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SUMMARY

BECKER, MICHAEL A., ARGUBRIGHT, KENT F., Fox, RICHARD \1., AND SEEGMILLER,

J. EDWIN : Oxipuninol-associated inhibition of PYrinuidilie synthesis in hunuan lynupho-

blasts. Mol. Pharmacol. 10, 657-668 (1974).

The administration of allopurinol or its major metabolic oxidati(in product, t)xipuninol, to
man consistently results in inhibition not- only of uric acid synthesis but also of pynimidine
synthesis. Nioleculan correlates of the latter inhibition produced by oxipuninol have been
studied in permanent human lymphoblast lines in tissue culture, which appear to be satis-
factory models for the study of this drug effect-. Incubatiomu of intact lynuphoblasts with

oxipuninol resulted within 90 mm in significant inhibition of imuctirpona-tion (if [‘4C]orotic

acid but not [3H]unidine into cold acid-precipitable counts. This inhibition of pynimiuicline

synthesis was correlated with the generation of an or(itidyhc acid decarboxylase inhibitor
which, in cell-free extracts, required 5-phosphonibosyl 1 -pyrophosphiate and oxipuninol for
its formation and could be generated in extracts of cells deficient in hypoxanthin(-guamne

phosphoribosylt-ransferase. Stabilization of both t mt it idylic acid decarboxylase and orotate
phosphoribosyltransferase also resulted from incubation of lymphoblasts wit-h oxipurimiol.

The production of the stabilized activities ap�jeared to coincide tenuporallv, iii substrate

requirements, and in reversibility with the gemieration of the inhibitor of orotidylic acid

decarboxylase activity, suggesting a common nuolecular basis for these effects. in addition,

oxipuninol treatment resulted in ami alteration iii the quaternar3’ structure of the bifunctional
enzyme complex cont-aimuing both activities, with ami increase iii mtilecular weight front

41,000 to 108,000 as estimated by gel filtration studies. lii the higher nuolecular weight

material both increased stability amid inhibition of orotidylic acid decarbox�1ase were (lemon-

strated. These findings are in accord with the suggestiomi that nibonucleotides of oxilnLrimiol
result in inhibition of l)yrinuidhimue synthesis through alteratitins in the activity, stability,

and quaternary structure of the enzyme complex. A comucemitratitin-dej)emidemit incrtas( in

the specific activities of orotidylic acid decarboxylase amid tirotate I)hosl)hioribosyltrans-

fenase has been demonstrated in both lymphoblasts and fibroblasts incubated with oxi-
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jitirint 1. Itt lynuphioblasts this increase in tnzyme a(tivitv (ic(urr(d within 2-3 hr and ��as
ntit IirtvtuIt(dl by trtatnuent (if the cells with cyclohuexinuide. Stabilization of the enzynues

during txtractit)n frtinu the ((il tin dire(t a(tivation of the emizynie activities appear to be

nut irt liktlv txl)lallati( )IiS for the in(reas(d (nzvme activities thami imiductiomi of mie�v enzyme

synthesis or inhibition of normal emuzvme catabolism. No differetices were found between

mitrnutl amid hypt ixamithine-guaiiitie j)hitisphonibosylt ra-nsferase-dficient lymphoblast (or

fihioblast) limies imu activities of either ortitate �)h0sphonibosyltramisferase or tirotidvlic acid

(lt(arbt)xvlase.

I NTH(I)I)U(’TION

.\llt )j)uninol, au amialt )gue t if hypt ixant hine,

is btitlu a conujwtitivt imihibittir and a sub-

st ratt tif the fimual (I1ZVIii( ilivolve(l ili uric

1(i(l sytithesis, xanthiin( oxidase (FC 1.2.3.2),

auth is thi(ref( )re ill \vi(l( (liili(ul iise t15 a

lit])) uri(ctuui( ag(nt ( I ). The nuajor inhibitory
tl-Ittt of this drug tin Xalithiti( tixidase ac-

ti-vity is prtidll((dl by binding of its oxida-

t it tIm 1)1) )dU(t , (ixijiliriuit ii , tt ) miii (IiZ’Vflie-

bound nitilvbdcmiuni (ofa(ttir of lower valemice

statt tluami is pr(s(rlt imi the a(tiv( emizyme (2).

�1h1( iiittttbt his,ui of ahltil)uninol results, ho��-

tvt,l.. imi at ltast twt addititinal phannua-
(.t 1) gictl tffetts. In nut st in(Iividuals, par-

t i(ularlv t hose patitnts who arc overpro-
(hieing uric II(idl, tr(atnuetit with this drug

dinuinislies tlit t(ital anu(iuuit of j)tirimue.s syn-

thitSiZt(l ali(l excret((l by the body, an effect
dtj)(iI(l(mit oh activity tif th( (lizynue huy-

j)( )xauit Iiine-guamiine I)hit isphoribosyltrans-
ftrast (F:C 2.4.2%) (3), which catalyzes

(( iiiVt 1.Si( iii ( )f ill( �I nirint il tt ) alit illltnimli(il

I -rihonucleotide. ‘Tlit rat( of l)urimi( symithesis

de i,oi’o is dimiuinished as a (t)misequ(I1(( of this

l(a(tit)li. tithiet thumtiugh (I(pletitili of the

rtgulat tirv substrate !T-phosphit ribosyl 1 -

PYr liii) )sj)hl-ttt3 (4) , t hr nigh a((uniulation of
inhibit t mv puritit IitI(l(t )ti(l( d(rivatives of

IIVI)t XahlthIiII( IiIi(l XiIitlIiIi(, or, less likely

(5 ) , tliniught inhibititin by ullopunimiol nibo-

liU(l(t)ti(1( (6) of the rat(-linhiting first reac-

tit)n iii I)t11�it1t svntlitsis (l(’ noun (titttlVZed

by PP-ribose-P anui(ltitransierase (EC 2.4.-
2.14) (7, 5).

Au itihibitt rv effect ( tf nuetabt ihites of

allt)puninol tun j)yrinlidine symithesis has re-

(tntlv been denuomustrated in u’iu’o in humans

(9. 10) and rats (11) as �vell as in hurnamu

Abbreviations used are: PP-rihose-P, 5-phos-

ph riliosyl I -pyrophosphate TCA, t richloracetic

acid

fibroblasts in tisSl.1( culture (12). This effect
results fronu inhibition of the enzyme ono-

tidylic acid decarbtixylase (EC 4.1.1.23),
which catalyzes c(inv(rsiomi of (irotidylic acid

to unidvlic acid, by miucleotide derivatives

of oxipuninol, the major nuetab(ilite of al-

lopuninol ( I 2-1 5) . Imihibitiomi (if l)ynimidine

synthesis in rico is a((ofllpaniedl in addition

by increased activities of on )tate phospho-

ribos’vltransferase (EC 2.4.2.10) amid oroti-

dylic acid (lecarboxylase (1 1 , 1 3, 16) , sequen-

tial (IIZ’VITIes of l)Yrinuidilie svmithesis which
constitute a bifuuictiomial (nzyme complex

(13. 17, 1%). The molecular basis tf the in-

creas(d emizyme i(t ivit its is (( flit roversial;

Fox et al (1 3) shiow’ed evidemuce for stabiliza-

t 1(1)11 (if tht se euiz’vnits imi er�t hr itytes from

individuals treate(l with allopurimuol, and

yeast or(itidyhc Ii(idl decarbox�lase is sta-

bilized by (ixipurinol nibomiucleotides (15).

Stabilizatiomi in ervthrocytes, however, was
ntit conuirnued by Beardnu(ir( et al (16), who
suggested a� direct a(tivatiolu of orotate iuhos-

})hit inib svlt ransferase by mimioxipunimiol meta-
bolite. In liven homogenates of rats given

ahlopurinol, Brown ami(l cti-workers (11)
foumid ilicr(as(d stability of thtese enzyme

activities tti thernial inactivati(imi and an
a�)partnt imi(reas( iii the m(ilecular weight

of the enzyme (tinul)l(x. These authors sug-

gested that the observed effects of enzyme

stabihizatiomi, increas(d enzynu( activity, amid

iiihiibitioti of j)yrinuidlilie synthesis were ((ill-

5((ltidmic(5 of th( demtinstrated alteration in

(Iuatermiar�’ st ruct nrc ( if the emizyme corn-

pl(X.

lmi the Present studies � evaluate the

effects of t)xipurin(il (ill �)ynimidim1e metab-

(ilisni in (hij)lOidl human lymphoblasts in

tissl1( culture, using nornial cell lines amid

cell hues 5(V(rel\’ dlelici(nt in hivpoxanthine-

guanine put spht inibt sylt ransferase. Our
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studies imi both iflta(t cells Iifl(l cell ext ra(ts

indicate tlimit txposurt of human lympho-

blasts to oxipuninol resUlt in a miumber of

temporally related (hamiges in pyrimidimie

synthesis, most likely mediated through an
alteration in the quaternary structure of the

orotate phosphonibosyltransferase-orotidylic
acid decarboxylase complex consequent to
interaction with a nucle( )t ide (lenivative of

oxipuninol. ‘�%e have confirmed the stabiliza-
tion of both enzyme actiVities accompatiying

inhibition of orotidvhc a(id d(carboxylas(
and suggest that the increased enzyme ac-
tiVities resulting from incubation (if inta(t

cells with oxipuninol may reflect this stabihiza-
tion. Lymphoblasts thus rel)n(selit a ((in-

venient- niodel in vitro in whichi virtually all
the effects of oxipuninol on �)yninui(Iin( me-
tabohism observed in previous studies in (-‘iVO

(11, 13, 14, 16) timid in tissue culture (12)
can be investigated and related to tin� au-

other.

\I.-tTERI.tLS .iNI) iIETHOI)S

]Ialerials. [7-’4C1( )rotic acid ( 1 .5 niCi/
rnmole), [6-’4C]orotic acid (51 .6 mCi -- nunuole),

[7-’4C]()\IP ( I .05 mCi/mnuole) , {5-3H]-
uridine (2S Ci/rnmole), and Li(1uiflu(ir phos-

j)hor were obtained fronu Ne��’ England Xmi-

clear Corporation. 1)iniagnesium PP-ribose-P
was I)urchiased from P-h Biochemicals; cyclo-
hexinuide, from Nut ritit aial Biochtmicals;

chynuotrypsinogen, (reatint kinase, and cat-

alase , fronu \%ort hingt in ; and unlabeled

o:�i P, frtinu Calbiochenu. Sephiadex G - ISO

and G-25 were I)urchas(d froni Signua. Oxi-
punin(il was a gift t)f Dr. Gertrude B. Elion,
Burn iughs-Wellc irii(. Ant t - I �t iv nu((hiunu

and fetal (aif serunu \v(r( t)btain(d from Flow
Laboratories. All other cli(mi(als ��ere rutir-

chased from (onim(rcial sources amid were of

the highest grade g(nerally available.
Cell cultures. Lymphoblast cell line \VI-I�

t)bttiifled fronu Dr. Ri(har(l L(rn(r of Scripps

Clinic and I�searchi i”oundation, is a bug-

ternu dipboid limue of human lymphoblasts
derived from the 5Pl((n of an individual with

congemut al sPherocYt II amienuia ( 19) . ‘lhtse

cells show a nonuiual karyotype, 01(1 (liar-

actenistics of their purine m(tal)olisni have

been studied (20). A lymphoblast cell limie,
Uii\l-l1 (21), derived from an imidividual
uvith severe hvpoxanthine-guanine phosphti-

rib isvlt ramisftrase deficiency (l�sch-NylitIl

syn(lron)e) (22), was a gift tif 1)r. Arthur

Bit mu, Uiiiversit v of’ \ I i(higaml. Previous
St tidies t i� t lit j)unine m(tabt ilism in t his cell
line IU1Vt denuouistrated nuarked �)uriIi(

�iverprt )duct it )ri, ilicr(a((l intrac(Ilular VP-
nibose-P toutecnit ratitin , uric! sev(r( (leficieli(v

(if the enzvnue hypoxantluin(-guanine Plios-

1)11) )ribosvlt ratisferase (20). 1’or ((rtain cx-

j)erinuelits a lytuiphit )blast ((11 line (Ag’l)
(113 SCI ), s(l((tt(l by 1)r. (;. Nuki and l)r.
,J. Lev(r froni \\1-I� by rtsistance tt S-aza-

guaniiuie an(l found to hav( a severe

ficieuicy (if hypoxantliint-guatiiuit PhiosPhlo-

nibosvltransferase, �vas also used (23). All

ly nupht ibbast lines ��‘ere gr a�ti in susj)ensit)n

culturt ili AUtO-POW nu(dhiunu with 10 fetal

calf seruni, 50 units-- nil (if l)(mlicillin, :111(1
50 .cg- riil (if tr(ptonu’vcin at 37#{176}in S (‘( )�

imi air. Lndtr these ((in(liti(ins the dells grtnv
to a niaxiniuni (lellsitV of approximately I .6
2.0 X lO� /nil. For tlit prtstnt txj)erinueuits

c(115 \vtr( harvested (htnimig the boganithnuic

I)11t15( (0.5 1 .2 X hO� ((lbs/nil).
l’ihrt bl:tst cell liutes d(rive(l from skiii

biopsy 5P((ifli(Iis t )btItiui(dl fr uuu itt )rnial in -

dividuals III1(b I)ati(mlts �vith severe hivI)( �-

xalit-liint-gllanine 1)hit isphu inib )svlt ransf erase

deficieuicy \\�(q( grt � uIl(I IIrt j)agat((I ill

monolavers as j)r(viously (l(scribe(1 (24) in

Eagle’s nuinimal (s(ntial nutdiunu with

added mn)I1(ss(Iit iii anuiuit 1(1(15, 1 0 ‘ � fct a!

calf trunu, tIi(I mutt ihi )t itS �It t lie (OIi((Iit ra-

tions noted above. 1;xpcrinuents \y(�( (arri((1

out ( in ((115 gut )\VIi tt ) ct )nflutnct on the sur-

face of glass roller bottles tuid rinutived h�’

treatm(nt with 0.25’ trvpsin.

1�1e/)a mat ion of ((II (‘.)lia(lS. I 4� mI)lit )blitst 5

iii SUSl)t risi( mi tiul t urt \v( t.( (t nt ri fuged at

lSO() >< �i for 5 nuiti and Wasli((! three tinucs

in ct ild 1)ulbecct i’s I)lit )sphuat-(-hufi(r((l Na( I!

solritioui. (‘clls ��cn mestlsl)cllde(l at a dtnsitv

of 4 X lO7jnul in 0.02 � I)ottissitifli I)hi(i5

l)hmutt buffer, I)H 7.4; they wtrt then froztn
amid thia�ved three tituies in liquid muitrog(n.

After c(ntrifugati(in for 20 nuiuiat 4S,()()O X �j,

ti-a sul)trnatant bayer ��ts diabvzc(l at 4#{176}
for 120 nun against 0.02 ii j)otassitmfli 1)1105-

l)1Utt( butler, PH 7.4.
i’ibrtiblast txtracts �crt pr(par((1 in an

i(leliti(tIl fashi in 6 ilit iwing I rypsin digest i )n

atitl r 5115! )( nit iii at 2 4 >< I O� t� us -nub.

Lsliuiualio,i tiJ tale of /)!/1i in i(line synthesis.
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�Flit ili(orl)t)ritit)n tif IG_’4(’]tiiotic a(i(1 (in

(:j� ]uridine bitt i ((il(l a(i(l-llis( ilublt niateriab

\�#{149}tsus(d t(i 155(55 tli( tflt(ts tif t)xipuninol

oh I)tItliWIIYS of b)Ymimidint tItt(l(Oti(l( 5”s.Ii-

(hitsis (12). �Fti (ulttulcS of bvnuphiohlasts in

grt �vthi mtdium, ap�irt ipniate ct in(tIIt rations

t )f ( xipuniuiol \\.(�i.t t(l(1((l. i�ftem iIi(Uhation of

t lit ((lbs a-t 37#{176}for tlit t�)prtij)ritt( l)triOd of

1 mit, [‘4C]t ii.t iti( a(i(1 (in [tI1jiuu�idine (diluted
��#{149}itIi miomibabeled uri(hiui( to give a final specific

a(tiVitV of 5fi0 mnCi mnuole) was a(lded to

I lit ((11 susptnsioli at a final ctiml(emitratioli

t )f 20 �I , ttIi(l incubation ��as ((iuitinu(d for

(�4:) nun. Three vo!utiues of i(e-col(l j)lI(isphtit(-

hufftred NaC! � tt(ldlt(l to still) thl( incubi-
I it in. I�illo�ving ctuitrifugation at 1 S0() >( q,
tli( ((lb P(lbtt was ��tshed tlirt( tints with

2.5 nub of i((-(til(1 10 � ‘F(�&. r(susj)(nded in

I .25 nub of I � 5(i(!ilIITi (lOd(cV! sulfate-hO

n1i��, amid pbactd it 0#{176}tom 20 nmiui. The sits-

Ii(tisiOIi ��as then fi!tertd through a 0.45 j.�

)Iilbipore filttr, \Vhii(hl was waslitd i�ithi
S �( T(1�\., dried in air, uuiti (ouuited in

J�4i( 1tiifltl(ir I)11t i�jihor ill a l�ckiiutui LS-233

li (tui(1 s(intillati( in counter. i ii. these studies

touuitimig ethciencies �ti.t 62 ‘ for 14(i� ItI1(!

l.S� for �H.
I’�nzymn(’ (LS.S(1!j.S. ( )utitatt Ii1i�sl)l1t)1’ib�5Yl-

t ransferase and t r it idvbic a(i(1 dI((arbuxylase

It(t ivities �\.ei.t tSsayt(! in acc(Jm’(laIi(e �vith

tli( methi(i(I5 (!tS(nib((! b�’ l”ox, \\ood, amid

( )‘Sullivan ( I 3), txctpt unit the fitimil [14(Ih]_

( )::\ I P t.t iuiteuit ratu )n in I lit ( rt )t idvlic acid

(!t(arboxvlas( assay �vts 0. 1 mmiii ili(l dialyzed
lvniphoblast tr fibroblast extra(t rtplace(l

hitnut ilvsate. I n the nt tate phtisphit )nib(isyl-
transfetase assay tlit j)1t (luict (if tIn rtaction

\\.Ls ctunv(rt((b tti unidvlic ((id liv addition

of 0. 1 unit of vtast- (iVt iti(!Vli( acid dtcaibtix-

v!asc, j)tttittlb�’ j)lirifit(l by the nu(tht)d of

I1t!)l)eb and Flilnutie (25). rFhis I)1(I)ttItutiomi
(()iltaili((! less Iliami 0.06 onitate I)hlosI)ho-

ribosv!tramusftrast activity rtbativt to oroti-

(lybic It(i(! decamboxylast utivitv. In each as-
say the aPlirtiPriate [7-’4(’Jlabebed substrate

‘Vitl(!((b 14( ‘( )2 ��-hici \\.ts ut llcct t�! in 0. 1 nub

( if’ FI:�’timiiiit li��lrt )Xi(l( ( I �nktm�l ) (t intained
ill (tIit(1 �vtlls ( !�it mitts ( bass ) suspclidt(1

fr ni rub ii nr gaskets iiitiriuitt(1 t )I1 1 7 X 100

111111 j)t ilypr pyli mit t��I s. ( ‘obltct ion tif (‘02
�vas nuaxnnizt(! 1iV stt )j)�)iI1g t lit rtactions

wit hi 0.1 iii! of 5.0 N 11�S( ) ilij((t((1 ilit(i the

hot toni of tIn test 1 uhts. After 30 mimi of

incubation at 37#{176},th ctnter wells were re-

moved from the tubes and clipped directly

int(i scintillation vials to which 10 nub of
Bray’s solution were ad(le(!. Radioactivity

was themi dhire(tly nu(asur(d in a Beckman
liquid scintillation c iumiter. (�uieratiomi of

‘4C02 was J)roptirtiolial for bothi enzymes to
tine of imucubatioui ill) tt) 60 mm, tuuicl to

protein conc(ntrati(in , fronu I SO to 400 jig

in the assays.

Oilier nietli 0(18. Prot ci ii det ernuinat ions �vere
carried omit by the method (if Lowry et al.

(26) . Hypoxanthune-guaminie PhosPhonibosYl-

tramisferase assays were l)erf(irmed in lym-

1)hoblast extracts as described by Wood,
B(cker, and Seegmiller (20), and in fibro-
blast extracts, as (lts(nib((l by 1”ujimoto

IiIi(! Seegmilltr (27).

IIES1’ LTS

Itt/i ibition of j�yiini i(line synthesis. Incor-

Poratiomi of [6-’4(’]orotic aci(l into (old acid-
insoluble nuat(nial is markedly iuihiibited by

incubation tif intact lymphobbasts with oxi-

1)urinol. As sliowmi imi I”ig. IA atid B, re-
sp(ctively, the imiluibition t if pynimidimue syn-

thesis is maxinual at 0.5--i nro oxipuninol and
is evidemit uvithin 90 miii (if addition of

oxipurinol tti the nuedium. imucubatiomi of
intact lymphoblast s withi similar concentra-

tiomis of oxipuriniol has muo effect on the
ini(orptirati(in of [31H1]unidine into cold acid-

insol uble nuat enial . 1 mihibit ion ( if p3’nimidine

flhlcl((it ide symuthiesis by iixipunimiol on its

nuetaboli( Products is localized by these

(xp(ninuemuts to the sequence of two reac-

ti(imi resulting in the synthesis of U?�lP

fronu oroti( acid. in the 1)r(sence of 0.5 mu
oxipuninol in the growthi medium the growth

rate of \\�I-1��� bvmphoblasts is diminished

appmoxiniattlv 20 (;; although normal nuaxi-

nual cell (ltuisitV is 1(hii(ved.

A ctivities of orotate phospli or-i bosylt ia-mis-

f erase (111(1 O1’Oli(17j1iC acid (leearbo.lylase. The

activiti(s (if both tnzynues involved in the
colivtlsi(in of (irtiti( acid to 1J\IP are measun-

able iii I’Vml)hI)bblsts and fibroblasts grown

in tiSSU( (ulturt, although the sl)e(ific en-

zvme activiti(s of both tiizvnuts ar( higher

in lvmphiiblast lines (Table I ). AS previously

r(pt irt ed imu (ryt hlro(yt cs ( I 3) , c it)rdination

of orotate phosphonibosvltramusferase and

orotidylic acid! d(carb( ixylase activit its is
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4 )1. H. Ilershfield, unpublished tlbservat ions.
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TIME OF INCUBATION (mint

[in. 1. Imihibiliom of pyrimmii(lioe .syithe.si.s in

ii umna a lqmn ph (il)l(ISt.S prod ?L(’(’(l h!J �Xlp urimol

After incubation of 1 X 106 intact- (ells at 37#{176}in

1.0 nul of growth muediuni wit h or wit hout oXi-

purinol, either [6-”Cltirot Ic acid (lMCi , 20 lil1i(iles)

or [H]uridinc (11.2 5Ci, 20 tin-toles) was added,
and the incubation was (�)uitinued for 60 miii. The

rate of pyrinuidine synthesis was estinuated as
described iii ms.�T:mu.�I.s .�NI) ME’rHoI)s.

A (upper) . lfTect (if oxipurinol convent rat-aius
on the rate of pyriniidine synthesis. Time of in-

cubation prior to isotope addition was 3 hr.

.-., [5Hluridine; A-A, ltm4Clorotic i(id. The
baseline in(orporat ion (If [�1Iluridine �i (1200

cpni , and of [‘4Clorot it acid , 2100 (pm.

B (lower) . Tinue (t)urse of oxipurinol effe(t on

pyrinuidine synthesis. The t)xipurinol concentra-

tion was 0.5 mM. Tinues out the abscissa indicate
total periods of incubation with medium in the

presence or absence of oxipurinol. 0- - -0,

[3H}uridine, no (ixipurinol ; #{149}----S, [3H]uridine,

oxipurinol added; A--------A, ‘4C]orotic acid, no
oxipurinol ; Li,- - -�, [‘4C]orotic a(id, oxipurinol
added. The baseline incorporation of [3llhturidine
was 570() cprn, and of [“C} orotic acid, 2300 cpnu.

present in both ct!! types. In (ontrast to

the increased activities of orotat( I)liospho-
ribosyltransferase and tirotidvlic acid de-

earboxybase described in ervt hurt icvtes of

20 -

B

childreui �vith s(v(re d(fi(i(n(v of liypo-

xantllill(-guanin( j)hi(is�)luorib(iSyllraIisf(ras(

(24), both !�‘nujilioblast Itti(! fibroblasts
(l(niv((! fronuu iuu!ividuabs ��it Ii s(vere livpo-

xamit hin(-guanin( 1)hit)51)1i( inib )S’V!t ratisferase

(!(fi(ieIi(\’ � � a(tivit its t )f both en-

zvmes (onuparab!( tt) tll(iS( sten iii cells with

nornual hypoxant hine-guallilie l)11( )splioribo-
svltrauisferase a(tiVity (Table I ). Lynipho-

blasts selected by spt )mitami(( Ills r(sistami(e I ()

5-azaguanine and also severtly deficient in
1n’�)(ixantIIiIi(-guaniu1( I)h(isPli�ribosY!trans-

ferase likewise have a(tivities of these (Ii-

zvnues ui the rang( of the nornua! cell lines.

II1(tthttitlli of imitact !vnuphohbasts with
(ixil)urint ii results in tit ise-(l(p(Ii(1(IIt increas(s

in il(tiVitV (If both ortitate pliosphoribosyl-
t ransferase an(1 irot idyh( a(id de(arboxylase

(1”ig. 2A). Fli( increas(s in (nzyme utivities

are (LO irdinate and are (l(nu( inst rab!e within

2 hr of iflcllhiti(ili With oxipurinob. Pro-
bongation (If the Period of ilidubation lii) to

9 hr (!“ig. 21-1) fails to in(r(ase the activities

beyond those achieved by 3 hr. Prior in-
cubatitin (If ((!!S ��it1i 5.0 jui (VcboiueXimi(le

(a con((ntratioli (if this inhibitor of Protein

symuthesis ��iiich n’iarkcdlv inhibits [‘4C]-

leucine in((irp(iration illt(i hot I(��-iuisolubbe

(Otulits ili lym� )h()blmtstS4) does riot prevtiit

th( illcr(as(d enzvnue activities resubtuig
fronu iui(llbatiOli with oxipurinob (“1�ab!e I ).

\Vluemi !vmphoblasts are incubated in

growth nu((!iUni with 0.5 Inil oxipuninoh,

similar increases in cnzynie activities o�cur

withimu (1 hr auitl p(rsist to it least 24 hr.

N � irma! aml(I hivp ixant hine-guanine j)hi(is-
j)horib( Isyl transferas -deficient uibr )blast s

gro�vn to c(Influ(nce in the j)res(n(e of 0.5 nuuI

oxipurin(i! sIuo�v ini(reases in the activities
(if both enzvnues sinii!ar in magnitude to

those Seth 111 lynuphob!asts (Table 1 ) and in
fibrob!asts inicuhated with azaunidine (29).

In Ii ibit ion of 0101 i(liJ/iC acid (lecambo.iyla.se.

\Vithiin 2 hr (If in(ubatiomi of intact lynu-

Ph(ibhtsts uvitli oxipurinol au inhibitor of

orotidvlic t(i(l decarhoxybase, but not of

orot at ( 1)h( ISj)hi( )ribosylt ransferase, is clet t ct -

able in the NIbs. Imihibition (au be demomi-

strate(I by comparing the emizynie a(tivit-y

at 0.01 1DM 0’ilP with that at 0.1 m�i ()\IP
as substrate (Table 2). The inhibitor can

be g(nerated in ((11-free lymphioblast extracts
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4 (-ii ‘1 ii es of orolaie /)h(I.sp/I orli)I)sylira nsferase (I 11(1 OrOti(lyll e (Hi(i (le(-arboxyiuse in normiai (i nil

/l !I/)�1(1 0 iii 1 ne-gu(1 0 li/’ p/l 0./ph on i)o.s’!/ltra i,.sfera.’/e-(1(:(i(-l en / Il / mOO / if/fllp/I(1l)iUst (1 mi

fii)roi)lus1 ((if Ii n (s , (I 1(1 (‘JJ(’(t of i 1(-ubaiio?, si’l Ill O.TiJ) or mini

(‘clis

Normiial

I1y�)(IxantlIine-gtmanine

j)liosphtlribllsvlt runs-

ferase -delic 1(11

J”,hrobiast.s

NI Im’iilitl

I ly IllIxumit liimit -guamii mit

I)liIIsI)liIIri 1/I syl t mans -
fer:ut-dtuic lent

( ‘cli line I1YI)oxa�thine-
guanine phos-

Enzyme activities
�--- � --

I horihosyl -
transferase

Orotate PhosphorihosYl -

transferase
Orotidvlic acid decar -

lioxylase
activity - �- --

Control Oxipurinol Control Oxipurinol

now/es//mr/mg
protein

nizoles//ir/ing proteimi mimnoles//ir/ing protein

\SlI�2 413

(389-429)

41 55

(34-4%) (52-5s)’
69 89

(60-81 ) (77-104 )a

Wl-L2 42 57’ 61 92’
UM-li <6 35 68

:�gr9 (‘I ‘�
<4 33 59

SCl

Has 216 11 19� 17 25
(‘ar 194 S 17
UIIg 2 13 22 17 23

Ulls 1 11 15

50 00 500 (000 5000
T -

6 9

TIME (hours)

662

All 1(t ivit \� miieasumremuemit s �ver( iiiatlt iii (luI)licate. N mnil)ers in I)tr(mit li(5(5 rcl)r(semit t lie ramiges of

at l(�t5t t hret separat ( dupi cat t 5(1 5 (If det ern� inatiomis.

‘ ( �el1s in(lit)atcd fir I-i; hr wi t Ii 0.5 mu ii oxipuri nol in I )ulbecco ‘s pliosphat e-l)uflere(l Na(�1 solut ion

I, ( �clls in(’(il)atP(l for 1 hr wit Ii 50 �iit cyclolieximiiide prior t o addit ion If (1.5 mui�i oxipurinol

‘- ( tIls ili(Liliatc(l ��it Ii 0.5 mii.�i ( (XiIiltiili((l in groat h iiictliuiiiu (as (Iestrib((l iii MA’i�I-2Itl A IS AN!) it F:imloDs)

t (I (((IiflIi(1I(c (-I tlavs)

�! ::i
� 40
3

� 30

- 20

� 0

A

IOXtPUR1NOLJ 1LM

F’i t; - 2 . Incrtne Is ii 1 nut ii l!/mnpl (i/i/US! (II I-L� ) oroi(lic pit o.�-phoribos!/l1r(1 nsferu.s-e a it! oroti il!/ic a(’iti

(/((-urli(I.rqlast (1(1 1 �! Ii vs r.s ill (/ from,, ii (#{149}4I)(I1 (ill (I’? I/i ox pin i/ni

I mit at�t lvmiuhiln 1)1:1St S \Vti’t i m((’tll)at (‘(1 at 37 #{176}� �I )ulliecc 4 I)1i(5I)1i�tt t’-huillered N a(l solut i ii ��it h tim
�vi t hI nit o�ipui Ii in 1 . �\t t lie (I)Iim’( (liriat � t ill/c t liP imi(ui}iat mu �s:ts st oppcd by addit 1/mi (If ice-cold

miI((li(mmui . anti ‘nil ex t m’�ut s �vtme IIm’(I)tm’((I nit! act ivit its assave(1 using 150 -B)() ug of l)roteimi iii I liP flSSayS

as tIPscm’ilic(l i ii ti �i’L ii .� 1.5 .� N I) M -;‘II(ImiS. � , I (m((tatt� ph splmtlm’iliosylt ransferase ; #{149}--- -� , tlr(I-

t i(I\-1 i( t’itl deca ml) xvlase -

.-‘ (left ) - 1-:I1t’(t I If I (XiJ)limimIIIl t’Omi(’tmit mat i( (ii ( (ii (‘(Zyllit it ivities. Iii�c of imicuibat mu was 2 lii. The

1 ast’l i me sIie(’i fir enzymnt’ � t i v i I its ��cm’t’ 42 and (‘Il mimilolts lii mug of t It a 1 1)1’ )t ci ii f 1 (rot at c pin sph(iri -

1II (sylt mamisfemase tnt! mlIt i(l\l i(’ nit! (team’I) xylase , m’ts1)(ctiVPlV

1� (right ) - �l’imiit’ � ((liSt ( f I xipumm’mnol elicIt I/fl PlIZyflie act ivit us. The I)xil)umrinol conccmit mat i/In was

0_S mii�t - Sj)e(’ifil tmlzymii( �tI’t ivit its s�em’e 4(1 amid (13 nnul lIes -- hr ‘mug of t (It al prIlteill ft/F orotate 1)hos1)Iiori-

lii s\-lt mamisfemast ImIt! I rI It idvlil acid (le(amliIIXVlaS(, respect ivclv , at Z(F(I t inue, aIi(l (lialiged less I lssumi

It V duirimig t h . Iii’S( I If t lie (xI)cminam(t iii cells uinexposeti I I (Ixipumm’imi(Il -
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JIIh ibitiomi (If oro/i(/glic aci(l (lec(lrl)Oxyla.Se aeinit�j in in i(Iei ly)1J)IlOi)i(m.si.S (I iiti

l�jmnphobia.si (elI extracts imitli)ai(’(i U’! ill OJi pu-ri aol

Intact cells were incubated in Dulbecco’s phosphate-bulTered NaCI solution, with a(l(lmt ions as nIIt((l,

for 2 hr prior to preparation of extracts and assay of (Irot i(lylic acid (lecarbtlxylase act ivit�’ as described

in MAI’EIIIALS .�Nh) MI-:i’IIODS. The decarboxylase activity was ((Imisistemitly higher in extracts tuf tells

incubated intact with oxipurinol when determined in the standard enzyme issay using 0.1 m� Oi\IP.
Cell extracts from freshly harvested cells were prepared as dcscribetl in the text but then were imi(ubated
with the indicated additions for 1 hr before enzyme assay.

Cells OMPu

117.11

Oxipurinol
(0.5 mit)

PP-rillose-P
(0.5 mM)

Orotidylic acid Inhibition
tiecarboxylase

activity

nmnoles//ir/mmzj’
prlltein

Intact tells

WI-L2

Cell extracts

WI-L2

�kgr9 Cl3 SC1

n_

, 0

48

0.1 + - 71
0.01 + - :37

0.1 - - 4(1

0.01 - - 45 -13

0.1 64

0.01 - 64

0.01 -4- (�(l -3

0.01 + 62 :3
0.1 + + 55 14

0.01 + + M 87

0.1 (11

().l + + 57 6

0.01 + + S 87

(Irot idvlic tititi ui st amidarti emizymue �55�(\..a Comocentratiori (If

(lilly in thu pr(s(I1(( (If both (ixipurintll an(l

PP-nibose-P and c(Ini1)(t(s with ( )\IP for

binding to orotidylic acid (lecarboxylase, ttl-
though an inhibitory ttinstant camin(It he

calculated wit hout knowledgt of t h( ct ID -

centration of the inhibitor. (�eneration tif an

inhibitor of orotidylic a(id (lecarbtlxvlase is
fl(it dependent ( iii hyp )xant hine-guamiine

phosph inibt svlt ransferas act ivit y , si Ii(e

lymphoblasts severely d(h(i(nlt in this batter
enzvm( l)roduce an inhibitor w�ithi sinuilar
ehara(t trjstits when intubat ttl wit Ii oxi-

puruu(il (Table 2).
Stabilization (1/ orotate p/iosp/ioribo.s!jlt1a its-

f erase a 11(1 O1Oti(l?/liC aei(l (Ieearboxylase. ‘Flit

activit ies f ( ir( Itat( !)h( IsplI(Irib( isylt ransfer-
use ahi(! orotidvlic acid decarboxvbast art

dependent (III the (flZ\’flIt (tlncentrat-i(in usttI

iii thie standar(l assay (I”ig. 3A). However,

w’hen lyniphoblasts are incubated with tixi-

punitiol, extracts of thest (ells clenuuonst rate

incntasecl stability at bo�v enzyme (tifl((Ii-

trat it ID ( F’ig. 3�:\�) . I Ii addit n in, hot It t ID it at (

I ihit ISl)li( II’ih( ISVlt raiisftrase and � �n It i(Ivlic aci(!
cltcarbt Ixvbuts( fronu (ells incubated ��‘it Ii

(ixi!)urinob (l(nii( Instrat e increased stability

to hitmul a(tiVatioli at 57#{176}(!“ig. 31?). ‘Flue I ifli(

((iUISe (If (1(v(l( Ipm(nt ( If st ahilizat ion and

t lit tt ilicelit i�at it iii t if oxi � )l)1�i lit I! lie(eSSarV

fIr t lit (ltV(!t pInent If t his st ahibizat it in uf

enzvnu( a(t ivit y ui iuit mut (ellS a�)ptam’ 1 1 lit

id(Iiti(tul �vith the (tlrrtSptin(ling require-

ments for t lie 1)1t I(ltt(tit lIt I If t he inhibitor (If

I irol idvlic Ii(i(l tlecarbt �xvlmist’ act ivitv. l’ur-

t Ii I’Iii( Il( , I lie fatt IFS 1(51 It imisihlt 6 �r I)( Itlu

inhibitit II) aiit! stahilizat ion art apparently

gen(rat ((b siiuuuiltamitt It)S!\’ ill an t ixipurin( II -

amid PP-nihllse-P-dtptlident rtactioui in (eli-

frte lvnuphit Ibhtst ext u’act s. ITiider the hit I ci.

(Olidi t it II is, In I\Vt vt r, i it I imitm.t must i n sjnti fit

tt(t i vit y t If ci t hitm tnzy lilt I ins been Ibs VV( d,

(V(li ��Iteui t lit siibst nil ( (� inctmut ratn)ns are

incrtast(l I t I t IVtIit hilt I )t It (lit iIt! c inuptt it it Ill

by inhuihitllrs.

Neil li(l� t lit incrlastd st ahuiit V t I I litrniia!

iiiatt ivat it Ill lit Ir t lit l 155 1 If ct In(elit rat II I�

OXIPUItINOL INhIBITION OF PYRmMII)INE SYNTHESIS IN I�Y\IPIIOItL.-l5TS (1(13
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Fio. 3. Effect (if i,Ieubation- with oJipurimlol Oil

stability of orotate phosphoribosyltra a sferase and

orotidyiic (lCi(l ileearboxyla.s’e aelim’iti(’.s

Intact lynuphoblasts were in(ubated for 2 hr

at- 37#{176}in i)ulbecco’s phosphate-buffered NaCI

stilut ion Wit Ii t�r wi t hotit 0.5 oust (Ixiptirinol . In -

cubations were terminated by addititin of ice-cold

mediumuu, and extracts were prepared as described

in MA’i’EIIIALS �Nl) MF:TumoDs L- - -�., oro-

tate phosphoribtlsylt ransferase, ni oxipurinol;

A- -A, oxipurimiol added; 0- - -0, tlrotidylic

fl(id decarboxylase, mio oxipurinol ;

oxipurinol added. The baselimie spe(ific emuzynue

activities were: for ortlt-ate phosphoribosyltrans-

ferase, no (Ixil)urinol , 38 nmn(Iles/hr/nug of total

protein; (Ixipurinol added, 56; orot-idylic acid

decarboxylase, no (Ixipurimitll, 73 ; oxiptirinol added,
100.

A (upper). l)epemmdemice of enzyme a(t-ivities on

final proteimi (Ilmitent ration in assay. B (lower).

Thermal inact ivat ion (If enzyme attivities at
570

dependence of orotate PliosphonibosYltrans-
ferase and orotidyhic acid decarboxylase

activities after exj��isure to oxipurinol is
reversed by 2 hr of dialysis in 0.02 �u phos-
phate buffer, pH 7.4. Similarly, inhibi-

tion t)f tirotidyhic acid decarboxylase ac-

tivity is fully demonstrable followimug dialysis

of extracts from intact cells incubated with

oxipurinob. These findings suggest that the

factor on factors giving rise to both stabiliza-
thin and inhibitiomi are either tightly bound
to tlu emizvme coml)lex, poorly dialyzable, or

of relatively high molecular weight. In cx-

Penimemits iii whiichi txtracts \\.(-]�#{231}chromato-
graphed on Sel)had(x G-25 columns prior to

studies (if thermal stability or concentra-

tioni dependence of both emizymes (Jr the

pr(sen(e of an inhibitor of orotidvhie acid
dtcarb ixylase, stabilizat ion and inhibition
w�tre lost at least partially in all cases
(Table 3). \loreover, despite variation in the

magnitude of reversal of these effects, in

each experiment both stabilization amid in-
hibition wer( lost, and to comparable degrees.
A btiw molecular weight compound (such as a

nucitot ide derivative ( )f oxipurmol , which

may be only slowly dialyzable but more

rapidly rtmovtd frtim the enzyme complex

by gel filtration) could readily account for

both effects.
Gel filtration studies. Incubation of intact

Iynuj)h(ihlasts with (Ixipunimiol results in an al-

teratiomi iii the elutioui profib( of the emizynie
activities when extracts of these cells are
chronuatographed ( in Sephadex G - 1 50 ( Fig.

1). Orotidvlic acid decarhox�lase amid orotate

j)h( isphoribosyltransferase activities are

eluted together in identical fractions whiether
oxipuninol is J)res(mit or muit, but imu either
cas( the latter activity is nuarkedly di-

minished following gel filtration. Activities

of irot att phosphonibosylt ransferase and

orotidylic acid decanboxylase in extracts
from oxipuninol-treated ((lbs are eluted in a-

single jieak corresj)(Imiding to a molecular
weight of approximately IOS,000. These same
activities from untreated lymphoblast are
eluted later in the gel prtifil( at a l)oint (or-
responding to a molecular weight- tif ap-

proximat(ly 41 ,000. Enzyme from (ells
treated with oxipuninol and eluted imi the

earlier peak show slight but- definite inhibi-
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Reversal bi� Seph-adex G-25 fiulratioml of emlzymmie .s/abili:a/ioii and oro/i(li/li(- (Ui(l (le(’arbo.ri/luse

imi-hibitiomt reSultjflfJ from imlctLbatioml. of h L-iflOiI lymmz-phobia.s(.s with- o.ripurinoi

Lymphoblast extracts prepared as described in ii�’r�:am.im.s .iNI) METHODS were incubated in l)ulbec-

Co’s phosphate-buffered NaC1 with and without 0.5 mit oxipurinal and 0.5 oust PP-ribtise-P.

Extracts Orotate phosphorlbosyltransferase (()PRT) and Orotidylic acid
orotidylic acid decarboxylase (ODC) stabilization decarboxylase

-�---- - -- - ------. -�-----�-----�-- - inhibition’
Concentration dcpendence� Thermal stability�

OPRT ODC OPRT ODC

% activity 1 actiitv (;�;,

Control - 58 61 2 12 2

+ 50 53 4 13 2
Oxipurinol-t-reated - 98 92 43 99 85

+ 76 73 27 54 16

a Percentage of activity demonstrable with 0.05 mg of ))rllteln in the assay relative to activity wit Ii

0.15-0.40 tug of protein.
b Percentage of activity (lemonstrable after S mini at. 570,

C Decrement- in act ivitv demonstrable with 0.01 m� ( )�sI P in t he assay relat ive I II act lvii V \�lt Ii 0.1

mM OMP.

OXIPURINOL INHIBITION OF PIIIIMII)INE SYNTHESIS IN LYIIPEIOBL.-ISTS (lOS

Sephadex G-25
filtration

tion and great-er stability of oroticlybic acid

decanboxybase activity relative to the en-
zyme activity from umitreated ce!bs (luted
later in the profile (Table 4).

I)ISCUSSION

The effects of allopuninol and its con-
geners on punini( metabolism have con-

stitut-ed the major objects of interest in this
family (If chemical compounds. The recent

awareness that a! !opuninob derivatives in-

duce to a small degret (9, 10) in man a
chemical state found to a greater ext(nt in

the disease heredit ary oroticaciduria (30,
31) has Ii()\\’ direct-td attention to the (fleets

of these drugs on pyrimidine metabolism.

Orot-idinunia amid, to a lesser extent, or(itic-

aciduria art conistant a((ornpaniments of

allopuriniol and oxipunint ii admittist rat ion in

man (I), 10). Evidence that the abntlrmal

accuniulation of oroti(IiIi( timid! orotic acid

in tue urimue of j)atients treated with th(Se

drugs reflects a block in pynimidine metab-
olisnu has come from studies showing a

diminished c(iliversit )n of carboxyl -labe!ed

orotic acid to ‘4(N)2 Hi (x!)ired air (if Patients

t reat((! with abh Il)ttrilit i! �ir oxipuninol (14).

In addition, iii hiunuan fibroblasts, thu in-

corporation of [6-14C]orotic acid into nucl(ic

acids is diminished by incubation with ablo-

puninol (12). Our denuonstration that oxi-

purintil iuictibation r(su!tS in diiiuinished in-
(�( I�1)( hIlt B)I1 of t mt it ic acid , hut nt It of uridine,

into a(i(1-ilisOlubbe nuat(ria! ( )f liunuan bynu-

phioblasts confirms t lit drug-relat(d bli ickade
of �yrimidim1e synthesis in these ((115 lIlt!

localizes the iIlllibit(IrV effects (If oxipuriniol

nietabtibites t(i the twtl steps inv(i!ved in the

(onversitin of oroti( a(i(l tti t:)1P.

I’�vi(!(nc( thiat inhibition (if t Irotitly!n aci(I

decarboxviase a(tivitv ( Instil ut(s tIn site

of iiihiibitioii of pyrinui(IiIlt synthesis huts

((hut froni It vmlri(t-V of stui(Ii(s (9- 1 5). l”irst,

t hut� nuaj I IF (x(ret Irv j irt I(Iuct ft I! !t avi ng a(l -

niimiistmatitin (If a!lolnirilltll or (Ixil)urint)l

is orotidint rather thaii ortitic acid (9, 10).

Settlnd, stti(li(s tif (lunuica!iy sylithi(siz(d

(ixipurintl! I -nibonuclitltidt 111(1 oxipurinol-

7-nibonucltotide (IS) in(!i(at( tiutt these ctuni-

1)(I1lIl(15 itmt p(It(nt imihibittlrs (If tll(ItidVlic

t1(i(! d((arh( ixvlase attivity. li((tIitly high-

PrtSsilr liquid (hurtlnuatograj)Iii( :tlialysis of

tilt! liU(bt(Itidl( ((II1I(Iit (If i�:tt liver foiluiving

acinuinist rat 11 Ill (-If a!!t Il iitiiiio! hi�is rtv(al(d

the (Xi&it(Il(( (If thits( t\VtI Iiti(!totid(s (II

(Ixipurinti! (5). ‘Flu 1(5(1115 (If our exptri-

ments ivithi }iunuuani lynu�)hitIblastS, as ivc!1 as

prior st U(lieS of inimati trvt hrocytes ( 13,
14, 1(1) 111(1 fibroblasts (12) and of rat

(rythrtl(vtes mimic! liV(r (I I ), iIi(!i(ate that thi(

geiuerat it II) t If an inhibit ou. t If I Irot idvlit at�id

decarbt ixvlase activity is (I(l)(ndent on 1�!’-



20

(8

(6-

(4-

z

3

0

(2-

(0-

8-

6-

4.

2-

30 40 50

VOLUME (mt)

Cllntrol 55 0 32
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treated

‘5 I)ecrenient in activity demonstrable with 0.01

fliM OMP in the assay relative to activity with 0.1

mM OMP.
‘5 Proportion of activity demonstrable with 0.01

60 70 aug of protein in the assay relative to activity with

0.10 aug of protein.
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Fi u . 4 . Ellt I 11)11 proJiie ti_/ h u moo ii oroti(/yiic (i(i(l

(i((-arboxiJla.se l)eforc (#{149}- - -- � ) (1 /1(1- (If/er (0-------0

4 hr (if zmIeltb(IIII)mI of i � cells’ nit/i 0.5 mml.1r 0.11-

purinol

Cell extracts were prepared as described mi

M .�L’F:RI ALS ‘N I) it LTImoDs, except t lint fimial cell

tlemintity was (1 X l0�, miil prior to freezimig and

t hmtwimig. Equal amiitiiints of proteimi in dialyzed
extract-s were applied ‘((I matched Sephadex U-iso

(tllumnns (33 (iii )K 2.3 tmii2) (quilibrated wit Ii 0.0)2

M j)t)tassiuni PhosPhate l)uffer, pIT 7.4. The en-

zymmies were ellited at 7 miii hr, amid 2-miil fract il/US

were tolletted . 1’iizvmue itt ivit ies were deter-
nuimied as (les(ribed in the text , tising 100)-25() �g of

I)r(Iteiti iii the assays. \(Iid vllluniel (If the colummis
nimltche(1 within 0.25 mid as determiiined with blue

dext rami . N-Ioletlmlar weights tif t he earlier and later
1)titks (if eluted lIrIlt i(lVlic acid dttarbllxvlase a(-

tivity were estimnated to be 10)8,0)0)0 amid 41,(8)0),

respett ively , liy (alibrat ion of t lie colummis with

(liyfli(it rypsinog(n , treat imie kimiase , and (at alase.
The activity (If (IrIlt ate pli(Isphtlril)osylt ransferase

(not shown ) was clot ed iii t he sntmiie fract ions as

tlr(It idylic a(’i(l (lecarl)oxvlase iii each case , bmt
%�,as markedly r(tltmtetl fIIllowimig gel fill rat mu

nibose-P ttI3(l tixipunintil. .A..ppautntly this

inhibitt)r is rtspomisiblt ftir imlhibitiIIi of

( Irt Itidyli( aci(! de(arb( Ixylase ft I!l I\ving ad-

nuinistrat tOIl t If al!opunimi 11 tim oxipurimi( il
both i-it- i’lV() ((lid! �il. i’itio.

� niohecular basis of the tlxipurinol

nibonucleotide ilihiibition (if orotidyli( acid

decarboxylase activity may be an altera-

t-itin in thud strutture (If th( complex etimi-

taming tirotatt phitlsph(IribtlsltranSferase

T.tmim�F: 4

(-‘harat(eristics of orotidylic acid decarboxylase

activity from oxipurillol-/reate(.1 and untreated

1gm phobias/s following Sephadex G-150 filtratiomi

Characteristics of the Sephadex G-150 column
are described in Fig. 4.

Cell source of Elution volume Enzyme Concentration

extract of activity inhibitiona dependenceb
peak

,nl ‘

aiid orot idylic acid decarboxylase activities.
Our findings in human lynuphoblasts con-

firm those of Brown et al ( 1 1 ) imi rat liver in

the demonstratiomi of altered gel niobility

of orotate phosphonibosylt ransferase and

(irtitidylic a(id dtcarboxylase activities fol-

lowing incubat ion with oxipuninol. ii ad-
dit it/mi t(I t lit altered quatermiary structure

result imig fronu exposur( to oxipuninol , in-
hibit ion of oroti(!\’lic acid decarboxvlase

but mu it t irotate 1)hosl)h(inib( isyltransf erase
activity is denuonstrable, as is stabilization

I )f bt )t h enzyme ti(tiVit its. These findings

suggest that omue or both oxipuninol ribo-

mititltotidts alter thu( stru(ture of the enzyme

conupl(x t(I produce an aggregate of about
3 times thue molecular weight, imuhibition of
or( itidybi( acid dtcarboxylase activity , and

stabilization of both activities to imiactiva-

tiomi. The time cours( (If thue effects resulting

from iuicubatitin of lymphoblasts with oxi-

purinol indicates t hat. inhibition of orot idyhic
acid decarbox’vlase amid stabilization of both
( ,muz�’ ira 5 art probably synchronous events,

neither (if �vhuichi is readily reversible by
dialysis but both of which are at !east

partially r(versibl( by fi!tratitimu tn Sephadex
(;-25. Thuese fi�idimigs Sup�)tirt- a �onimon

nuob((ular basis for (ir(itidvlic acid (hear-

boxvlase imihibition, thit stabilization of both

enzvrn( a(tivitieS, and the huypothiesiztc! in-
creast in (legr(t (lf aggrtgation of the (irtitate

l)hi(isph iribosyl t ransf rasc-( i�( It idyhic acid de-
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arboxylase complex resulting from oxi-

urinol incubation.
Increased activities of both enzymes have

een reported to follow the administration

f ahlopuninol or oxipurinol (13, 16) to hu-
ans and rats (1 1 ). We have observed a

oordinate increase in both enzyme activities,
amounting to somewhat less than 200 %,

following the incubation of intact lym-
phoblasts or fibroblasts with oxipuninol
(Table 1 ). The rapidity with which this

increased enzyme activity is observed in
lymphoblasts and its apparent persistence
in the face of inhibition of protein synthesis

by cycboheximide suggest- that the increased

activity may reflect greater stability of the
enzyme activities demonstrated in vitro

rather than increased new enzyme synthesis.
Since the enzyme activities reach maximal
values within about 3 hr and remain con-
stant thereafter, a diminished rate tif en-
zyme catabolism within the intact cell also

seems unlikely. Stabilization of the enzyme

activities to partial inactivation during cx-
traction from the cell could explain these
findings, although other explanations can-
not be excluded by these data. For example,
a previously inactive, high molecular w.eight,
more stable form of the enzyme complex

could be activated by oxipurinol or one of
its metabolites. While this latter mechanism
would require the normally active Species
of the emizyme complex to be inactivated
simultaneously, distinction between these
two possibilities awaits demonstratiomi of

interconvert-ibility between the two molecu -

lar weight forms of the enzyme complex as

predicted by the former mechanism.

Activities of orotate phosphonibosyltramis-
ferase and orotidylic acid decarboxylase are

comparable in normal lymphoblasts amid imi
lymphoblasts severely deficient in the tnu-
zyme hypoxant hine-guanine phosphoribo-
sylt-ransferase. These findings also extend

to fibroblasts and peripheral blood leukocytes
(28) and stand in contrast to the increased

activities of these enzymes reported in

erythrocytes from patiemits with severe hy -

poxanthine-guanine phosphonibosylt-ransf(r-

ase deficiency (28). Similar increases in

adenine phosphonibosyltransferase (EC 2.4. -

2.7) (32) and inosinic acid dehydrogenase
(EC 1.2.1 .14) (33) have been reported in

hypoxant hine-guanimie l)hosPhonibos�bt ranus-

ferase-deficient erythrocytes but not- in other
tissues examined for these enzymes (33, 34).

The relationship among the incrtased
molecular weight of the orotate phospho-
ribosyltransferase-trotidylic acid decarbox -

ylase complex, the stabilization of enzyme

activity, and the inhibition of orot-idybic

acid decarboxylase activity provides an in-

teresting insight into the pharmacological
effects of allopuninol and its derivatives,
which appear to alter purimie and pynimidimie

simultaneously, although by different mccli-

anisms. The extent to which similar mobec-
ular mechanisms may underlie the phuarma-
cologictil effects of other drugs wit! Itli-

doubtedly be of interest. The present studies
demonstrate the suitability of human !yni-
phoblast lines iii tissue culture for extending

these studies and suggest that such a syst(m

may bt useful in the study of oth(r (1mg
effects in mami.
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