItALS .�Ni) Mmrn-mnon)s. At 0.27-8.7 �mm

ademmosine-8-1C (specific mmct ivi t v , 47 MCi ‘�znmmole),

1.8 �ig of proteini were used 1-icr mu.ssay t mba. The

time of iimcinbation-i was 2 nmimm at 0.27-1.4 ,.�M adeno-

sine at-id 5 nmin at 2.2-8.7 �.an midemmosimue. At 1()-50()

pM adenmosiiue (specific activitm-, 1 pCi j.ommmole), 8.8

,Mg of protein-i were used, mummclt he tin-ic of imucubmut iomm

was 15 nmimu. A Limueweaver-l3mmrk plot (12) of t hese
data, based on-i muverm-uge velocity vmulumes, is showmu in

the imuset.

J?equ-i-re?nenl _/Om 1 7’J)#{149}‘fIme IIIm(I5lIhion�lm1-

tion (If adcn�Iu�inue mm-mis oiejlcniolcmut (Iti time

preset-ice of ATI� (l’ig. 4). Tine Km value for

ATP wmus 220 j.mmm (Fig. 4) , amid hnighm coin-

cenmtrn-itionns olf ATP, suehm mis 7.5 numi, were

not- significatmt-ly immimibitony nut 100 �mn molenm(I-
sine. At time optinumul adcnmosinie co)nmcenutrmutiomu

(4.4 �i), time K,,, for ATP mvmis 150 �zim. Time

nucleotide tripinosphnutc specificity for tine

reacti(Inu mmmusnot inuvestigate(1 here, but ITP
and (ITP mute milso kmuommmu t 0 muet mis JIim(Is-

pha-te olonuors (7).
__i1ii++ requirenient. l’igimre 5 sh(Imms time

�uIg++ requinenuemnt s (If t Inc muo!eniosinc kinmmmsc

remictiotm at tmmo commeemutnat ionms of A’FP. At,
2.5 mum ATP time Oj)titTmltnm \1g�� conmccnutnnu-

tionu mm-mis0.25 nuim, mmhile mit 0.5 numi AlT it
mvas 0.1 nmmi. ‘Fimtms, ti-ic optinmmul nmutio of

\Ig� t(I ATP (0.1 mmnm(l 0.2) o!iffcns smmb-

stmutmt ially fron�m umuit V. l-’imn-tlmernuone, lmighnem-
fimnum opt inu�ul �uIg++ conmeenut ntuti(Inms mmcnc

stronmgly immimibitory, iii mugreenuenut mmith \htn-

ray (1 1), cvcmm tioughm t h-ic �Ig��: A’I’P ratio

mvas still belomm 1 .0. TIne Mg� n-cquinernemut

of this emnzvnue millllemuns t(I be itff!epenmdcnt- of

�&TP mmmd (If I hmc fonnumit IcIlu (If mini \ Ig��ATP

cOIIll)lcX . \ I mm�1 simbst it nut col jI(I0t’l� for \ Ig� �
mit 0.12 1 mu it jlnon-iote(1 less t immuni 10 -- o�f

tIne oj)(inmul ncmiCti(Inm mmithm \lg�4.
/)!I O/)Iifltit?fl . ‘Fine 11F1 (Ij)t iflTfltfl1 (If mudemmo-

S1ti(� kinmuusc \mmns nut on belomm 1111 3.3 iii PinoIs-

6
30

: 20

I
2
� 1O

6
1.
6

F1(,. 4. PImo.�-pImor!/lutmon (if a(leno.s-mne (l.’O (1 .fm,n-

t000 of A ‘iJ� concentration

Jxperi mmmcmit ud � )nndi t im)mms were as descri bed

mmnoclem mm.�OERi .� L�-A #{149}�Ni) mmn�rnu on�s , except t Immut- t he

..�&-rP (OIlcCiO t rmit n nm was varied mis inidica ted.

Fach :ussmuv t-mii)e (omotaine(l 8.1 �g of lroteinm,

amud mhe immcmnl�ut n mm t mime mvas 10 ni no. Linmes�emmver-
Bunrk plots (12) of the smumne data (1(X) �ui ademoo-

sine, #{149}- - #{149})anm(l of chit a 01)1 muinied at. 4.4 �.usm

mu(lemuosimme �c:� �- a ) mime shmm)m�nu mu I hue inset.

30

6

2 20
6

6

2

2
I

I0

Mg Ct2 or MnCI2 (mM)

Fmc,. 5. EfTect of .l!q(’/� (110(1 .1/n(’12 on pho.�pImorii-

latioo’m oJ�(I(l(’fl().’i70C

F�r eXI)(riflienutal (ommditioius, see ii�i’ElIm.�I�-i

_mNi) ii ElliOns ; 4 ;.mg of Pmm)t Ciii were presemut inn each

assay tuni)e, mmmo(lth1(� imm(mibmut ionu tinme m�’as 10 mcmiii.

.-- - . mtnu(l 0 0 , effect of \igCl 2 mut 2.5 miiu(I

0.5 nmmn ATP, respectively; A - A, effect of

)�Imm(l 2 at 2.5 nmimi ATP. The poinuts represenit aver-

ages of at- I emmst I m�.() ex�)eri tli(im t mi.



Iliuuite buffet ( l”ig. 6) . ‘Flnis is sinmmilmumto tine

PH optimunm neporteol for tine rabbit liver
cmuzvn-ie (6) but (!ificns fm.oln t Immit for Einnliehi

muscites cells (I 1) mumuol H.Ep.2 cells (7), for

U
26

.� �

16

50

40

30

20

I0

Fma. 6. Effect of pH o�o p/mo.�plooryloitio,u of
(1(leflOsifle

Experinmenutal (Onm(li t i onus wene t lie same as

(Iescril)ed under mi.�m�um�n.s cNn MmrI’Hons. F�acim

mussay tube conmtaimmed 4.4 j.mg mm! pioteinm, mimic! time

inmcini)ationn time m�as 10 muiimm.

A(lenosine ammaloguc

I

I

I

50�;�� inhibition of
growth of S-l80

cellsh

j.�.iI
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mmhiclm mu btomucl ojltimmiUflm (If l)H 6-7 immis been

reported.

Substrate .s-/)e(-lfi(-ity. Tmible 1 lists time

mudemmosinie munmmulogues tomb! t 01 be stnbstrmit es

(If time mdenmosinme kimmmuse of S-iSO cells. Time

� , . ‘ tttulmbclecl muucleosides (100 j.i�un) were menu-
bmuted mmitlm 2.3 nuun ATP--y-32P (1 �Ci/�i-

mole) mum-id12.5 �.Lg (If j)roteinm for 30 mini mis

described un-icier ui ATERTALS AND METHODS.

If time nmucleosio!e mm-mis plmospimorylmited, tmmo

distinct rmudiomuctivc l)emuks appemtrcd otm time

ehmrommutogrmm inn soll’vcnut B. Imorgaimic l)imoS-

Phmute and rcsidumul ..VFP hnucl mcii RF of mu-bout
0.2. This scmttered i)emik PrOba-bl� con-

. � �-�- ttuitucd IIO1�I)imosI)innites (If sone of time mmmi-

5 6 7 8 logucs, since tlmis etmzynue prcpmu-ration mm-mis

pH contanuinuated by mudemuylnite kiu-iase. TI-ic small
but distinmct- pennk tintut moved farther froni

tine origin timan ATP but n-iot mis far as time

tnnmlabeleol nucleoside mm-miscoimsidered to rep-

resent mmucleosidc ;5’-nonmoplmosplat e. Timis

assignmment mm-as bmuscd oti time relative order of

mignnition in I his solvenut systenu, mmimiciu is

‘f�BLE 1

SubNtrates of (Idenosine kifl(1SC

Im-ihibition of 0.82 �mmi

- � . . A(lenosine-8-’4C-I -Nucleotm(Ie- - -
l)hosl)horvlatnon �

fornmecl’ -

At 75�mi At 150 �mi

ImIlA0010le -S (((0,’ � . C -�

protein omijom ‘ � ,/(_- ).L- I

Adenuosinue 17.2 (K,. 0.5)

‘l’umbcn-cidinm 62 . 2’ 73 14 . 2 0.17

l(oyocmumimycinu 22 . 7’ 1(10 0 . 6 0.05

.\6-I�-ietimyladenuosinue 48 . 4 18 .0 >3(X)

,V’-Fmnrfurylademusimme 14.5 22.6 5.0

A6-(�2-1sopemntenmvl)ademuosimue 13.2 14 .8 22.0

\6_ (cis-2-(�inlon- )i)Oit emo -2-

yl )adenmosinme 16 . #{182}1 72 21 . 1 4.4

_\6-(trans-2-(’imlorobut emu-2-

vl)adenuosinue 7.5 82 7.8 11.0

.V6-Bennz�-ladenmosinme 5 - I 68 82 >3(X)

.\-Allylmudenmosinme 46 82 94 20

\6_ (�2_ Isol�)emuteniyl ) t ubem-(-i(li no 3 . 1 79 92 30

6-i\Iet livl mmmemcmmIIto-9- (fl-n-

n-il)ofurmunu)syl )pummi iO(� 47 . 5 65 20 .3 1 .6

‘L N ucleosides mseme I est (‘(I f im- smmbst rat-c act vi tv as descm-ii)e(l unnuder \IA1’ERi A LS A ND MEi’IIODS, to-

get-iuer wit im ATP--� 321)

F, l)uriimg 6 or 7 dmuvs of grc)wt Ii ; (Oimtl(olS grew 15-20-fold.

C This figure rcl)m-esenmts onilv i lie mmuomiopimospiuate. ‘fime cliphospimate which miummy also have form-imed is

not inm(�lmn(led.
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ADENOSINE KINASE OF 5-150 CELLS Gt�)

t nipimospinmil e < dipimospimat c < monolpimols-

plmate < niucleoside.

Experiment nil evidemice for time formation

of 5’-nuommoplmospimatc mm-misobtainmed mu time

case of N0-(�-isopemitcnmyl)m-idcnmosinme . Time
presumed monmophosphnut c of ti-ic compoum-ic!
mvas eluteci from ti-ic pmuper and digested mmith

1 umdt of 3’-nucleotidase of C. adamante-us

venom (Signmmi type II) in 5 mum Tnis-

clmlonide buffer, pH 5.9, at 37#{176}for ;30 mini.

Timis tremutnuetut resulted mu a total loss (If :021)

label (see 1”ig. 7A), confirminug timmit the

compound ilmdlecd mm-mis3’-monmopimosphmute.

Time inuitimmi velocity vmilues given-i in-i Tmuble
1 are based on t Ime rate of fornation of time

corresponmdinmg nucleoside 5’ -mot-ioph(Isphmnute.

Thus, time rate of AMP formmition from

adeimosimme repnesenmts (Indy about half the

total remuctioim, since tine remmu-inminug imalf olf

the substrate mvas kimommnm to be converted to)

ADP under these conmditiolms. Also, Ion nu-

cleosides sucim n-is fubercidin at-id tovocamv-

cmi, mvhicim are knomvn to be coruverted to

polypimosphates (15, 16), time nuctumil velocity

values are likely to be inigimcn thmmnm those

given it-i Table 1.

Adenmosinme kimmase of S-iSO cells did nmot
cm-it milvze t he l)lmospimor�lmmtiotm of inosite-S-

t4(l; guanm(Isinme-’-’4-’4(�,cytidinne-2-’4t1, uridimme-

2_m4C, or AICAR. Thmcse conpotmmmds also did

nmot- inmhibit ti-ic I)hn(Isl)hmot�lmLt i(Imi of mudemnosinme.

�&Ic_�-�_1� immis beemi shmomvmm t a he I)hnosIIimon’�l-

atcd by crude pigeomn liven cxtnmucts (17). It

aI)l)cars, t hmenefone, t limit mu scllmtrmut c emmzvmiue

nutty be ituvolved.

Time relative rmut (�5 (If phmosphmomylmut loin, mis

listed it-i Table 1 , (If 6-nmmet imvlnmcncmupto-9-

( �3-D-nibofun’munmosyl)�ItIniiuc, I ubcneidin, iV#{176}-

nuethvl- nun-ic! N�-mullyl�uo!cnnosimne, mumnd t oyocmu-

mvcini conupmure mmcll mm-itin report e(i vmulumcs

(6, 7) . Time l)hm(IsPimoIn�lmul IOu (If scvcrmih iV�

substituted ademmolSimnes, mnot iiumest igmut c(! be-

fore, is mulso rel)onted mere. Thins, some

cvtotoxic mdcmmositme mummmulogimes mm-hmicin mire

milso knmommn to) be Ilot emit cvi (Ikitmills mmcre

substrmitcs of timis cmnz�nmc. Anuomug timese, N�

furfurylademmosine (kinmetitm m-ibolsidc) mumnd N�-

( �2-isoIpent cnyl) ademmosinue mm-crc fmuirlv g as I

substrates. Time K�, vmulue for N6_(�_iso_

Pclmt enyl) mudenmosinc ( 1 1 .4 j�mi ) mvmcs (!ctem-
mined (Fig. 7B). 1(eeemmtly it huts heenn .shmomvmu

timmut- crude cxtnmucts (If m(IuSe letmkcmia L-

1 2 10 cells c(Inverteol N�_(�2-isopemmt emuyl) -

midenosine to its 5’-nmolmnojlimospimmut e ( 1 8) . On

time bmsis of ti-ic present results it seems t Immut

U)

0.

2000

1000

FIG. 7. .4 . ,5’-.\ucleoti(lase treatment of P-lahcled .V6-(.�X-isopen1ero!jl)adeFoosine phO.Sph(lte

Comndit-iomms mure described mnmuder RESULTS. The dashed lu-ic represemts the pumper chronumutogrmumu with

solvemnt B ot _\Tu�(o�m�isopenmtemuyl)adenuosine pimosphmute iflcui)ated in the absemmce of 5’-mmucleotidase (comm-

trol), anmd tine s()lid line, the (hromatogrammu after incul)mutionu with the enzynme. The snmall i)emuk onu time

dashed hue, correspondinmg to inmorganuic phosphate, is presunmably due to nrnnemnzynmatic degradationu of

isopenutemnylmudenosinne 5’-phosphate durimmg imicui)ationm. The arrow indicates the solvenut fronmt -

B. Lineweam’cr-Burk plot for .V6-(�.12-isopentenyl)adenozine a-s a substrate of adenosine kinase

Experinuenmtal conuditiomus were as described umider mm�nEmnnmLS �Ni) MEi’HODS, except that I hue concenut ra-

tiomu of ATP-u--P (11.75 �mCi/.mmole) was 1 m� munich t he .V6�(��isopentenmyl )adeniosinue (onmeenut rat ioim wmus

varied as inudicated ; 1 .6 �g of prot eimm was presemit iii each mussmuy I unbe, tumid t lie t inie of inicubat ion was 5
mmmiii.



TABLE 2

IlohmI)itors (of (Ld(flOS�fle ki-nase

These (-ommmpouncls were also tested as potential

substrates iii the presemmce of ATP-u-32P as de-

scribed inn(ler mmA’1EnnI;mn�s �ND METHODS. The
munmounut of P-labelcd nmucleotide was below de-

tectionu, i.e.. less

per minute.

I luau 2 mn)Arnoles ‘nmg of protein

ti-ic cmmzyne inum-olveci in-i t hue (omnvctsio)n mmas

mioletmosimue kimmase.

Iflhtil)itOlS m�j wlenos-ine kin�i-se. �\.l1 the

stnbstrmutes of mudenmosinme kinmuse listed in

Table I mvene mulso comul)ct-itive iniluibitors

mvhen adenosite-S-14C mvas used mu-s the sub-

strafe. Figure S pn-cscnmts eviolence for this

concern-mug N 6-furfunyl- and N� (�2-isopen-

tenyl)adermosinic. The Js�1 for time latter conm-

pout-ic! (14.5 �mm) agrees mm-el! mvit-lm time Km

value, 11.4 �m, indicating that in this case

Km actually is time d!issolciation constnuiut.

1”urtimernmone, it is demur that time Ne-sub-

stituted unumulogues occupy tIme smumc site oni
time kinmase mis time tmutural substrate, mudeno-
sine. Solme of time N6-substitutcc! mudcmmosimuc

anmalogucs, sucim mis N#{176}-phemnyl-, -j)cmit yl-, and

2-pimetmoxyeti-iylaoleimosinc, mm-hniciu unmdcn tine

experin-ieimtal conmc!itionms used coimli! nuot be
shomvmm to) be substrates, mm-crc foumud to be

Potelmt inmhibitors of ademuosinme kimmmuse (Table
2). N6-Phetmvlmudeimositmc mm-mis mu comimpetitive

inimibitor, mvitlm a K1 0.6 j.nmi, alnmmost (!�(lumul to

the K,,, of mudcnmsine.
o’-AlIOflophOsp/mate of N6- (�2 isopen (eu !jt) -

wienosine as a substrate of adenijiate Ainase.

The possibility t immit N6-(z.�2-isopet-itenyl) -

adenmosine 5’-phosph mi-fe nuigh t be furtimem-

l)InospinolnYlatcd by miolenmylat e kii-iasc mm-as
exanuinnc(l. 1”or tinis �urposc the 2P-labclcd

.m-substituted
adenosine analogue

.\6-Phenuvl ademoo-

sine
.\-n-Pemut�-l -

muclenuosi n-ic

�\6_2_ Phmen OX\� -

ci iuvlademuosimue

.\0-lsoanuvl -

aclemuos i nue

_.\_ �- Hexvl a(lem io -

Si �O(�

.\#{176}-2-Ethuoxveth�-l-

ademuosimue

- tnhibition of
- (LS2 oi

- adenosines14C
- nohosphorynation � K-

� At � At
� 7S� �ot � 150) �iui

� (_; � ‘-,� jiM

- 87 � 97 � 0.6

- 77 � 93

77 91

62 s:� �

48 72

24 � 55

inhibition of
growth of
s-t80 cells

iL-Of

400

350

>>300

280

100

>300

L 0.12

E

�! 0�0
2
0.

E

I o.oe�
E

E 0.06

4 0.04

.� 0.02

____________---.--- -�- -�--..- �- , I

0

nuc)n(Iphosphnlt e mmmus l Inepmtrc(! muul separated

from ATP-�y-32P by laier chromatography.

Time eluted coml)olunmol, at 2 �.nmi, mm-mis incu-

bated mvith I mmn ATP, 1 nrmr MgC12, au-id 5
limits (If midenviate kinmuse in 50 mmn I)OtaS-

smum phosphate buffer, pH 7.0, for 20 mm
at 35#{176}.No labeled di- or triphdlsphates mm-crc

formed, mis determinued by clmronuatography

mvith solvcmut B ; instead, the original sub-

strnutc mvmus recovered unchanigeol. Under sim-

ila-n coimditioums ..A..�\Jp_S_t4C mind t21��lmibe1cd

tubem-cidin 5’-pimosphate mm-crc almost com-

pletely converted to ADF#{176},ATP, and tuber-

eidinm di- mit-id t nipimospinat es , t-espect ively.

It- is likely, therefore, that mmot only N6-

(�2-isopentemnyl)a-deniosine, but- tine otimer N6-

substituted adeimosine minmmulogues as mmell, mm-crc

converted only to time nuonopimospimmite level

mvithin f-i-ic cells. This inmis been reported to be

the case for tmmo compounds, N6-n-ietimyl-
adenosine muimd G-nuethylnuercnpto-9-(�3-D-

nibofuranosvl) punine ( 1 9-2 1 ) . In cott rast,

adenosinc analogues without substitution at
the 6-amiimcl group, sucim as t-ubercidiu,

foyocanmycimu, nutd formycin A, are known to

2.00.5 0.0 0.5

(Adenosinel#{176}(j.o M’)

FIG. 8. Competitive inhibition of adenosine

phosphorylation

Inhibitors: 0.- �-O, 54.5 �.iM .V6-fcnrfmmrylademio-

sine; A- ---A, N6-(..-isopenutenyl)adenosine;

.-�- --., moo inhibitor. For experinmenmtal condi-

tionus, see MATERItLS AND METHODS.
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ADENOSINE K1NASE OF 5-180 CELLS 671

be coniverted to tniphosphates mvimiclm may

furtimer be incorporated it-ito nucleic acids

(15, 16, 22).

A denosin-e analogues as inhibitors of qrou-ih

of 8-180 cell-s in vitro. All f-he compounds in

Table 1 mvimich were substrates of the kinase,

except N6-methyl- and N6-benzyladenosine,

were also potent inilmibitors of cellular multi-

plicat-iomm. Time most- potent mm-crc foyocamycin
and tubercidin, whicim tune ktmomvn to be in-

corporated it-ito nucleic acids (15, 16). It is

interesting timat- N6-(z�2-isopenteny1)tubcr-

cidin mm-as 200 times less cyt-otoxic than

t-ubercidin-i itself, most- probably because of
the lack of itmcorporat-ion into nucleic acids.

It- is reasonable to assume that- this analogue,

like N6-(.�2-isopentyl)adermosinc, stops at the

monopimospimate level n-it-id exerts its inhibition
in t-imat form. Compounds listed in Table 2

which mmere potent inhibitors of adenosin-ie

kinase, b-itt were poorly or not- at- all phos-
phorylmuted, iuardly interfered with the multi-
plication of 5-180 cells in vitro.

DISCUSSION

Aclet-iosin-ie kinase is a “salvage” enzyme
a-nd is not needed if svntl-iesis of AMP de

novo is fun-ictional. Timerefore, it- is not- sur-

prising timat the compoutids listed mi Table 2,

which are potent inhibitors of the enmzyme

but are i)O0rl� or imot n-it all pimospimorylated,

interfered little if at- all mmit-Imthe multiplica-

tion of S-iSO cells i-n vitro. Although this

enzyme is mibunclant- iii most livitg systenus,

it imnms beet-i simommui to be absent- from human

epithehial carcinoma cells resistant to ti-ic

otimcrmiisc cvtot-oxic agents 2-fluoroadenositme
and 6-methy1mcrcapto-9-(�3-n-ribofuranosvl)-
purine (23, 24) . Indeed, only time sensitive

cells containing nudenosinc kinase mmere fouimd

to fort-i-i the phospimorylated derivatives.

Recently, a mouse Smircoma iSO cell lit-ic mvas

developed -i-n- vitro mmimicii mvas resistat-it- to mu-
number of potent- cytotoxic adenosimme atma-
logucs au-id was found to conf-aiim only traces

of adenosine kiumase (4, 25) . This l)romnpted

the present invest-igationu of time properties
and substrate specificity of time enzyme in ti-ic

sensitive S-iSO cells.

Timis study differs from son-ic previous onmes

(6, 26) il-i utilizing a direct adetmosinc khmase

assay instead of a coupled one. Nemv ob-

scrvnutionms provided by I mis si udy mune I ime

substrate inhibitioni at relat ivelv bum- coni-

centrations of adenosinc (50 �- nut 100 �n\m),

the lack of correlation betmmeetm �\lg++ mind

ATP requiremenits, numo! tine Substrate
and inimibitor specificity, especimully u.s
regards the N6-substit -itt-cc! uudemn(Isimme anumul-

ogues. Substrate iimhibition (If mtdemo-

sine kinase mvas nmot observed2 by Murray
(11) or by Holmsemm et al. (25) in�u crude
extracts of Eimnlich atcites cells or plmitelets,
respectively. Our obscnvnutiotus concerning
time Km for ATP (150-220 �umi) mmmd lack of

significant inihibitiolnm by excess ATP com-
pare mm-eli witim studies of other mvonkens (11,

28, 29), mvimo also used mu ohinect- mussmiy.2 In
contrast-, Lindberg et al. (6) and Konnibeng
and Pricer (26) observed optimal udenmosine

phosphorylat-ion at 300 j.immATP, mmlnile high-icr

concentrations mm-crc inmimibit.ory. Lindberg

et al. (6) also observed mm optimal Mg�+:
ATP ratio of unmity for tine rabbit- liver

enzyme, in contrast to mu ratio (If 0.1-0.2 for

ti-ic 5-150 enzyme. These diffenemuces may
reflect the indirect assmuv used by these in-

vestigators, mu-hich included atm ATP-regen-

crating system (pimospimocnolpyruvatc-pyru-
vat-c kinase) and lactate deimydrogenase,
and in mvhicim the oxidatioim of NADH to

NAD+ mm-mismcmusuncd nut :340 nu�i. Higim con-
centrat-ions of ATP mire knomm-tu to inimibit
this ATP-rcgenernutiimg system (30) , this

inhibition being overcome by Mg� (31). In

addition, time sttbstrnute for pyruvn-ite kinmuse

is f-he Mg��-AI)P complex (32). In our
studies as mmeli as t imolse of Lindberg et al. (6),

ti-ic cnzyne 1)neparatioln-i contained E1)TA.
Inmdecd, no reomuinemenmt for Mg++ imnus been

observed it si udlies mvhich enployed no
EDTA (7, 11). \Iunnav (11) observed in-

hibitioln of ac!emuosine kinmuse by El)TA;

this could be overcome by Mg++. It a.ppemirs,

tlmen’efone, I imat- a-denulsine kinnusc linus mu ne-

quirennemut- for 1\Ig++, mmimich is observed OIlily

in time iwesence (If E1)TA, sitggcstimug tiumit

\Jg++ nutty tmormmilly be bound to ti-ic enmzyme.

2 After c()rnplet ion of I his mmmamnttscript-, we cmumnc

across time llmiPer by Mevskens ammd Wihliamns (27).

Usin-ig crude lysates of imurnan crythmrocytes munud a

direct- mussmuy, these mint hors observed nuo substrate

inhibitiomm mit 40 jiM a(lenmoSine, wiuile comicenmt rmmt ionus

of ATP higher than 1.25 nm�m were iniuibitorv.
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0mm time bnusis (Ii t hoe pncscmnt st u(lics, t iue rc-

quinememmt for \Ig+� is ni(It for the fornumution

of atm i\Ig�+_ATP conumplex, mmhnichn inmus beenm
neporte(l to be t inc act ive stbstnnutc for numummy

other kinuascs (33).

Time interest- mu Nt-substituted ademuosimmes
stems from time observmitionm that severmul of

timese are potetmt cytotoxic mugents (34-37),

amid that t-remutmctit- of imunimmn muyelogenmous

leukemia with omme of them, N6-(�-isopenu-
tenyl)adeimosinme, slmommcd so)nmc degree of

success (38) . Also, tinis compoutmd and scvermul

related analogues mire potcnmt- imuimibitors of
mudenmosinme uptnul-me by namnumulimunm cells, utm-

related to ti-ic mideniosinme kitumuse conutent of

thmese cells (3, 4). i�untinennm(Ine, immnumy (If these

nmucleosides mm-smm-eli mis time connespommdinng free

bases are potcmt cytokitminis in plmttut systems

(for discussion, sec ref. 39).

As regards time snbstrmite specificity (If

mu(!etmOsitie kitmase, it is immterestitug timmut I hue

effect of rcplnuccnmucnut- of tine (1H group oti

t lie isopentetuvi sioie cimmuimn by ciul(Ininmc mmnus

etit irely depemndemmt (Iti time 1)Ositi(Iti (If t Inc

imalogctL Thins, neplacenuemit mit time (iS jIO)51-

tion-i imucremused tine mmute of pim(Ispimo)rvlati(In
slightly winnie time muffimnity for the cnmzyme

dropped ; chloritue mit I Inc hans positiomu de-
cremused tine nenuctiomm mute abolut 50 #{182}-�but-

(loubledi affitmitv for t lie enmzvnmue.
The presemut stttdy l)n(Ivides Pt’(IoIf for tine

fonmat-ioti (If time 5’-nmmonuopiuosphmmutc (If N6-

( �-is(I1Ienmtcmnvl)mudenmosin-ic mmmd tine lmuek of its

funtimer pimospimorvlmutiomi by miolcmuyimut e kinuase.

Timis, togetimen mm-itim l)reviotms cvioiemnce C(Ili-

Cct�Iuitmg fonnmmmtiotm (If time nmuonu(Iphnosphmnutes (If

N6-methylmtclemmosimmc ( 19) mmmd 6-nmct hnvl-

merenupt (I-9-(f.�S-m)-nibofunmmni(Isyl) l)Utilie (20).
simggests t hmat null time cyt(It(Ixic N-substitUted

mi(ietmOsinmcs mmhmiciu mine subst mit es of muclemmosimne

kinmase st(IjI nut tine nlllnmophn(Ispiumutc level

amid cxcnt their iiuinibitorv cileet- hi timmut form.

Since JIt�t�Vi(I1m5l�’ fonnmcd 1)Utitm(�5, t hem nibo-

mumcle(Isides, on deoxynibommucleosides mmene

unumu-ble to I)t�)t(L(.t time cells migmuinmst time cyt(I-

t(IXiCitV of timese c(Inmj)outmmds (35, 36), it nmmust
he connclu(leol thmmmt tine h)ninan� n(Ic!c (If

:tctiotm resuhtimig iii time imuhnibitiomn (If celittlmun

n-i��mi��nltiphicmit ioti is 11(It fco�!bnuek imuhuibit ion.

Altimougin I he Ilnesenut stinoly Pmovidcs usc-

ful infonnunut moim (Ill t ime subst runt e sjlecificitv

(If uu(letmosine kimumuse, I Inc tima!iimg of jI()temit

inminibitors timmut j)O55C55 citinci 11001 (It 11(1

sinbstnmite muffinmitv tot tinis etmzvmc atmd at the

smune time lack cytotolxicity is also interesting

becnuusc (If time possible uscfulnmcss (If such
conupoiitmds mugmuinnst inifectious orgalusms

mvimicim muck tine nubility t(I syntimesize purines

(Ic novo mind mute depenidenmt on adenosine.
These compoumuds nmuy also prove useful in

jlnotectionm nugmuinmst time toxicity of compounds
mminicim reo�uire ntdemnosimme kinmmisc for act-iva-

I iomm.
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