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si__itMARY

DIVEKAR, ASHOK ‘V., Sn�oCu�n, HAIOIOY, K., ANI) HAKALA, MAIRE T. : �\#{176}-(�-Isoopo’nuto’ntvl)

aclo’mioosimuo’ 5’-miioonuoiphosplua(o’ : io)nissa(ioouo mumud effect 0)00 hiunimut’ msietmuhitolismss itt cetlutmur

mum-ic!t’uuzviuia(ic svsto’ms. Mo!. Pliarinacol. 10, 529-543 (1974).

Tho’ groowth oil Sarcoinsa 180 cel!s (5-150), whefho’r depend’mo( tim-i (he svutfhesis ooi punimut’

ntuclo’o it ides tie mmmo (foola(c’ nsediuuiu) oor out prclormuso’d puninu(’s (tumiio’(hoop( o’niu mnt’diunt) such

as hypooxamufhimue, adenimue, or adeutosinut’, �vas imuhuibi(o’d by 50 mimic! 100 #{176}-� mu I 5-22 amid 100

jz�m �V#{176}-(�2-isopeuu(o’nyl)ado’muoosinuo’, respc’c(ively. This adenuosimuc’ auualoiguo’ was shoowmo too

accusiiuha(e mu (ho’ cell wato’r in (he fonimui of the 5’-niomiophosphate at 2 m�m who’ni flit’ extra-

cellular roucleosido’ levt’l was 100 pi�m. In 5-150 co’lts incubated with 100 amid 300 ,�

isopc’mt(-o’uuyl)adenosiiue amid �3O �M {S-4C]adc’muiruo’ (ho’ forniatioomu of [S_u4C]ATP was iuthihito’d

by 55 timid 64 #{182}�, respc’c(ivo’ly, and [Su4C1A�\Ip accumulaft’d mit 53 �M mis coousiparo’d with flit’

conitroit, who’re A1\IP wmus undetectabte. Umuder sinsilar coonuditioouis (Ito’ comiversiomt of 100 p�n

[S-’4C1�htypoxaiu(huiuut’ too ATI� amid GTP was inshsibited by 51 timid 65 #{176}�-, respo’c’fivo’ly. A 5(11(1-v

\�.aS nsadc’ ton ti-to’ o’ffo’cf ol chemically pro’pmurc’d _\#{176}-(�2-isoopo’muto’miy1)ac!o’mioosimue 5’-misoimtoo-

phospha(o’ tin-i so’veral o’mizyines involvt’cI in (lit’ roctabohisns oil punimuo’ nuclo’oo(ic!es, usinug co’lt-
fro’e o’x(r:uc’(s of 5-150 co’lls. This coousipoouutd im-ihibito’d mido’iucosimue kimiaso’ l�’ coom�)o’(ing with

ATP (I( ii�Krn , 1 .4), tudo’muino’ phosphuooniboosyltramusfo’raso’ by conipeting with 5-phoosphiom-

nil�a.ivl 1-pvro)pho)spha(o’ (K � , 4.0) , A\1 P kinsaso’ by o’oins�ic’(iuig with A)sl P (K 1/K,,.,

5.8), L\IP dehydrogenimuse i)y coni�io’(imig with L\IP (K1/K,,, , 15), timid ado’muyloosuccinafo’ svmo-

(ho’(muse mtoincooisipo’(i(ivo’ly with rc’spo’ct too Ii\IP (K1 , 3.0 uiuim). This nucleotido’ auimulogue was

alsoo mu mssodena(t’ iuuhibi(oor of 5-phosphsooniboisvl 1-pvrophoosphmi(e symitho’fmise, timid a pomoor

imuhibito or oof ademuvltosuccina(o’ lvaso’, hiypooxaut(huinie phiosphtonibo)syltraltslo’rase, tumid gumo-

nyla(o’ kimiase. Since (ho’ mssuh(iphicmu(ioomu oii 5-150 cells in vitro is iiudo’po’nclo’ui( cii Preloonlsio’d!

I)uniuut’s, it app(’ars (limit flit’ inuhibitioon oil ac!o’mtiite phiosphooniboosyttransfo’raso’ o)r oil adeiuoosimio’
kiniaso’ cmuutmuoo( ix’ flit’ l)asjs for the c’vttofooxici(y of � Thto’ mi-
tract’llulmur iicoools oil A��-il P amid 1”sIP wo’re miomrnialtv c1ui(o’ loiw (niuclu lo’ss (hami 0.1 mint)

as co inosj)murt’d with (hat oil _\� �_ (�2.j50)1)0 ‘uifeuuvl )ado’muosimue ;‘-mssomiophuosphat o’. It to�)pt’tirs,

thit’ro’iooro’, (hat �\.�s1P kiutase and I�-iIP dehydrogenaso’ may be the critical sift’s oil muc’flomi.

Iuihiliitiomuu oil (ht’so’ t’ntzvnimi(ic steps could oausc’ a shortago’ ci ATP and GTP, lt’adimtg too

imuhihitiomi 0)1 all (Ito’ symutho’tic prt�ct’sst’s rt’quirimig (hiest’ tnil)lioosl)hatt’s amid, o’vemifuatlv, fto

cell c!o’tuthu.

1 Hecipietot of Trttituing ( raoit- itt Clitoical Bio- of the reqimiremetots for the degree oof I )ooo’tor of

chenuist-rv (N-I-196001. Part- of this study is derived Philosophy to the 1)eparttnetot oof Biocheniistry,

fromsu a thesis to be stohniitted in partial fulfilinictit State University of New Voork at Buffalo.
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I NTROI)UCTION
_,\� 6_ (�2_I so oiio’us(envl) moclo’mioisinio’ is t ho’ 9-f3-

ribosyl do’nivmu(ivo’ oil onio’ oil (lit’ ussintor bmises
found imi (HN’A 0)i till spo’cies. \Vhilo’ (-his

ItU(,le05idt� amimulogut’ micts as a cytokimuimu mu
planit sys(o’flss, if is (‘v(oofoxic to ussost issant-
rnahiami co’lts ( 1 , 2) amid Ismis shown sonic’

succc’ss imi flit’ c’huo’isioofluo’m’mupv oil a pat iemit

with pr(insyo’loc’ytlc lo’ukt’ussia (3).

In cell-fret’ svsto’nss \� #{176}-(��-isopento’miyl) -

adenosine has bo’o’uu shioowit tom ho’ a substrate

for ado’muoisimuc’ kinuaso’ (K5, , 11 jnm) (4). It- was

a iooor imuluihitor tii ac!o’muoosinie deamisimuase

(K1 , 1.3 mint) (5), glucooso’ 6-phoispha(o’ do’-

hydrogeiiaso’ (K1 , 3-5 mint) (6) amid nianu-
nialian (-�RN’A uss(’thiylast’ (7).

In Sarccimssa- 150 cells N#{176}-(�2-isopentenyl)-

ado’muoosimue \vtus f(iUlid o ho’ a- potent

inhihitoor for (lie uptako’ of punt’ and

pynimidimse muuclo’o osido’s (S , 9) . The muoninahly

obso’rved imucreaso’ ito uridimue kiuuase act ivify

caused by phytoheniagglu(imuiuu wa-s pre-

vc’mi(c’d jut hunntin tvnspluo)cvt es whtent exposo’d

(0 (his adenosimut’ aitalcoguo’ (10) . The cyto-

toxicity 0)1 ..\ �_ (�2-isopcmitc’utyl )adenosinie for

S_1802 co’lts \vmis shioowu fti comrnelatc’ �vithi (he

imitracellulmir cmupmuci(y oil (hic’se cells to con-

vent- the amualogut’ fo (he 5’-nsoimuophosphuate;

in co’lls resis(aiu( to the aiualogue both its

ul)(ako’ and phosphiorvla( it 01-i were drastically

reduced (5). On (lie basis oil tluo’se observa-

tions it appc’ano’d that (he 5’-issouuopliospha(e

of AV6_ (z�2-isopentemiyl)ado’nuosiuie was the

actual cy(otoxic ago’n( . Th(’ present study

was undertaken (o�o do’ft’ninsino’ (lie effect of

this 3’-monophospha(c’ omu punimie miucleotide

n�etaboi1isrn both witluimi imotao’( S-iSO celLs

and iii cell-free extracts. A untique nse(hod

for (he deterimsiinuatioii of punimue muucleo(ide

pools, especially suifablt�’ for co’ll culfune, is
also described. Abstracts on this subject

have beo’mi published (11, 12).

MATERIALS ANI) 1\IETHODS

Corn-pounds. [S-4CJ�V#{176}-(�2-Isopo’ntemy1)-

adc’nosine w.as pro’pared l)y 1)r. �-s1. Fleysluer

2 The abbreviations tosed arc 5-180, Sarcoma

180 cells ; IPAMP, .V - (�2-isoopetitenyl) adenosine

5’-monophosphat-c ; I PAdo , .V �_ (�2-isopent eooyl)-

adenosinie ; PB PP, 5-pioospiioribtosyl 1-pyrophos-

phate; HEPES, .V-2-Iiydroxycthylpiperazine-.\’-
2-ethanesulfonic aciol.

imi this departnso’mtt (13) amid wtus 99.7 % purt’.

Thuo’ o(ho’r Iabc’lo’d cois’ipiouuucls uvero’ tobtained

fr(ont Arosersluamsi/Searlt’ tumid Sc’luwmurz-’ \Iaiumi.

[8- ‘4C] I � I 1� , tolit aimot’#{128}!iro�oisu Schuwanz/ i\ lamus,

coomufmoimto’c! iuuosimoo’, which was reissovc’cl by

Co otomsut clint onsaf oigraphv o�)ui DEAE-co’llulose

( ioinimsiatc’) . [U- ‘4C]L-Aspmur( at e (Aiuo’rshiani/

So’arlo’) coon(aiuto’d a- 0.3 � imsspunity of �3-ala-

muilio’, which did not iii(c’nlo’re with these

studio’s amid (iio’reioire was not rt’nucovo’d. Thc’

purity of (ho’ otho’r labo’led c’oonuptiuitc!s was

ado’o�ututo’ uvithou( punificatioon. Hmubbit-

musc’lo’ aclo’muvlato’ kimumise (gradc’ III) ton-id 3’-

iuuclo’ot idasc’ 0)i Ciotalus adano an le us veuuoini

( gnado’ II) wo’ro’ obtained fronsu Signia

Cho’nuical Conupanty.

C/oem ical synthesis qf IPA]IP. Phospho-

rvla(ion of IPAdo to (he 3’-isuomuopluoosphuate

was carried out as described ho’ \o)shikawa

et a!. (14). Ono’ isuillimole of IPA!o was

dissoilvo’d mu 2.5 iusl of (niiiio’(hvl phoosphuato’.

The soilutioni was co)o)lo’c! too 0#{176}mu ice, amid

0.36 iii! of POCt was added. Alter usiixnug,

(Ito’ solution was allowed (cm stand in-i ico’ loin

6 hr, diluted with 30 nil oil ice-coold watc’r,

hiroough( to about pH 2 with 0.1 N XmuOH,

auth (ho’iu extracted oitce with 40 sisi oil co)ld

ethyl o’(her, which was discarded. Tho’ solu-

tiomu was brought- to) roxousu temperature, and

charcoal (Nonit A) was addc’d. After 10 nsiii

(ho’ suspo’uismoomi was filtered through

\Vha(rosan N’oi. 3 filfo’r papo’r tilt a Buchnen

lumumiel, at-id (ho’ fil(ra(o’ was discarded. Tho’

charcoal ott (ho’ papo’r was washed five or

six (mnso�s with water, at-id the adsorbed coni-

pounds \\�(�I�(� (ht’mi elu(c’d with a mixture of

waten-N’H4OH-e(huanoil (50 : 2 : 48) . Tlue soolu-

tiom was o’vapoirafed too dryness umuden

vacuum at 300, amid (lit’ ro’sidue was dissolved

mu 3 iii! of water amid ptacc’d on a 1 .3 X 1 3 cm

column of DEAE-co’llulcmse (format-c) . The

colummu was washed with 200 nil of 1 iii�r

foorniic acid to rc’movo’ (he utureact-ed IPAdo,

au-id IPAMP was o’luted with about 150 ml

t�if 0.1 �i fc)flisic acid. 1”onisic acid was re-

15i01V(’d by t’vapooratiomu utuder vacuunt at

30#{176},timid (ho’ residuo’ was c!issolved in 100 nil

0)1 wafc’r aitci evapoirato’d again (ci drymuo’ss.

The residuo’ wmos dissomlvo’d in-i wa(o’r amid

s(ooro’cl lnoozem mit - 700. The iiioilanifv oil (Ito’

sohu( it out wmis cmulc’ulmif t’d frtoiii (he o’xtiitctiomu

at 267 itnu (15). TIue yio’ld of the nucletotide
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was niono’ (luau 40 #{176}. Imuomrgamuic mimic! oorgamiic

I)ltoosPhta(t’s �vo’rt’ c!t’(t’nmssimio’d by (lit’ iuio’(hioc!
of Dryer et at. (16).

(elt e.r/raets. ‘Flu’ co’ll limit’ �vas (hit’ 1)0it�0’10t

lss001_isd’ Smurcomsia 1 80 gro owmu in-i nollo’r bo of t to’s,

hmurvo’s(ed, antd sfomr(’(l mit _700, as tio’scnihoo’d

(3). Tho’v wo’ro’ go’mio’ralty uso’d wi(Iuimu to

mssoouu(h , amid (lit’ o’o’tl o’x( rmucts wo’ro’ pro’j)turt’cI

mit 0-4#{176}by o’i(ho’m oil � jirtoct’duro’s.

Promcc’duro’ A : Tho’ iroozo’n (‘Otis wo’ro’

(hiawc’d tumid suspo’mic!o’d in-i 1 volunso’ oil buffo’r,

diffo’remut buffers lio’imig 0150(1 Icon flit’ c!iffo’rt’mot

t’nizvmsie j)rt’parmi(iommis (�fmu1ilo’ 1). The c’o’lls

went’ (ho’mi lsoimssogo’moizo’d in-i a Po((c’r-Etvt’lsjo’mus

huomnsogo’nizo’n, ditu(o’d with 2 volumuit’s oil (Ito’

saint’ buffo’n, tumid! o’o’m(nifugo’c! at 105,000 X �i

for 60 ussimi iii a Bt’ckissmiui issoodo’l L2-65B

ult-raco’n(nifugo’. i�Iuo’ sotpo’nutatauit fluid was

dialvzc’c! migaiutst 200 vootuusies of (hut’ smonio’

buffo’r loon 16 hun muitd reco’ntnifuged loon 30 muim-i

( 0_i ro’iiuoovc’ flit’ prt’cipi( at e t hat ioirmiied . The

supt’rmiatant fnac(ioonu was s(omred tit - 70#{176}in

smusall alictuots, which wt’ro’ onset! wi(hiimt mu

nsoomtfh. Proott’imi iii (I-ic o’xtrmuct wtis mussmuvo’d

by the msso’fhcd oml I�i�vry et at. (1$), usimig

l)oviue st’nuuuu albunsimo mis f-lie stanuchiord.

Prooceduro’ B : TI-it’ lnoozo’n co’lts ivo’ro’

thawc’c! and susjienido’d in-i 3 vootumiso’s oof

buffer a( rooommss fo’nsl)t’ra(une in-i a sfooppert’(l

�)omly�oroo��lo’mot’ (ubt’. The (uhio’ w.mis imivo’r((’d!
gens(ty fivo’ oor six (hut’s tumid plao’o’d in flit’

- 70#{176}stoorago’ (‘hut’s( loin 60 ussimu. TI-it’ suspt’m-i-

sio)ti \\.tis hio’mu flimiwo’d mi ais--iI)it’uif i�miter tumid

nsixo’cl mis tuhio ovo’ . Tlit’ lrc’ezinig-fhumiwiuig iirt o-

o’o’dure w.tus rt’pc’mu(o’d (\\�(i moore firiio’s; (I-it’

suspo’uisioin w.tus ( huo’mi c’em( nilugo’c! , mimic! f hue

o’xt rmicf- was c!imulvzo’cI , recentnilugo’o! , tissmuvo’cl

ft)r proott’iuu, mimic! sfooro’d as in prood’t’dur(’ A.

Enzjpne assa-ys. Tin’ t’nzymiio’ assmivs using

thic’ c’ruc!t’ oor pmtr( holly punifio’cI (‘o’lt o’xf rac’t s

wo’ro’ bmised tom-i c’oonuvo’rsioiu of (hit’ n4(’_lmOl)t,to,(!

subs( raft’s t 0) j)roducfs which wo’ro’ o’sf immi(o’d

alter (‘lint muiimu(oogt’mtphuic’ so’parafioiu (i�muble 1).

Iii t’ti(’Ii cmust’ (Ito’ tussmuv ussixturo’ am-ic! o’muzynst’

wo’rt’ first imtcubmu(o’cI separatt’lv Icon 3 nsin mit

350, milton ivhio’hi flit’ rt’acfio)n af 35#{176}was

s(an(o’d by toddjtioomu oil the o’mizvnso’. hut’ ro’tuc-

(ion u�mos stomppo’(! o’ithut’r by imususiersimog flit’

assmiv tubo’s iii(ti boihimig wato’r foor 2 miuimu,by

(Ito’ mudc!itioomi oil 0.1 voluisso’ oil 0001(1 30 �

trichtlomrtuco’tic moc’icl, tom’ by dilutimug fhto’ ro’tuc-

tio)mt nuixfuro’ uvi(ht SO nil ooi it’e-t’olc! waft’r

(i’tublo’ 1 ) . Thuo’ mnixf uro’s wont’ ctmoolt’c! ito icc’

tumid c’o’iutniiugo’cl too ro’uuuoove flue precipitat-t’cl

l)roo(t’imi. Ami molitiuoot (50 pt) cof flue super-
momittitit lnmio’(ionu wmus spotto’d tout mupmuper strip

arid c’hromsutot 0 ogrmophio’cl mos cit ‘scniioo ‘d l)o’lo ow.

‘flue ro’ad’(ioofl rtito’s ro’preso’utt’d imii(ial vo’lot’i-

(it’s ; (lit’ c’oomuvo’rsioomo oil subs(rmu(o’ in-i (ho’

umiiuthuihi(o’d coomufrool � mulwavs less (lutomi

20 �
Rwlioclo 1o)noaI((/1a/)/o Ic te(’Io a iques . Sc’pturti-

(jolt-i 0 ml radioolmubo’lo’c! subs(rmuto’s lrooist j)roodol(’f S

\vmis carried tout o’ithtc’r tori \Vhtu(riimumu N’om.

:fld �1 ton I)ES1 ptup�’n strips (2.5 X 60 (‘iii)

by desc’o’ntdimig o’ltt’t onsato ographiv tif no momiii

fo’mnpo’naturo’ (Ttublo’ 1 ). Thuo’ lootlowimig so ml-

vo’mots uvero’ uso’d (flit’ figurt’s mu ptoro’nuthio’so’s

mmidli(’ato’ (lit’ timsut’ ro’tiuiro’c! by (Ito’ soolvo’mt( too

msstivt’ about 50 ciii) : soolvo’tu( I , isoobufvnic’

acid-N’H4OH--�va(o’r, 66 : 1 : :�3 (16 hun) ; so ml-

vemit 2, bu(mimioil-muo’o’tic ao’ic!-wmu(t’n, 50:2�:25

(1$ hun) ; soolvo’muf 3, 2-promptunitot-XH OH-

wmu(er, 70: 10:20 (22 hr) ; stolvemif- 4, smifu-

ra(o’d (N’II)2S04 solu(ioon-wtofer-2-�om’oopmomuomt

70,) : 19 : 2 (12 hun) ; soolvt’uuf 5, hu(tuuuool-ao’t’tic

mO(’ic!-wato’n, 20:3:7 (4 Isr, iS-cusi numu). Umo-

lahclo’d autiso’mitit’ c’oonspooutuds (20 Ml oil to

10 i-inn soolutioomi) wont’ uso’d as ini(’nmitt!

nimurko’rs for clo’t o‘ct it out umtc!o’r ult ravio oto’f I ighf.

Tho’ I)mul)t’r strips went’ cut imttoo 1-emit so’c(io ins

mit-id o’oouui(o’d mis clesc’ribed (5) by first scaninuimig

iron 14(’ c’toutfo’mtf loon 1 mi-mi o’tit’hi mutt! fliemo no’-

c’oumiting (Ito’ ltOl)o’te(!so’ctioomos too oobtmoimi to

:is-iimuiii-iuns oil 10,00() o’oiumi(s so’ct it on-i.

limb ibilion of puriioe biOSfJflhIoeSiS (l(’ 100)10).

Ti-it’ msit�( Ito 0(1 c!o’scnil it’d by Ho’ncli’nso on ( 19)

w.t_us muc!op(o’c! with muuimioon’ iiioiclifit’mu(itomis.

\Ioomioolmuvo’ns oil S-iSO co’lls in T-15 flmusks, �n’�’-

iiaro’c! mis cit ‘sc’ribo’d (5) , uvt’ro’ first imio’ul )mif o’cI
with 12 �.�o:\mmozmtso’nimio’ mimic! van’io’d o’oomo(’entrmo-

(joints oml (lit’ mtut’lo’o msic!o’ mumumulooguo’ ft or 30 nusimi

at 36#{176}.Ai(o’r (iso’ muc!cli(ioouu oil 40 j.ol oof 100 mini

gluttomioimue mimic! 50 � oil SO mum �2-#{176}4C�g1yo’imio’

( 0.3 �Ci, .imsiooto’), (hut’ imtc’ul)mu(iommis wo’ro’ o’oomi-

(iniuo’c! loin 60 iiuimt. ‘Flit’ msuo’diumsi was iooouno’cl

tout , (lit’ flask uvmus sot t)1i itt’, timid flit’ co’Il

lavo’r wm�us rimoso’cl fu�io’o’ wifhu 2 i-is! 0)1 ice-co old,

glutmuisimio’-lro’o’iuio’c!iumus.�hioiuomts (SO � oof

tho’ nio’c!jumii tomi(l ivmisho �vo’ro’ o’ooumi(o’d loom’ 14(1�

‘Thc’ o’o’ll lmivo’r was tluo’mi o’x(rtic(o’cl with 2 mu!

(II 100 ‘-(‘0 ole! #{149})�; ( nio’hlt onac’o’f it’ mio’icl , t Ito’ m’o

mustuimoimog co’lls wo’ro’ clissomtvo’c! in 0.2 N NmiOH,

mit-id booth wont’ coumifo’cl for 04(1 mis clo’st’nibo’c!
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N#{176}-(�2-msoPENTENYm�)A�mP, A N INHI BtTO1O OF PUIOt NE META tIOLtSM

(3). Omit’ ssiilhili(er oil (ho’ tnichloonmucetic’ muc’idl

exfra(’t \VmiS placed tin-i a 1 X 3 cmii co)lummu oof

Doowo’x 1-IX-lO (ionussmu(e, 400 ismsh). Tho’

coluninu was washed wit-h �3O nsl t)l 0.s ‘sI

icormic acid , and (ho’ lorrnytgtycimuamido’

nibonucleo(ide was fho’mu elutc’d with 25 nil oil

4 �i fO)flfliC acid. The o’luato’ was evapoortuto’d

(0 dryness umudo’r vacuuni, rc’dissoolvo’d iu 1 isil

oil water, amid couuuto’d icon �

Te.sliroq Jo-i’ �i’ouv1h inhibition . �\1c)tuo)lmi\-o’r

cultures of 5-180 cells were uso’d for thes’

studies as describt’d previously (4).

Determ iii alimo of’ a(teuo me a ucleol i(le poots.

5-150 cells wo’re grown for 9-13 days in

Eagle’s niediunu (20) suppleisteitfed with
1 j.ti\I ame(hop(erin, 30 ,a�[ t-hynsidimue, 100 j.tin

glycni(’, and 100 j.tin [S-’4C]adenuimie or

hypoxaiithune (1 .0 j.mCi/j�nsolo’). Advant age

was fakenu 0)1 (he fact that undo’r (hc’se condi-

tiomus the symuthesis of punimuo’ niucleotides de

1001,0 15 completely blocked amid the cells art’

totally depenudenut- on am-i extraco’lIular source

of purino’s (21, 22). Adenino’ nucleotides,

totally dc’rivcd from (ho’ exf-racellular purines

amid solublo’ iii ice-cold 3 % tnichloirace(ic

acid, ivert’ analyzed amid estimato’d as

natuomoles per milligram of proteimi by paper

chrtomatography, using solvent 1 , as de-

scnibed (3). Solvent 1 failed to separate

ATP from GTP and GDP. Whenu rechtro-

niatographed usinug solvent 4, (his spot was

foumud to coiutaiti 6-7 % of GTP amid GDP;

no attempt was nuade to resolve the latter

two anty further. lit these cells 1 nug of pro-

tein corresponds to 7.6 nig of cell wafer

(23) ; f-his permitted the results to he cx-

pressed as millimolar concen(natioit in-i co’ll

water.

Celtutar metabolism of �\ �_ (z�2-isopeuo leui yl) -

adeiiosine. This study was penloormed using

niomiolayens of 5-180 cells aiid [S-m4C]IPAdci

as described previously (3).

Effect of .,\� om_(�2 isopen ten yl) adenosine 011

cettutar metabotisni of pi’eforined pui’ines.

Momucolayers cii 5-180 c’o’lls in T-13 flasks (3)

were first incubated Ion 60 mint in the pres-

em-ice or ahso’ntce of IPAdo. [S-’4C]Adenuiuic

(30 jnn, 30 MCi/�.onidole) on [S�m4C]hypoxanthine

(100 jnm, 10 �tCi/�onioto’) was then added, amid

(he incubationus were coon(imiued loon 0.5-4 hr.

At the end ol ti-ic iiicuba(-ioiis (ho’ (nichlor-

acetic acid-solublo’ ijooools went’ aiualvzed mis

abovo’.

Eno;. 1. Effect of .V6-(..-i.sopeiotc�oyl)adenosine

( #{149})(010(1 6-inelh !I11h iOinOSi110’ (0 ) on fooinatio,o of

f 0T110 ylqlyciooaon i(le ribo,, 010’leo)t ide froiio 2_’#{176}C�qli�-

ciioe in 5-180 cells

For experiouieoital details, see M.�TE0tt.-iLS ANti

ii ET1-nODS . Foorniviglyciom amnide ribonucleotide tic -

clutnuolation it-i the inhibitor-free c000tr(ol , carrie(l

ill duplicate, was 2800 ± 100 cpm/0.8 muig oof Ior�-

teit-i.
This investigaticoti was supported ito part- by

Research Grant CAO-4175 from the Ntotiootoal

Cancer Itustit-ute.

RESULTS

limb ibition of pui’iioe biosynl/oesis (IC noon.

Tho’ forniatiomu tol lahc’lo’cl ioornivlglvciutmunsic!e

nihonucleofido’ front [2_m4C�glycmnuo� (imi 60

miii) was niark(’dly insiuihi(o’d jut 5-180 tells

which had het’ni imicubmuted loin 30 nuimi with

IPAdo in serunu-free Eagle’s mo’dium (20).

i\Iaxinial imuhihifioni (aboout SO %) was oli-

servo’d whemi flue IPAdo concentrmufjooni wmus

100 um tin ovo’n (Fig. 1). Tho’ imihu�1o�(oory

potc’nicy of G-tsit’(Iuylfhioinosime imo S-1$O co’tls

was co oinparahlc’ ( 0) (hat oobserved previt ously

in Ho’p-2 cells (24) , atud this coml)oundl woos

ahoou( 100 (inues more potent- (hiaiu IPAc!o

(Fig. 1). N’eithen (lit’ cellular uptake oil

glycimue itor its iiicorpo)nmition motto muo’ic!-

insoolublo’ mato’nial was ouffecto’d by IPAdo.

Lack of’ efJ’ecl of j)reJoI’lloe(i /)U1i110’S 011-

(jiOWIIO inhibition by IPAdo. 5-180 cells �vt’re

(c’s(o’d loon gnoiwth inhihition by IPAclo min-i two

type.s oil iuedimu (1”ig. 2). mu fo)lic acid muuo’diumn

(he co’llular iunimut’s amid (ho’ir nuclo’omtido’s tint’

syii(hio’sized (le 10010. lit anso’(Iicoptc’niiu msuo’diumuu

( nit’diuiui siipjitt’msit’iifo’d with 1 j.ou

anuo’thuopto’rimt, 30 p�m (hynsidino’, 100 �.oum

glycimuo’, atud 100 j.oui iiro’ioonnied ioumnimoe) flit’

gro)wilu cml co’lls is (ootalt�- do’peuuclo’mot tim-i (lit’

pro’iconmnc’d punimie in-i (Ito’ muiediuusu (21 , 22).
I’igur(’ 2 slitows how (Iso’ so’nsitivi(y oof (lit’

co’lls (to IPA!oo donnimug 6 c!toys c)i groiw(hu �
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Foot. 2. Loch of protection of 5-180 cells by preformed puriioes ayaoio-st tjrowtln inhibition exerteol by .V#{176}�
(�2, .SO/)(I0 ttIl!/l) ot(len OSi

The tells were growot as monooltoyers itt folic acid mediimnu (20)(#{149}) total ito a meditonu containing 1 .-iui

atolel hopt-erin to block liuriole lioioosynthesis (le 1001,0 (21, 22), supplentetited with 30 .oit thvnnidioie, 100
�uu glvo’iooe, and 100 .oii �)urit1e (V aden-iitie; U, hypoxanthioie; A, adetoosiooe). Growth was continued

for 6 dttvs, the meditom was ciiat-iged twice, and the ao-t-ioiit-it- of cells wa.s estimated by protein assay (18).

umimofio’t’fo’d liv (lit’ avmuilm-uhili(v oil prt’lormuued

purn-it’s, sugges(imug (limit iuihibitioomo oil (ho’

hiioosvmotho’sis oil puninio’ miucto’ooticlo’s ole ioot’o,

(�I)so’rvo’d mul)oivt’, msitiy mioot he ro’sjiouisihle for

unhiiloifiton0-ofgromiv(h.

As imo momiso’(luoopfo’nimu iiso’c!iuni, utto iortoto’cticomi

of 5-180 o’o’lls tugmuimus( I PA!oo wmus muffoonded ii

Fmuglo “5 nso’d!iuusi (nut m mint ‘t Ito oj)fo’nin) wmis sup-

l)lo’nso ‘rito’tl uvitht Iuvpo oxmumi(luimio’ ton ado’uuino’.
Ho m\vo’ver, iiuc’n’t’musiug t hut’ o’oomoct’mu(ra(ioon 0)1

mudo’moomsimio’ affo ordo’c! so 011i(’ P�’#{176}Of t’ct jolts . ‘iTi-ius,

in-i fl-it’ pre�o’rc’�’ oil 300 /.�LM mut!o’mooosim-io’ , mu 10-

ioolc! htigho’n co)ni(’o’mt(rmutiommo oil I l�\cloo � no’-

( iuiro’d icon unhuihjt �olti . This o hso’rvatiomu is
(‘tomisisft’li(- uvithi too-in o’murlio’r fimiclimig (hat-

lPAoho is mut’t oisipo’(i(ivt’ imohuihifo or oil ado’iuosine

uptako’ (K1 , 1 .4 jnm) (5) tis u�o,ll as of adeiuo-

sin-it’ phuoospluoorylmutioon (K, , 15 jut) (4).

J�JTo�(.( oi/ I1�4do o)io- ailcu, Inc a ucleoli(le j)OO1S
of’ o”o’-IS() cells. ‘iTmiblo’ 2 lists flit’ pt’r(’t’mi(agt’

c(iliil)t msif join-i oil (lit’ mic!t’miitit’ mtuclo’o of ido’ iiools

O)i 5-180 co’lls mit-ic! tulsom imudictift’s the

nsillimiio itt-in’ coouio’o’mitrmut ioomi ito o’o’ll uva(o’n 0)1

t’tO(’hi miumo’lo‘ooficlo’ c!o’nivo ‘c! froiss [‘4(1lmuolemuimuo’.

‘Fhso’so’ vmoluo’s mono’ mo gootoci oogro’o’iiso’mut \vitlu

vmotuo’s tmhttuimto’c! liv cliffo’ro’nt nio’thoods amid

n’o’looorfe(! ioon’ nuouso’ (umutor o’o’lts (25-27).

�fl iiio’fhucd uso’c! iit’n’t’ loon munumilyzinug (Ito’

l)000il5 hotis hoot bo’o’mi 1)m’O’ViOiuistY ro’poom’to’d. Al-
though ATP w.mis flit’ mismujoor c’oinupcouio’mut

‘1�’AtoLt-: 2

Jo/caine i,,icleotide pools ii,- S-180 cells

5-180 cells were nuaiootaioed for 9-13 days itt

antethoopterin outedium (see M.-�TEOiI.-�LS AND METS-

ODS) supplemetoted with [8-’4C] adenioie; the coold

t-richloracetic acid-soluble pool was analyzed by
��aper chromatography losing solvent- 1. The data

were derived front nitie itodepeotdeoit experiments,

except for adetoitie tot-id A�’-i1P, which are ba.sed oti

eight experioitt’tots. Tue cells were quaoititated by

prooteioi t-tsstiy. Ito these cells 1 tug oof prooteioo

coorrespotitis too 7.6 oitg oof cell water (23).

I8-’4C1� Percent- Concentration in cell water
Adenine age of

metai)ohte to)tal Mean ± SE Range

001.01 mIt

3.3-5.0
0. 19-0 .58

0-0.13

0-0.19

0� As described jo-i the text, the ATP spot, wheti

rechrooottatoographed usiog solvent 4, was fotond too

cototaito � (;TP + Gl)P.

($9 0;; ), ±V\IP t’oomts(i(ufo’d less (hamu 1 � oil the

toital ; it-i hall (lit’ oases anmulyzt’d, moo AMP
\\.tus do’(o’c(o’d. If is O)i imtfo’resf (hat [S-14Cj-

adt’muimio’ \vtus lt)limid mit 130 � in-i cell wmu(o’n

w�iieti tlut’ o’xtrtic’o’llular coomuct’iutrmutjooui oil (he
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300

F0G. 3. Cellular conversion of .Y#{176}�(�‘-i.sopen1enyl)adeooosine to IPA lIP
A. 5-180 cells were incubated with [8-’#{176}CJIPAdo (180,000 (‘pflt/flil) for 15 niin-2 hr atod atotulyzeol tos

described under oATEtom.�o,s .�NI) METHO)I)S. 0, 3M�1 IPAdo; LI, lOpS; �, :30j.is. B. Cootocetotratioto of

5’-IPAi\IP io-i S-180 cell water after iticubatioti for 60 mm at- the indicmotecl ctooicetotrati()ts of 8�#{176}#{176}Cl

IPAdo.

precursor ado’mojmut’ was 100 � Thjs findinig

supports the view (hat punine baso’s are

(akemu up by nsammaliamu cells by lacilifated

diffusiomu (2$).

When S-iSO cells, growni for at least- 7 days

il-i a-niethoptenin mediuusi (set’ MATERIALS

ANt) METHODs) containinig 100 jni [S-’4C]-

hypoxanthine, � inucubato’d for 1 hr mu (he

same medium supplemented with 100 jni

IPAdo, the ATP pool was reduced by 30 %.

Under similar conditiomus, but using [S���C]�

adc’nine itt place of hypoxanthimue, iuucubatiomi

for 5 hr with 100 �on IPAdo resulted in a 46 %

reduction iii ATP pool.

:%i-6_ (z�2-Isopentenyl)A MP accumulation in

8-180 cetts. Tho’ idemutity oil 3’-IPAMP

formed mu 5-180 cells froom X#{176}-(�2-

isopc’ntenyl)ado’uuoosint’ was established pre-

viously (3). The intracellular levo’l oil

IPAMP reached a plateau alter about 60

mimi when incubated with 3-30 ,.� [s-4C]-

IPAdo (Fig. 3A) . The millirnolar conco’mutra-

tioit of IPA\IP in cell wato’r at 60 nuiit was

related to (he o’xtracellular IPAdo conct’mu(ra-

tion (Fig. 3B) . At about 300 � IPAdoi h-i

the medium (-hut’ cellular IPAMP apprtoached

a plateau level of 3 imi im cell wafer. At 60

mm, depemiding omu the extnacehlular ccnico’it-

(ratiomt of [S-’4C}IPAdo, 61-79 % oil (he (total

tnichlonace(ic acid-soluble nadiooactivity was

il-i (lit’ ioormsi oil Il�A:\1l�. mu coomtfrmis(, flit’ tint-

altero’d iuuclecosido’ was fouisd at bow to’vo’ls,

150 amid 330 � itt cell wa(o’r, ivhsemu (ho’

o’xtracellular lo’vt’ls wc’rt’ 100 mimic! 300 �

resp(’ctively. When these results are o’ooni-

paro’d w-ith the datmi imu Fig. 2, oiuo’ omit-i o’sti-

mate that at 30 % grtowth-inhibitony o’tomiceuu-

(rations 0)1 IPAdoo mu (lie nio’diurn, the

imutraco’llular IPAMP was 600-900 �nm, timid

under 100 % inhibitory o’onuditioomus it was

about 2 nnm.

EfJ’ect of IPA(l() 01) cellutar ,,oelabotisi,o of

I8-’4C]adenine and loypoxantloine. Sinico’ it was

o’stahhished that a plateau level of imo(ra-

cc’llular I1�AM1� was reached it-i GO iuiimi (see

above) , (his finie period was choosemi ior flue

lo’mugth of prc’linsiuuany iitcuhatiooni oil co’lls

with IPAdo. Tho’ labeled punitto’ �

was added oouilv (huero’after. Both 1()0 miuud

300 �n IPAdco (coorrespondimug to 2 minid 2.6

uis:\m inufracellular IPA?uIP) imthibi(o’d (ho’

forniatiomi oil ATP Ircomsu 30 jni [S-’4C]muo!o’muinuc

hY0� 53 and 64 � , rt’s�)o’c(jve1y (I”ig. 42k) . At

(he sanio’ tinse [S-’4C)A?sIP, which woos ums-

detectable iii flue coiifntols, was fo)umid muf 53

�nm in o’etl wafer alto’r 4 hr iii imucubmtfio mmuwith

300 �m IPAdoo (Fig. 4B). Iii a similar study

the conivensjonu oil 100 j.o�m hypooxmumi(htimio’ to

ATP was inulsibi(o’d by 51 amid 65 � tot 11)0

and 300 ;.o:\i IPAdo, ro’spo’ctively.
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FIG. 4. EJjeo’t of .\#{176}-(.�u2-i.sope�oteiom,l)aolenosine on cellular metabolism of aole,oine

)�-1toooltovers of 8-180 (‘ells were io-icubated for 60 mm at 36#{176}with 100 and 300 j.o\I IPAdo (see M.-OTEOtALS

iNto MoT110)DS). This medium was then suppleniented with 3OpM [8-’�CJadenine (30 �-iCi/j.imnole), and the
ioicuoiiatitoto was cooot-inuetl for 0.5-4 hr. Control, no IPAdo: the nsaterial soluble in cold trichioracetic

mt(’i(l was analyzed by i�toper chromatography using solvent 1. A. l)ata for ATP. As explained in the text,
the .-�TP sloot- contained 7( � of GTP + (�I)P mt-s revealed by rechroonatography with stolveott 4. B. Dat-a

for AMP.

(‘/oaiou’leiization 0)1 symillielic 5’-I1’..�-t liP.

Thso’ svmi(iio’tic IPA\1 P nsoovo’d a-s a- single

lotuuool tim-i \Vhatisiaui N’oo. i�ui�ui pmuper im soil-

vo’u-it- sys(-t’i-ns 1, 3, munich 5, mum-id (ho’ tno)vo’unent

diffo’ne! Irconu tiumot oil IPAdoo. RF values for

I t�A:-�,I P amid IPAdO) wo’rt’, ro’spo’ctivo’ly, 0.8

timid 0.93 hi somlvo’mot I , 0.5 mind 0.9 in-i solvent

3, tumid 0.3 tumid! 0.8 in-i soolvo’muf 5. Thit’ ultra-

viomlo’t mihsoorptioimu spt’ctna mit pH 7.0 and (ho’

.��1.29O: A � rmutioos (0.29) loon fl-it’ miuclo’oitide

tunic! � PAdo u�t’ro’ iclo’mt(ic’al. Tho’ prooduc’(- oh-

fmiiult’(l comu (no’a(muo’mif oil IPA.�\lP with 5’-

mtoiclo’ of idase w.tis clint onsat 0 ogrmiphically in-

d!iS( imuguishablo’ fro mmii I PAo. N’oo inoorgamuic

1)100 mspl imuf o’ \\�tis clot t’c’f 0‘c! who’mu t lit’ Pro’Para-
(juno (0.6 j.missoolo’) wmis munmtlvzo’d by flit’ msuo’t-hod

oil 1)rvo’r et a-i. (16). Ut-i tro’a(nsemi( with $M jog

0m1� suuako’ vo’noomsi 5’-uuuc’lo’oo(idmiso’ jut 62.5 no�i

rfniso,hloonjdd, iH �.9 (30 �sht, 35#{176}),0.4

joiisomlo’ tol II�AMl� gavo’ 0.3� ± 0.02 jonuoile ol

1)150 osplitit o’ (muvo’rmugo’ 0 if thro’o’ dt’t erusuina-
tjoomts ± s(mindard (!o’viaticomi). Out digo’s(ioimt

with hiooilung 5 N H2SO � loor 4 Fir, 0.2 onsitole of

1l�\.i\IP gmuvo’ 0.22 ± 0.03 jonsoolo’ oof I)htols-

l)htifo’ (muvo’rago’ oil tliro’o’ cleto’nsisiuimufiooius ::E
stamictmurc! c!o’viatiomn) . Titus (Ito’ plitospliate

group mo (ho’ o’ooiiipoommic! was looo’mito’d itt the

5’-ioomsifjomn am-id IPAdo: P� noutiom � mupproixi-
ii--ituto’ly 1 : 1 , proovinig (ho-it flit’ synthetic

i-oimif o’nimul w.t-us iuic!o ‘0 ‘c! t ho’ )‘-nso)uioopiuo isplitif(’

tof Il#{176}Ac!oo.

Coni palison of ccii e.nlracl iou j)rocedul’es.

Cell o’x(nacts prc’paro’d by hoomogemuization

( prooc(’dure A) were suitablo’ loon st-tidies con

adt’miino’ phosphonibosylt-ranslenase, hypo-

xant-hine phosphoonihoisyltransienase , arid

guanylate kimuaso’. Howevo’n, the study oil the

otho’r o’nzvnu(’s was hanupo’ro’d by (he pro’so’nco’

of phoisphataso’s arid/ton iuuclo’ootidaso’s in

these c’x(rac(s. 1�o’lo’aso’ of thc’so’ catabolic

emuzymo’s was avoido’d by l)nt’aking f-ho’ cells

by slow lno’ezing mum-id(hawing (prooco’duno’ B).

Thus o’xfract B (1 mug oil prooteimu per 0.4 ml)

hydroolyzt’d lo’ss (huamu 1 % oil 123 joum AMP or

I:��1l� who’mi imucubafo’d loin 60 nuts at 35#{176}im

50 i-sum potassiunu piuoosplua(o’, pH 7.4 ; this

was mu coonutnas( too o’xtrac( A, which umtdo’r

sunsilmir comiditicouss hvdroolyzo’d 30-40 %.

A (len Doe �I1 ospli oi’ibosylti’aii sferase (A MP:

pyi’oplo osplo ale pu osplo 01. ibosytli’an sfei’ase , EC

2.4.2.7). The euuzvmsuo’ assay was shssilar to

(hat described by Murray (29). The coat-

vem’sioomu oil 125 joum muc!o’niinie to Ai\IP by crudo’

extracts oil 5-180 cells (11-33 jog oil Prof (‘mi

po’r 0.4 iii!) was luno’an ion at lea-sf 10 mimi

amid do’pemudo’d on PRPP. Ovc’n 99 #{176}X�oil (total

radiooact ivity iii (he chrooma(oogn’ams was

missoocia(o’d with ado’mtimue amid .0&\IP po’aks. In

(-lie pno’so’mucc’ oil 125 /2:-it ado’uuine amid 12.3 jun

PRPP, 123 �ui IP;�\IP imohibited (lit’ react kmit

i)V ttI)0000t 50 #{176}7�but lumid uuoo o’ffect in-i (hit’ pro’s-

cuice oif 12.5 jun ado’nimuo’ timid 230 jun 1�R-l�l�.
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Fnt�;. 5. Double-reciprocal plots (30) for inhibition of ode,, i ioe phoNphoriho.�yltransferaNe, ol(/e000.si,oe

kinase, and .-IIIP kina.se by II�,-l 1II�

A. Atleooio-ie phosphorihosyltraosfertisc. The slompe is expressed iii relative totoits. The reactioo mitixtoore

(0.4 -iii) ctottaioied 125 pM 8-”Cjadeo-iine (8 �.oCi/j.omutole), 2.5 mum N-IgCl2 , 5-40 jut PRPP, 50 tiiM Tris-
chloride (pH 7.8), and cell extract equal tOo 21 pg of protein, tumal was itocoobated for 5 mimi at 35#{176}.For

details, see the text. #{149},o-ioo IPAMP; A, 62.5�u; �, 125 j.�um. K,,, for PItPP, 8j�ui; K,- for IPA�IP, 32 gum;

v_ax’, 16 municoles�mitu/nsg omf prooteiot.

B. Ade nosine kinase. The reaction outixtiore (0.4 ml) coontaineci 4 put 8-’#{176}CJadenositoe (50 j�Ci/j.ontoole),

0.25 fliM MgC12 , 100-800 JAM ATP, 50 nun pottossilinu ljhoslihate (pH 7.0), atod enzynie l)Iortitolly piorified

front 5-180 cells (4) equal too 2.6 jog oof l)rOteill. IPA1\IP-free satiuples were incubated for 5 miii, and IPAMP-

corotaio-iit-ig saniples, foor 10 tnin. For details, see the text. #{149},no IPAMP; #{149},0.5 mtnu. K,,, for ATP, 140
oM; K� for IPA1\-IP, 200 �u1; ,,, � , 33 tomooles/min/mg of pro)teioo.

C. AMP kinase of 5-180 cells. The reactiooto mixtiore (0.5 miii) cototained 40-400 �.oit 18-’#{176}C]AMP (2
j.oCi/j.oisiole), 2.5 aiim I\IgCl2 , 2.5 otium ATP, 50 mit potassitom phoisphate (pH 7.0), atd the same etuzynue

preparat-ioot as in B, etimoal to 2.6 jog (20 Ml) of pro)tein (enzyme was (lilttte(l 1 : 5 iii a solut iot oof 20 mM

cysteine, 50 fliM potassiumit phosphate, pH 7.0, antI 1 mg/ml oof albmomito). The mixture was ioocubated for

3 mm. For details, see the text. #{149},ooco IPAMP; �, 3.6 nut. K,,, for AMP, 0.4 mM; K for IPAMP, 3.5 muM;

Vmax , 14 .ouiuoles/ntiti/ntug of protein.

Thus I1�&\IP was (‘onssh)o’fitivo’ with PRl�P

(Fig. 5±�). The K,� loon PRPP was S jut, imi

goood agreeisiemut with (ho’ value oil 7-12 �.oum

repoort-t’d loon (lit’ o’mtzyisio’ mo Elurlich ascito’s

C(’lls (29). TIto’ K1 vmuluo’ loon It��)IP uvmus

32 jut, til)OU( 4 timiso’s (ho’ K1 loon A\IP (29).

Even a 3.5 mint coomict’uu(rafiouu oil (ho’ miucleo-

side (IPAdto) lailo’d (o� iuu(t’rfo’ro’ with the

fornsa(iou oil A)I P lnoimss 125 �oum ac!o’uijmto’ tumid

PRPP.

iJyJ)0.i’an I/o inc 7)/i 0SJ)/i oiibosyilian sferase

( I]! I� : pyropli OS[)/i ale 1)/I OSJ)/i 01 i!)OS//ill’all .5-

ferase, PlC 2..�.2.8). ‘flu’ muc�tivi(v oil huypoo-

xaui( limit’ Pitt ospho)nibo osvlt n’minisfo’rmuso’ imi cruclo’

o’xtnac(s oil 5-180 colts was simssilan (to fhmuf oml

ado’muimuo’ 1)1-it ospho ospho onii)o osylt ranosfo’rmiso’ whit ‘to

(o’St(’d umido’n ic!o’mif ic’al co undititomis ( 1 5 uimss(olo’s/

ung oil proo(o’imu roo’n musinuutc’). At 11-53 jog oil

hinoo(o’iui ho’n 0.4 iusl, (ho’ o’oomivo’nsioon of 125 jum
liypoxmimuthituo’ to L\IP � alsoo limuean loon 10
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li-limo Io�1ot! do’po’miclo’d tom-iP1� PP. I l�A�)�t P mit

(‘o25 j.oum, totoc! 0-it o’ffo’t’t , o ‘vo’mo uvloo’mo flit’ to on-

o’o’mofutot it 01-i 0 if I � l� I � I� t )t’ hi\l it oxmomothtimoo’ \\.mis

12.5 jut, mimic! tuf 2.5 mum-idS miium it imihsihifo’d (Ito’

no’moo’fiomn ootily by 10 mumioi 30 � , n’o’spo’o’(ivo’lv,

ito (hut’ preso’moo’o’ oml 125 ,uit Pl-�l�I� tim-ic! isy-

ioooxmomifhuimut’. It is oil imoto’n’o’st (limit flit’ fwo
futictitimimilty m’o’ltufo’c! o’mozviiio’s, ado’miimio’- tumid

hvpooxtomothimoo’- I � PP t rmimosio’raso’s, dilieno’cl

im’oo:iui O’ti(’ii om(lto’n’ imi (hat I � l� o’ooiispo’fo’d

��j(hu Pl(PP loom’ fl-it’ mudt’m-iiuoo’- lout motif loin (Ito’

hv�ooixmumithsimoo’-mno’(ahoolizimog o’mozvnso’.

.,,1(tell 0Sl1l� b in ase (A TJ� : aden o.sine 5’-

i)/Iosplootran.sJel’a-se, .EC 2.1.1 .20). 1P1\.doo i(�
soil umis sho�wmi (to ho’ musubstrato’ oil pmirtially

punifio’(I ti(!O’mitisimio’ kinimuso’ (K,,, , I I jum) mind
flints o’ommuspt’(itivo’lv inuhihifo’d flit’ l)lutls1)huton�l-

a(ioon dli modo’miomsimio’ (K,.,, , 0.5 ,u\m) with mu K,

of 13 jut (4). Usimig siiisiltunly l)unifio’dl o’ms-

z:00’-must’,flit’ pntoduo( oil flit’ no’tuo’tiomu,5’-

IPA\IP, was alsom bound too imihtihif muc!o’luoosimto’

plooosphorylatioomt (Fig. SB), but iii (his case
l�r t’oomispt’(ung with ATP. TI-it’ K loon TPAII\IP

(200 jum) �vtis stomno’whmit luiglio’r fiimuuo flit’ K5,

loon ATP (140 jut). Umsliko’ II�Ado, (ho’

mouclt’otidt’ mumialoogut’ did miom( o’oonipo’fo’ �vitiu

mud ‘mosmmue , simct’ 1001 imihuil ut it on uvmus o)bso’nvo’dl

at 1 tuoum I PAI\1 l�, 4 o.oit modo’noosimoo’, tim-ic! S iiuui

ATl�.

A �1fP kina-.se (A TP : �-l ,1IP PIlosPIlollans-

f erase, EC �,7 43) A:’�1I� kimoaso’ �s-mis mussaved

by a niodifio’d 1)noo’t’(!uro’ oil Noodmi (31 ), usimug

flue santo’ o’nzvmuse Ioro’Pmunmifiooui mis Ion

muc!emucosine kimuase. Umido’r (ho’so’ c’oindit-ioomts flue

counvo’rsioui oil 120 j.�oui [S-’4CJAI’sIP too ADP

w.mus Iimiear loin at least 3 mimi timid mco lornia-

tioni oil nadicoac’fivo’ ATP � d’to’cto’d. The

ro’muc’fitimi was do’po’m-ido’mi( tom-i ATP. 1l�&i\1P

o’ooiiipet-ec! with A�\l P (l”ig. SC) ; (Iso’ K0 amd

Km values went’ 3.5 mimi(! 0.4 mini, ro’spt’ct-ivelv.

1’oir crystallimit’ nal)bi( miuusc!e A1#{176}oEPkinase

flit’ K,,, atc! K,- values for AM 1#{176}tumid IPAMP

wont’ 0.7 out-id 6.1 mint, no’spec(ivo’ly. Boot-h Km

valut’s loon A#{176}sIP tint’ o’oonspanmib)lo’ with (ho’

valut’s ro’ponto’d loin f-I-it’ rmobhif usu.scle t’u-i-

zyi--iie (31, 32). \Vhilo’ 4.2 nut 1 PAI\IP mu the

Iom’o’sc’i-ice of 400 j.oum Ai\l I� unhuibito’cI 5-180
A:.’oI P-kintaso’ by 30 � , 4 moum IPAdoo htud ito

o’fio’o’t.

J.lII� (leIuj(l1’oqenase (J,1JP : \�A J)#{176}O)Xi(io-

,educlase, EC 1 .2.1 .14) . rFhit, assay comudi-

tioomis oil Aiudenso�ms mumod Smum’to�ro’lhi (33) wem’o’

ussiocliflo cl it’ f Ito ‘ � oro ‘so’mit �ourpoose . ‘flit ‘ omxid!a-

titomi t)i [$-‘4(’]LulP (to x:-iIt� was miuo’asuno’d

al(o’n chunoomnatoogm’mipluic so’pana(ioon ito so olvo’mut

4 (so’o’ �mATEIomAu0S ANt) METHODS). Simuco’

soilvo’mst 4 clot’s msoo( so’pmurmu(o’ Xi�u1P lroomui

imuosinie, (I-it’ ido’mitity oil (ho’ product wmis

o’xanssimied by loorfhto’r ohronusatogm’aphuy of (ho’

x:#{176}m,1I)spot in-i soilvo’mit 1. iNtl jnitisjne was

do’fo’c(o’d. Tho’ fooniuumu(iomi oil X�\1 P fronsi

I)�1I� do’po’modo’d toni XAD�, am-id (he no’action

was himuo’ar loin mit lo’ast 45 usuiri at 1-4 mug of

pntoto’imi po’r iisillilifo’n. At 0.1 nut I�\IP aiud
1.23 mum XAI)�, 1.3 tumid 6.3 num IPA..\IP

imuhibi(t’d X\IP fonniatjoimt by 40 mum-ic!78 %�

respectivo’lv. At 1.23 m�m IMP an-id 0.1 istum

NAD+, (-lit’ sanuo’ o’oom-icentratiomts of II�&i\1P

again imulujhj(o’d (-ho’ ro’mictioomu by 25 amid 78 %�

nespectivo’ly Thus (ho’ muucleo(ido’ munialoguo’

seenso’cl too coonspo’(o’ foot tinily with Ii\IP but

with XAI)+ mis wo’ll. Tho’ cdompeh(id)mt was-

unvo’stiga(ed O)tilV with respect to I)sIP (Fig.

GA). Tue K1 value ion IPA�\1P was 200 jut,

amid (Ito’ Km Ion P�1i� was 13 jum, sintilar to’

(Ito’ coimusfatuts Ion (lit’ o’muzyiuue im Ehnlich.

ascito’s (17) atud 5-180 coils (33). The coinco’mi-

tratiomi oil NAD+ (1.25 mum) used iou the

latto’n o’xpo’nnnemuts is knoiwmi too imiltibit the

ro’acfioin by mtboou( 30 % (33) lout wmis chosen

(01 o’hiuninato’ flue effo’ct of possible conupe(i-

tiolmu he(weo’mi IPA’sIP amid XAD�. IPAdo at

4.3 niu itiltibit-ed (lit’ oixidationu oil 0.1 mini

P0I1� only abtiut 10% at- 1.25 num XAD�.
Aden yiosuLcci-nate syniloetase [fliP :

aspai’late ligase (GI)P), EC 6.3.4.4]. Extracts

of fno’shlv harvo’sto’d S-iSO cells could muot ho’

used ho’causo’ 0)1 thuo’ presemico’ of adenylosuc-

cjmuaso’, wlsilo’ o’xtnao’ts 0)1 co’lls stoined at- - 70#{176}

ion nsooro’ titan 1 vo’ar wo’no’ o’sso’m(imillv fret’ of

(his imito’rlero’nco’. Simsiilar sc’lo’ctive ado’mivlo-

succmase imoactivatiomi with (ho’ age of the

pnc’panatiomi has ho’o’tu nc’ponfo’d t’ounlic’r (34).

The svmi(huetaso’ was assavo’d by a iusodified

pro)co’duno 0)1 Lio’bo’niiaii (35). The o’nizynie
activity was gno’a(ly affecto’d by tluo’ type of

i)uffen (30 tini, pH 7.4) amid djmtuinjslued in

the tInder HEPES-XaOH > glycimuo’-NaOH

> Tris-cluloinidc’ > poitassiunu 1)1-it osphate.

HEP1t�S�Xmi()H wmis chosen loin both flue cc’ll

ex(nactioln amid flit’ onzvmo’ assay. Tito’ cell

extntict w.tus jimuntimul1�’ punifio’d by stro’j)fooisuy-

cmi pro’cipi( tifit omi (Tablo’ 1 ) , amid stnept oniy-

ciii sulimuto’ (150 jut) was alsoo adolo’d too flue-
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Ftct. Ot. l)ooiblc-reciprocoil plots for in/i i bitio,, of 1.111’ (/0/0 yilroyenoose a to! alc�o !,lo.s iccinati- .‘O!/Pi t/oct�st b!/

JI��1 lIP

.�‘ . 1:\I P (leiOyd o’ogo’oast’ . Slooix�s tore o’xl)ro’ss(’d i to rclto oLV(’ 0 0 0 i 1s . ‘Floe retto’ t ii it o n-ti xi ot ro’ (0.4 ti-il ) to t o -

t-aitued 12-10() ILM [8-’’C}I�\lP (2.5 j.o(i/�.otitolt’), 1.25 aiim NA1)�, 63 aiim poottissitotit 1oh051)lotote (iii! 7.4), totod

cell exto’act equal t to 0.4 tug omf pi’ooteito , titoo.l � ino’oibateol fomr 15 ioito . For olet ails, see the t ext . #{149}, too

IPANIP; A, 0.55 t-i-iM ; U, 1 .4 iuoui; K,,, for IMP, i;� � ; K1 foor I PAMP, 0.22 noum ; V,,,� , 0.36 tomoilo’/tniio/mng

of protein.

B. A.olenyloostoct’itate svntho’tasc. ‘Flu’ tcttt’tioon tnixtuorc (0.4 toil) oootot-toiooo’ol 23-4(X) �um (8-#{176}’(’]E#{176}olP

(2.5 �o(’i/1�oiuomle) , 1 tuut m�-tisptort tote, 125 �um ( TP, 150 �um st ro’ptoonyo’ioo soolfato’, 5 taut Mg( 1� , So totut

HEPES-NaOIl (ph 7.4) , totod 100 pg oof etozvtne l)rtoteit , total sstts iooo’ooloat o’d foor 20 nun . 1”or old toils, see

the text. #{149},moo Il’A�lP; #{149},1 nut; 0, 2 aiim; A, 3 taut; K,,, foor l.’ulP, 0.1 maim; K, foor IPA.1\IP, 3.0 mit; 1,X
5.6 nnioles/tuin/otg oif protcito.

assay itsixturo’ loon sttuhjtizmot it iii to! flit’ emozvnoo’

(36).

Tiot’ co muovo’rsio mm-ioof [$_04(� � I \ I I � too suo’o’imivt-

:�)oFI� � miuo’asuro’cl tulter chorooniafoogrmipliic

so’pmina(iomm in-i soolvo’ut( 1 (�fmololo’ 1 ) . Simoo’o’

svmutluo’tic sut’cimtvl-A�\l P wtos roof miVmuiltil)lt’ mis

a marker, (Iso’ ro’muc(ioomo pntocluoo’f � iclo’mitifio’oi

using onmulabo’h’cl1\IP mimic! [U-’4CIL-musjomortmife

i-is subsfrtifo’s. W’i(h ro’spo’cf too (hit’ t’hurm-

msimito ogm’tophoit’ nit ovo’moio’mif , flit’ pm’t ioluo’t oil I his

u’o’mut’tiommowmos iolt’titio’tol �viflt (Ito’ proitluit’t odo-

(mum-it’d fro miii [8- 14( ‘Jt �\ I I �, mit-ic! it S fo mm’mnmotioomo

\vtis clo’po’mdo’uot tom-i L-tosj)tir(tito’ tim-it! ( �fl#{176}
L-gluttiflimuto’ (liii motif substifufo’ loot’ L-

tisptit’ttifo’.

1I�;\:i’ul1� inliuloifo’tI flit’ loim’miuitiommo oil

suo’t’imovt-��\ I P ito to mooomio’ommsop(’tit ivo’ iuimititoo’r

-ivifh-i n’o’spo’o’f foo Ii\l l� ( !‘ig. (il�). ‘flit’ uuhilii-
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(iou-i pnooduo’o’d by I .1 mimic! 2.2 nut IPA\IP at-

200 �ui Ii\l P wmus mulsto motof oovo’rcoomsso’ l)v mu-

cm’o’misiutg (iso’ o’oomio’o’mifrmifiomi oil o’itho’r (�TP or

musptunfmi(o’ 10-fold. l’hio’ K�, loon 1i\IP was

91 jut, 3 (inst’s (limit- rol000rfo’(! loin (lit’ o’muzvme

in-i Ehnlicli aso’i(o’s tolls (17), timid (ho’ K1 loon

1l�Ai:’sll� was 3.0 miii’. Ami L\IP analooguo’, 6

(hiioo-Ii\l P, was mulsoo foot-in-ic! too inhji)i( (Isis en-

zyi-ose iii Fhin’lichu moscifo’s o’o’lts in a nicaic’oniu-

joo’titivo’ mnauimio’r -ivithu m’o’spo’(’t (to I\IP (34).
r#{231}j��,nuclo’oosido’, IPAc!om, mit 4 mini humid u-ito
o’ffo’c( ton (Ito’ o’oomivo’m’sioon oil 2()0 jut I)�I P too

suco’inyl-A\l I�.

_,.tdenyto.s’uecina.s’e (ailenylosuccinale : A �iI1’

iyase, EC 4.3.2.2). A moodifio’d msso’(hood oil

(‘torto’r mino! Coohiemo (37) � uso’d loin the

emozynie mtssay. Siuico’ suo’o’iuovl-A\I P was mooit

mivmuilablo’ loin use as flit’ subs(rmifo’, (lie nt’vo’nse

no’mucticon, i.o’., flit’ t’oonovo’rsioomu oil [$-‘4C1A\IP

amid lumarato’ too sut’oitiyl-AMP, w-a-s o’x-

mimisiuoc’d . Ims l)otmissiull) pItt ospitato’ huffo’n , pH

7.4, at 123 jut AMP muod 1 nun funtanate,

oomoly tract’s oil su(’cimiyl-AMP ivo’no’ foormed imi

60 mssin, o’vo’n in-i (ho’ 1)no’so’mo’o’ omi largo’ aisiooumits

oil o’nzynut’ (2 musg oof proifo’imu p�’n 0.4 miii). rihuis

muppo’art’d (0) no’flo’ot (lit’ o’oluiliI)niulit oil (ho’

modemuylosuco’imoaso’ no’tuc(ioni, which lit’s fan (o�

�-iturd the ftornia(iomi oil ±�‘s1P (37). \Vht’m (ho’

co)nc(’ntratioimt oil lumsiarato’ wmus imscro’aso’d to

25 mint, thst’ lcornsa-(iooii oil suct’imiyl-A)oIP in-i (-lie

lro’so’mict’ 0)1 400 jig of pnooto’iut p�’n 0.4 itt! was

Iimio’ar Ion mit lo’ast 10 msiimi. Umido’n tluo’se comu-

ditionus 3.2 amid 6.4 mum I PAul P imihuihited the

fonmssatiooui of succimi�’t-A\l P by 23 amid 34 9�,

n(’spectiv(’ly.

Ti-P/l0Sj)/l oribosyt pyi’ooph o.s;)Ioa-le syn Iloetase

(�4 TI� : 1)- c/bose 5-p/i 05/)!! n/ia nsfei’ase , EC

2.1.1.15). Tiuo’ o’nzvisso’ was tossavt’d mis de-

scnibt’cl l)V \�\/o)n1g am-ic! Murrmov (3$). The

0’Oomuversjomo 0)1 1 nsui [( - 04(1 Inil it iso’ �-I)1icospha(e

(0.125 joCi/�Issollo’) too PHl�P by (Ito’ 5-180 cell

o’xtnact (200 jog oil prooto’ino loo’r 0.4 iii]) was

clo’pt’mu!t’mut tom-i ATP (2.3 mini) mind was linear

loon mit lo’mos( 30 1�i��i�1t wloo’mo c’murm’i(’d mo 63 nni

lootassitust pluo)spliaft’, pH 7.4, in-i flit’ pres-
o’noce oil 5 nnn i\lgCl2 tunic! 12.5 muium gluta-

thtioimit’. In (Ito’ preso’moo’e oil [S-#{176}4(1lmuclo’miimto’at-id

unlabo’lo’d m’ibomse 5-phtosjohomuto’ lmobo’lo’d A\11�

wmiS fconnso’d, �)no)vidimtg moo!ditiomniat o’vido’uuce

that PH 1�1� had imid!o’o’c! bo’o’m svmu(iuo’sizo’d.

Pl(PP synitho’fmuso’ muo’tivify ito S-iSO c’o’ll cx-

tnmic(s \\��-i5 2.4 niunoolo’s-uuimo/nig oil irtito’imt.

‘Tlio’ioon’unto(ioomooil Pl(PP � jmohuihojto’cl by 14,

39, mum-ic!(i;5� mit 1, 2.5, mimic! S rum 1P\.\IP,

ro’speo’fivo’tv � duplicmi(o’s vtunio’cl lo’ss than

± 10 #{182}�.

Guan!jiale hii,a-se (A TI� : (fliP /)hos/)Ioo-

loans,ferase, J�Xi’ 2.1.4.8). This enizymsie was

assmuvo’cl by mumuioodifio’d isso’fhuod oil Miech ci al.

(:M)) . A o’to’mur chnonstutograpiuic so’pa-natio)n of

flu’ prooduo’fs, GI)P at-ic! (ITP, front (ho’ sub-

stnti(o’, (\l I�, was muo’luio’vo’c! I�’ usimug soolvent-

2. ‘Flue ioIsoosihor�lmi(itom of (L\IP us-as de-

po’nio!o’m-i( t)1 ATP. Iii 63 until pootassium

1)h0051)lttuft’, pH 7.4, comnitmiimuimig 5 misti \IgCl2
2.5 mum ATP, 125 j.oui (�.‘u1P(2 j.oCi-’jonuoole),

timid 21 jog oil I)nott’imi l)��n 0.4 ussl, (ho’ nemiction

was limuo’ar loin at lo’ast 20 nsim. Tho’ UMP

kimimuso’ tictivifv of (Ito’ o’xtnao’t wmus 26 uumuuooles/

tug oil pnoo(o’imt jo’r m-i-iimuutt’. Unido’n (heso’ comu-

c!ititomis ‘S mini II�&i\1 P did root sjgnifioi’mumitly

in ohuihif- (ho’ ro’actioiuo . Lo oweninug f he cooncen-

(ratitimu oil ATP (ci 123 jut prooduced appno)Xl-

miumoto’lv 20 ‘7�.- imuhibi(iooio by 6.2 isium IPA\IP.

n)ISCUSSmON

Thuo’ PurP��se oil tho’ pro’so’nu( study wmus to

o’xpltone tito’ sift’ of a(’tioon no’spoonusiblo’ Ion the

o’vtoofooxicifv oil IPAdoo. So’vo’nmul pit’ct’s of cvi-

cto’mic’o’ imudio’a(ed (limit IPAMP, mind muot

I I �Ado, was nespoouusihie Ion (ho’ cytof-oxicity.

mi ituct , it had heeti shoiwmi o’munlien (Itt-if- drug-

imiduced no’sistance to IPAdoo ito 5-150 cells

was mussooo’ia(o’d with a loss of ademuosiuo’ kimase

(3) ; this led (ti a drastic reduc(-iomi im IPAMP

levo’ls in-i nc’sistatit cells. The present studies

do’isio oust rat 0’ that- at gnouv( lu-inhibitory cd)n-

co’mutna(ioonis oil IPAdo (20-100 jum), IPAMP

miccumisuta(o’d at- nuilliniolar lo’vels mu (ho’ cell

wmifer. At flit’ sm-into’ timo’ (ho’ inutnmuco’llular

IPAdoo o’ommuco’mttrmufitomu was equal (0) (lumit- out--

side. mu fact, IPAdo comprised tinily 2 % of

(hut’ co’llulmun amttinuo’(aholi(e itt semisitivo’ cells,

lmt 20 (7() mi ro’sis(atit ct’lls (3). Tlut’ dis-

appeanmuno’o’ oil I1�Ai\11�� was Iciumid too be

rapid in-i alt co’lls studied so Ian (t ---u = 37 ±

7 nsimi), hut (-lie 1)r(’akdowmu imitto imumictivo’ free

haso’ was nione nmupid in ct’Its numufunmully ne-

sisfamif too (ho’ mumitologut-’ (2) . This migmoini re-

suited iii loowo’r cellular lo’vo’ls oil IPAMP im

(Ito’ ro’sistmumo( cells. The pro’st’mtt study clo’iutomt-

stnafo’s (limit sevo’nal t’nzvusst’s invoolvo’d in (he

hiosymutho’sis oil punimit’ ttuclo’oofjdo’s iveno’ in-

do’ed imoiuihoi(o’d by IPA\1 P, hut muoof by

IPAdoi.

Sonso’ go’nio’nal inidicmufiooiu loon (Ito’ site of
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3 \� . I � 01st tOtS , motoloutolisheol oolosoi’rvtot iootos.

ATP y’
k� 4

PRPP Ade 2
k” � AMP -j-> ADP -� ATP

\ 8/ �ATP

\ SUCC-AMP I\
Hyp�!’ 7�i?� Ado

3�_’� 7’ GTP

IMP

/ATP XMP

ATP GMP�-�’ GDP -�-�GTP

Fmo;. 7. 1)c -unto a,oti .salvaqe pathways for synthesis of j)arzIic ii oiclcoti(les

The nunsubers itotlicate ti-ic reactions as listed ito Table 3, and the olotoble crooss bars, the reactitotos tooomst

likely affected by the IPAMP formed witluito the cells from IPAdo. lt-5-P, ribcose 5-phosphate; UAH,
glycinanuide riboinooclo’oot ide ; F(1A1t , formnylglyo’i toamiside ribonuclo’oit ide ; A I CA l� , 5-anti ioo-4-inuidazolo’-

carboxamnide riboromocletotide.

actiomu oil II�V\lP was givt’mi by (ho’ (oh)s(’rva-

( it-i (hat growth imuhibit iou was umuaffet’( ed

by iirefornuso’d junino’s provido’dI in-i (he

uisediuuus. This suggesto’d that a sift’ om(huen

thani onto’ (‘omtco’ntio’d with the o’arly stops oil

purimto’ biosymttluo’sis � imiv(olved. Yet , mis

rt’por(-o’d ho’ne, mu 50 % groowth-imuhihjttory commi-

cenutna(ioit of IPAdo o’auso’d about- 40 #{176})�-- inuiui-

hitioomu of the c’o’ltulan looniiia(ioomu oil loonnuvl-

glycimimurosido’ nibontuclo’oit ido’ . It was (hero’fo mo’

n(’c(’ssarv (to c’omusjder tho’ pomssihihify (limit

IPAdo isimiv hmivt’ imi(erfo’ro’d with (ho’ utiliztu-

(ionu oil (lit’ pno’fomnnsed punino’s. It had bo’o’m-i

showmi (‘tinlit’r (limit I PAdo titus mu poifo’n-if- ito-

hibi(oor oil (ho’ up(muko’ oil ado’nuosin-io’ (K1 , 1.4

gui) munt(! oil o(ho’r mtuc’lo’osido’s as welt (8, 9).

Thus lti(’k oil pnoo(o’ctio)mu by miclo’nioosimie, when-i

usc’d mi nioonniat lo’vo’ls, was nooof sunpm’isinig.

JPA\I I�, tim-i (hue oo(hio’r haiud, was 1(10-in-ic! foo

inhibit ado’muimie pItt osphc)nil)osylf ramusfo’nmiso’.

This mssav huavo’ ro’stnic(ed the ufilizafiomo oil

adeuuimuo’, (lto’ro’bv o’xplmoimnmtg flit’ lack oil jntm-

(ec(iomiu i)V this Poininue. In-i (‘oomotnast , hivp(OX-

amthimto ‘ j)Itt ospho oniho msvltrmunsft’rmoso ‘ � 0 ititv

insigniificamutlv inuluibito’d by IPA\IP. TInts

hypooxtumuthinuo’ wmis ton-it’ punino’ whiiciu shomulc!

havo’ pncovido’d lonooto’o’fiout, mussuissimug (limit- flue

sitc’ oil mtcfiomnu o’ommoco’rnied (Ito’ o’anlv sft’ps oof

purim-io’ bioosymtfhso’sis. Tltt’ Imock oil prooto’otioomi

by hypooxamithuuno’ (limit wtos oibso’nved

s(rc’mug(Ito’mit’d fhto’ huypoo(ho’sis fhmot (ho’ critical

si(d, (of tuc(ioom oil I t�AMI� was omthuo’r flit-it-i mini

early step imu punimoo’ hioosvmitluo’sis.

Tiso’ o’ffecfs oil Il�\\IP tori to mounsibo’m’ omf

o’muzvmnt’s co mnico‘ruio’o! with puninit’ mist ‘t mobomlismui

ant’ sunnnnanizo’d in-i Tmublo’ 3 anid l”ig. 7.

Bmuso’d solt’lv tim-i K, vmuluo’s, IP.-V\IP woiutt!

havt’ to ho’ comtisido’no’d mu pomoor imuhibitor of all

(ho’se o’mizvmtso’s . Ho owt’vo ‘r, f Ito ‘ mit nao’o’IIulan

Io’vo’ls oil IP�\.i\IP, mis sliowmi in-i this stuc!y,

\\.(q�, vo’nv high whuo’mi coomssptunt’d with (-Ito’ lro’-

vailimig levo’Is ol A#{176}oIP tunic! I?uIP ; cooissj)anisomni

oil (ho’ iuufnmio’o’llonlar [Ij/’[oSl nmitiom uvitlu thuo’

.1(/K�, rmutio) lo’moc!s tom flit’ o’ommoo’lusioni tluaf

_,&:\ I I � kiniaso’ mimic! in-it osina( o’ do ‘huycinoogo’naso’

muav wo’ll ho’ (hit’ t’nitio’al sift’s oil tuc(iom oil

IPAM 1�.

mi (Ito’ S-iSO o’o’lt svstt’uu t l��doo ted fom

signifio’monif u’o’c!uo’fiomni mu AlP 1)000015 tuhuilo’

��&:�i 1� mi(’cumusulato’(t. Tho’ ro’dut’tioin oof Arf P

1)0(015 o’ooulcl l�’ (ho’ no’sulf oil flit’ imiltii)it-io)nu (if

�A.i:�,lI� kimiaso’ by I P�V\IP. Atsom, sinto’o’ I PA1\l P

ao’o’uiusulato’s im f-too’ o’o’lls mit musitlunsoolan lt’veLs

( in Sj)1(t’ oil its rtupio! bno’mukclomwmi), tim-it’ misusf

ctouuc’tudo’ that nio’w I l�\.\l P y�. ho’inig svmi-

(iio’sizcd c’oomutunuoouslv ; (he tiso’ oil 1�TP loom’

(his svmttho’sis mnmiv himuvo’ (‘confnil)uto’c! too (Ito’

nt’duo’fioni in-i A�FP Io’vo’ls in-i o’o’lls o’xpo)s(’d too

IPA!oi. It is alsom oil imtfo’rt’st flimuf I PAdoo

causo’d to .)0 � olo’o’ro’mtso’ im Ai’P 10000015 oof rat

liver in i-leo. ‘Flit’ oohso’m’vo’d inohtihif-iom oil

ft onissvlglvt’imimomnicio’ t’iI)totiuclo’o of ido’ symif hoesis

(I’igs. 1 tin-id 7) imi imotact S-isO tolls o’xpooso’(l

(0) IP�-\dti miuav iniolo’o’c! no’flo’o’f (lie nedut’o’!

ATP Io’vo’ls. \Vhtile Nc’lsonu momiol Parks (42),

001-i (no’atisso’mif oil S-iSO ct’lls wifhu 6-mtiethvl-



no.”

1.4 4.3 0.5
4.0 4.6”, ().01c 0.4, 200

15 <<0.1 >>20

K1 , 3.0) tiout <<0.1

5.8 0.04 50

-; IS] iootlictotes t he ooonoetot rat iooo of t he coonipet itig soobst rat e ito cell water ootoder roooronal cotditioiis.

FIJ , t lie mt rtoo’ellular o’totuo’totrtit ion of I P.\.i\IP, is taken as 2 mit , o.orrespootoding too 100� growth-in-

hibit ory t’oot)(lit ioitos (see Figs. 1 titid 2).

0 This value for PItPP wtos derived froouu t lie data of lilenolersoon tot-id Khooo (40) for S-1�() ascites cells

ioocubatetl with 5.5 OhM gloocosc, tossunung I litot the wet- tell j)ellet totottoitoed 49( ; oof cell wttt-er as in the
(‘misc oof S-1M() tells gromwto ito o’iolt tore (23).

C I�’fers to the vtolioo’ of lcellev ci of. (41 ) foot’ hootuitin fibrooliloosts itt ooolt ore.

342 1)mvEKA1O ET AL.

Enzyme

T.-oni.o-: 3

JPA lIP as inhibitor of enzqiiies of purine nietabolisin

Inhibition Intracellular”

[SI [I]/[S]

Salvage

1. Adetotositto’ kintise
2. Adetoine PHPP tratos-

ferase

3. ilypooxatthine PItPP

trot nsfertose

I)e _\‘(OVO

4. PIIPP synthettise

5. IMP do’hyolrogenttooe

6. (�NIP kinase
7. .&deroyloosooecirotote syro-

thet use
8. Adetoyloostoo’cinttte

lyaso’

9. A1�iIP kititose

Coompetitive vs. ATP
Coompetitivo’ vs. PUPP

Po ooor

\I(o(lermut e

Ctompetitive vs. IMP

Itsignifittotot.
Nonoontpo’t it ivo’ vs. L\IP

P( 0(01’

Competitive vs. .AJ\IP

thtiooinioosimuo’, alsoo oohso’rvo’cl a 50 � ro’ducfioin

imo �\.‘JTP tumid GTP pootols, if is oil imif-o’ro’st that

\Vtonm-ii(’k amio! Pmofo’rsoomi (43) , using L-3i78V

tolls, looumud mu 40 #{176}�-; ro’dut’tiomo oil thio’st’ P0000lS

o’vo’ni wluo’ni c’o’lt jonoolifo’nmufioimt was umoaffo’cfed.

This suggests (limit m 40 �- ro’oluo’fioott oil

mouo’lo’ootido’ lo’vels mimov not- ho’ o’nitio’tul loin co’lI

gm’oowth.

This study lit-is sltoowmi (hat- (Ito’ o’vfoo(ooxici(y

0)! 1 PAdoi n’o’cluit’o’s high imi(n’moc’o’Itulmor lo’vo’ls oil

I I�A��#{176}�lI�. Tho’so’ lo’vo’ls tint’ no’sfnicfo’cl by (ho’

no’duo’fiouu in ATP, which is m’o’oiuiro’dl ft or 5’-

IPAI\IP fonrnatioono ; so’t’oonud,mis sltoowni iut’ro’,

I I�A:#{176}o11�imihihits muc!o’Iooosimie kimoaso’, amid tItus

its oowmi loonmiimutioom, by eooiiipo’tinig vith

I�11l) ; fluird, (ho’ ini(rmoco’llulmir hro’a-kdowmi of

I PA?uI l� is vo’ny nmupid (l�� = 37 iutiro) itt all

o’o’lls studied soo far (2) mon-id tItus no’oluiro’s (Ito’

o’omnisftunif jont’so’muc’o’ oil IPAdo. \\-�l-io’fluo’n mu mio’-iv

totlt’m-io osimio’ minmih oguo’ emoni lit’ o!o’sigutt’c! , �vluich

t’moto ro’sisf such hretokdomwni, (lo’so’nvo’s too 1)0’

o’xplooro’cI. I l��do m’o’pro’so’nifs mini in(o’ro’sfimtg

mum-it! unousual o’xminsplo’ oil mu cytomfooxic mugo’mut

l-imovim-ig iouiiso’rous sift’s oil ao’fitomi which

o’ifho’n’ simiglv oin in o’tono’o’r( mire nespoomisiljlc’ for

cvfomfooxici(v. Simoo’o’ substrato’ poiots tumid t’mu-

zvnse ao’(ivi(io’s iii oliffo’ro’mt( (issut’s mire likc’ly

too chiffon, (Ito’ muillttii)licitV oil (Ito’ sito’s of

mic’tioono mmoy wo’ll ctomts(it,u(o’ a basis loin selec-

tivifv of ac(ioino whio’lu has beemi o�ohsenved in

diffo’ro’tit tissuo’s in o’ivo (44, 45).
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