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Si- it it.A�Y

A honol)arafi mui ( if nibOusIlCliOf-i(l(’ no’duct as(’. mo ins Ehrhicis ascites cells, free 0)1 f isv nuuidim ic

idnuase activity , cat-al\’zts f he It mrmabioons oof 5-fluonodeoxyunidimio’ .)‘-monsophs(osphat(’ fro ins

enuzynusat ically synst-lsesizcd 5-fluoorounidinse .i’-dipisospisate. The prom(ltsct of t Ise react-it ins was

idenstified by iaIer cisronuat(mgnapisy before ansd aft-en dephospisorylat-ions ss’iths snsake vomsomnu.

The K� for 5-fluorounidimsc .�‘-diphosplsafe ins flue reactions is 0.072 m�n. Expenimeusts ss’itls

several colt lirses ins culture ro’pomnted lucre, as well as studies reported earlier, proovidc sul)poonb-
insg evidensce b hat-, in soonse co’lis, b he biomsynthesis of .i-fluorcmdeoxyunidimsc �‘-nuo)no)piuo mspluate

fronu .�-fluorounacil inuvolvcs the insitial10irnsatiomu o of niboonsucleotides, follomw’o’d by reductions to

the dooxynibo mmsuclosot-ide by nibomnuucleomtide reductttse.

nNTROt)UCTtON

5_h’luon’ounacil ss’as ‘Ot’tst-iut’siz(’d its 1957 b�’
Heidelbon’gen amid co:m-ss’orkcrs (1), anud tue

unucleosidos (Of I’Ura,2 1”Urcl anid 1’ oiL nd
ss’ere made available a shso)nt- tinse later (2).

Subso’qiionf- (xpcrinsensbs in 116(1 anud in

vitro shsois’o’d t iuat f hso’so co onupoutuds wore

l)(ow’crful inshibitors iii h)XA synuthsesis atid
thuat flit’ primary sit:o Oil aCtions ss’as bhi(
enuzymo fhsynuidylatc synfho’faso (nuscfhsylo’rso’

This ivuom’k sva,s suppoon’ted ito bunt boy ( ln’amots

(‘A-7175 amid (‘l(T\’ -500)2 lroooii 0 lie Nat ioomual (‘limiter

must itute, Unuitcd St ates Public Ileoittbi Servio’e.
1 Anoieri(’ano (Ninmo’er Smoo’io’tv Proolossoor oil ( )no -

0,0 oto)gv.
2 The abi mm’evi at imotis iuso’d are : F tOrn, 5 -fbi rumuno-

cii; FUrd, 5-fluoroouridimne; F1Trd-5’-l#{176}, 5-fluomromuri-

dinne-5’-rnnoumooophoisphate ; Im’IJrd_5’_PP, 5-flumoromuri-

dimue 5’-diphomsplnatc; F1Jrd-5’-PPP, 5-fluomromuridinoo’

5’-t riphospbiate ; FdIJrd, 5-fluoroo-2’-deooxvioriobinme

I”d[rd-5’-P, 5-fluorom-2’-dcmmxvuridimoo’ 5’-mnomuio-

l)biomsPhate; PP-riboose-P, 5-phomsphooribioosyl 1-pyroo-
1)h0 osphat e; ole It ib-1 -P, obo’umxvribo se I -IihOost)hat o’

ltib-1-P, riboomso’ 1-phoostihate.
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tefnalsvc!nofolate : dtTM P C-nuef-iuvlbranssfen-

ase, EC 2.1.1b) (1, 3, 4). “[he insisibitioms

oil tisis cnzvnsc by blue .T’-deoxynibousuCleo-

tido’ imf FUra, l’dUrd-5’-P, was first domo)ns-

strafed ins a cell-free system by Coko’ms et at

(5) , ausd lsas beets extensively studied by

Heidelbengen annol co-workers (6--S) Iii

additions, Coisets ci at. (�) sisomiso’d that

t”dI”nd was piiomsphsomnylafo’d by b-hsynnidimse

kiuua.sc (ATP : t is�’midiuue ;i’-pisospluot nanis-

ferase, EC 27.1.21) to i”oiUnd-5’-P. This
fact , cO)1sl)led is’it-ls blue demnoisstration by
Sk#{246}k! (9) that l”Un’a ama! 1”dljrd were

readily instercconsvo’nted by unidinue phuos-

l)honYiase (uniditse : onfluophoosphate nibosyl-
fnauusferase, EC 2.4.2.3) Inions F�lsnlicis ascites

cells, suggested cmnuc route by svhichu FUna

nuight be anuabiolized to tise active insluibit on,
l”dUnd-5’-P (pathsw’ay A, Fig. 1). A secousd

possible pathw’ay loon activations of FUna
iusyolvo’,s coonvo’rsioouu of FUra b-cm F’Und-5’-P

eitiucn by conusecutive neactioons inuvolvinsg

uridinse pisosphonylaso (10) ansd unidiuse

ki nuaso (A”fP: uni(iini( .)‘-piso msplsotranssforase,
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FUro -* FUrd�FUrd-5#{176}-P�±FUrd-5’-Pp -> ‘-*RNA

\ (FdUrd-5’-PP)

FdUrd�±FdUrd-5’-P

I’1�m’oo

I”ETm’ol

I’d! ‘nub

lm’I’rob_S’_Im

I”ol IJm’ol-S’-I’

l’ITm’ol�5’_l’I’

l”l’tol-S’-PI’I’

Rb’

0.66

O .64

0) .o�)

0.33

0.42

0,19

0.13
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1” mu� . t ,-l lbo-i’,om,I omu- poi/humi !/-‘t /‘mml’ -maoi’m-rn! ummo

/“( ru boo /“o/( ‘ro/5’-P

lmX� 2.7.1 .4S) (I I ) tot’ ohim’octlv by a pisoms-

1)hitmt’il)omsYlt n’amu-oI(t’mts( ( I 2) . l-’l’m’tl-i”V- I � is

tlsoms loliumstmlioit’ylnLto’ol tom l�’l.’m’ol�.”V�l#{176}l)(13),
l’t mlluss’ ‘(I b�’ n’o(�iuetio mti 0of 1’ tn’d -5’- 1� I � tom

(lOtOXyt’il)OitIti(’looititltSilt n’ihumniincloomtitlene-

oluctaso (tmathss’av B, l”ig. 1 ). “l’lso f’oon’mssn-

tiomto oil’ l’t1tJn’ol-�”’-P f’u’ommis l’lJn’tl_5’_FP lunos

too it- boemi diu’octlv olomsso omisl-u’atod , alt hiomughi

it hints boon ztssumiieol (I I , i4, 15) that l”I’n’tl-

.5’-l#{176}I#{176}n’o’oiut’tl(itl Iit’0m1)tti)l�’takos tolaco, simuce

flit fluout’imsatotl l)Yt’itsiiolimuos n’oat!ilv umsolomguo

I iso sutmiso n’eactiomnis most tit’n�’il ansti its olonii’a-

tivo’s (14).

In this bmltIi(’m’ 55-0 Imt’O’sttut o’i’ioio’mut’o’ that

1’Im’(l-)’-l#{176}l#{176}is u’o’olucool to) I’dtm’oI-.m’-I’

i mu Jmt’o’pam’at io it 15 0if’ Jm�lst’lic.hi asci I os ct 1Is

svluieliIinti’eb’emi f’n’o’o’oloilootscoiltist (nszvmsu(’s

oil’ hmtttliss’ttY �‘ (1’ig. 1). \Vt’ Isavo studio’d

soitiio’ oil’ the lmm’ooPem’fioS of this n’o’oluetiomui

amsol oxansuimsos! m’ooiuctaso levo’ls imi f’us-’ocoll

limit’s mi cult-un’o’, t svoo oil’ svhiicls an’o m’o’sistamst-

tom I(ltTnt!.

_sm_-�’i’Emtm.-�L5 .-� N I) it Nut toDs

( ‘Ioemio i(’(lI,’-,’, I0i�l-l � 1’ t 1�t’�� 55105 ) nmm’clsasotl

I’m’ommii ��issom’slintmsi,1So’am’lo’. �‘i-mi1 I(�l)1� ansti
(�_:m I I II ‘ I ) 1� svo’t’i u�bt tO nuo‘0 1 l’n’ommii SrI issat’z/

\Inmims. I2-#{176}’(-�Il’t’m’asvuts jon’eioat’eolins this

labomratoot’y (1 1 ). Ilomllmsiamimi- I�nt l�ouchio, Imic.,
go’nuet’ musly �n’ iVi(Iot1 12_0-i( � � 1”ol I ‘not H.ni(1 soIl

utulmttelo’olfltuoom’imiatotlliyt’itisiolimues.��ll umtho’r

o’l oomusit’nls svo’m’o’ ombtaim it’d Ito mi no otsstiitt’cial

soot mt’s. TI it’ m’adi ooem musical IOU t’�I v iii’ laholco!

cmmsiimomunitis ss’stS oiott’m’tiiimittI too 1)0’ gm’o’ator

thians 9� ; by i oaj ion’ olin onsuat oogt’a� ilsv and
suhsoo uo’mst amual\’sis svi t ii no radio oclit’u oussat ii-

gm’mtnssstat itiou’ (I #{176}fl(’kitt’tl)

J��( ‘�.�/_,;l/)J) �‘�jnt1oei’i’�. 6�Il 11 ‘t’tl-5’- PP

svas symithso ‘sizod 1mman I ( i��I I 1’ 1 ma by a t Woo-

st-oil tm iz�’ niuat-ic itO 0(0 0101tO’. -� II 1”1 ‘ma ss’as

coimiolomised witlu P1#{176}-riboiso-I5 too givo’ lUnd-
.Y- P i mua no not io mu cnt-alv zoo I 1w u� I my ni nuuitli nut

I)hiomsPiiomt’ibosyltn’amos!om’aso lootsuid ito soiusso’
mnamssmisalians o’o’lls ( I 2, 1 6) . ‘I’lse enuzytuso’ ins
t lus itustuLmict’ \VstS dcn’ivcol li’onui Imhirlichs

soscit es coils. ‘flit msso’tlsod oil tmszvnsso’ pu’epa-
mat ii mmi an it! t hue in it t tbatio ins I )n’omcedumo SV( ne

t hose o if’ I�’�’cs ( I 2) , o’X(’01)t t-iuat t ho none-

t it)ti \‘O ulumsse w’as imscno’aso’(I to) 1 usul a.tiol flue

t iniso’ o if’ imicubottions tom I un’ Ion’ pro’l)anati\’e

�uni o osos. ‘flie imicubat ioons unixt uro ss’tss
clirumtssatomgt’aphset! oito shoots of \\‘hiatisuans
Nom. 40 1)Itl)(’n ins soolvomut 1 (Table 1) .

11 ‘u’d-i’V- P ivas tinted inoonsu the omnigimi ss’it hu
ss’at en’, ittitl the so olut iomt i sins lyo mphsi Ii zo ‘(I.

,i� 1mam’tially I)tmu’ifio’ol , hio’af--stable I ohmospliom-
tiamisf’om’aso ln’omss nat livo’n’ w’as 1150(1 tom

l)O’el)utr’t’ l”1�n’d-5’- PP f’n’ounus I’lTn’d�5’� P, as
oloscm’ibool by \lal(’)’Cl (11. (17). ‘fIst reactions

iin’omoiucts 5Vtt’t’ adsoon’bo’tl oomsto a 9 )< 1 .i.i cuss
t’O)ltttlsti oil l)I’�AE-cellulomse (Gallat’d-Scliles-

imigo’m’), pn’o�ianod accoom’dnsg to) Pcten’soimo susd

So oho’t’ (15), and olutool is’it-h 400 usl of a
limionom’ graoliomit oil trio’thiylanunusotsiumn hicau’-

bmmsato, p11 5.0, 0.1- 0.2 so. The 1’i’u’oI-�’-PP
fractioumm was lvophsilizo’tI unstil all traces oil

floe vomlat-ilo’ butTon 1usd beeni n’onssomvod.
I�omt-Ii lmsbo’lo’oianal omnslabolo’l 11t’tl-’-P1�

‘1’ i mono-: 1

/�‘,,‘ tt(1/000.’t of ,flmoomi’i,ouboil piim’lmiO imlo,mm-.n 110

oIl 10100 ubu#{231},ra plo�/ ,soo/o’o’,o b,’-t

‘I’bu’ muuolotbooIo’oI o’uomnubouottmoobs %%‘dt’t’ totmoot toab monO

sbuo’o’isuol \VbiotimuioinoNo. 40 I000I)O’n’atod obo’vo’boopo’ol

iv ut Ii t boo’ i tool moo I o’oI o-oootvonoi 4 loom’ 010o4o’(’tiobi tog o’bio’o-

nuiouI 0 ogt’oo J)IuV - ‘l’buo’ ‘i otuiliu in m014 %%‘O’t’O lo 00’ 01 t 0(1 1i\’

oil t m’ouviuuto’t 1 iglut . So olvomit I is 1 but’ I 010 toi�-em’ of t

t%%’uu-Iibuou,’.te -u\o-otomni o’u)nu’mio-ot omog of of lu�I :uo’ot otte,

ivottom’, ottuol foomtiiio’ ao’iol (O’ot):35:5). Sooivo’mot 2 is

o’lhoomouol, 5 ii 0 muimu000noitumiioio’o’totle (iii1 0.5) , sootu-

mooted sooolioinuo tot m’oobmuon’oito’, oonool 0.5 sn El )TA

(11:1:4:0.02) - Sootvo’not 3 is 1-loin) otnoool , not’) motie,

foot’�io’ ouo’iol, amoul 55#{176} umoonnoonuionmoo loon’mmioute

35:25:15:25).

Somlveto 0 So olveut Smobvemi t
(ouniotimmumiol 1 2 3

1)63 0)-tO

0.31) 0)22

073 0.35

0.05 0.02

0)21 0)0:3
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ss’t’n’o’ Pno’l)ant’d this ss’a�’ . Tlivmidinso’ kinsase

( 19) ansd nsucleomside PliosPho)r�’laso’ (20)
ttssavs liaVi� beets described.

I? ibon i� (‘leoti(le l’e(lsu’Iase assays. “I’iso’ i ms -

cubatio ins uiixtune loin all assays co mmstainso’d
tlso’ lomlloow’insg conuspomnso’msfs, based oonu flit’

I)noico”(hsno’ t�ii Lansso)us (21) : .�V-2-iuvdrooxv-
o’tli\’lI)iI)o’nazinse-�V’-2-etlsanscsuIlo)msic acid,

PH 7.6, 100 nut; ATP, (1 msi; nsagmsesiunus
aco’fafo’, 6 msm ; ditlsioo’nyb-lstitooi, S nut

somdiimnis fluonido’, 5 nusso; amid lcn’romus anu-

nssommsiunu sulfato’, 0.02 tiLil. 1”omn assays tom

nut omsitoon cuszynse purifications , the ro’actio)n

volun’io’ ivan 0.2 issl amid flue substrate svnts

0.4 nust [5-3H]C1)P, 50,01)0 dpm/tubo’. 1mm-
cubatiomms w’as carn’it’d tint at 37#{176}for 30 mains

w’iths flit’ inuit-ial 1()(),000 X g supennsafatut

fractious (53), anid for 10 isuins with lnacfiomus
subso’oiueuuf lj1�’ mbtainscd duninug f hue i)tnnifica-
finns. ‘fist reactions was stopped by tluc addi-
fiommi oil I .0 nil oil 1 st pt’rchlonic acid. Pnoid-

ticts w’o’ro’ Scpan’atO’(l oms Dow’cx 50-H�

comlummis a-ccomrdinsg too \Ioomro’ (22). Omit’ unuit

0)1 cnszvnso’ is !o’fined as the amouusf tluat

is’ill neduco’ 1 miuusole oil CDP ins 30 mini.

1(mr t’XI)et-imenifs ots blue neductiomnu of

l”Urd-5’-PP, tlsc volunue was o)rdimsanily
0.06 ml, anud t6-3H1!”Urd-5’-PP (165,000

dpm/t-ubc), [5-3H}UI)P (107,000 dpm “tube),

tin tS-3HICI)P (S5,000 dpns/fube) w’as

presemst at 0.1 nni. Inicubat-iomus were stopped
by imnso’nsio)us it5 a boiling water baths loin
2 mini. Snuako’ vensons (Crotatus �ia?1saboleoIs,

Sigma), 0.2 aug ins 0.04 ml, ss’as added to

depisospisumnylato’ uuuclco)tides. Alter 90 nuins
of incubations at 37#{176},0.01 nil ol (15 #{182}tn-

ciulonacetic acid was added, and tho’ prom-
tern pnccipitate \va�s nemmved by co’mstnil-

ugatiomms. Ans alitiuomf- oil 0.05 nsl ss’as clui’ou-

nuiatographio’d ons 1-imichs sfnil)s of \Vlsafnuams
Nom. 40 pai��’r its soivo’mut 2 (“Fable 1). [�mu�
labo’lo’d deo mxy nib )nuucl(’( mside is-as na ldo ‘d

i)nioor too cisromatogna�)hy. Tiuc deoxynibom-
nsuclo’osido’ spot uvas located snider aum ultra-
violet lanup ansd cut out Irons the clunomnuatmo-

gram alto’n do’v(’ltopmenst, o’luto’d w’ifhs I nil

of 0.01 N HCI, anud comunuted ins a scimstilla-

tions comunsto’r (Packard) w’itls Sciust isool

(Isoilab, Imsc.) as fise comunsfimsg nso’diumss.

Ins the (ioublo’-labcl o’xpo’t’inscmst its ssisicls

[2-’4C] 1”Un’a, tin [2_04(1] FdI�rd is’as pnoso’mit ins

additions boo 1(i_3H1 l”IJnol-S’- PP, the no’aetioumi

s’o)lunuc ss’as 0.12 ml, tsmuoi ths(’ ro’act-iomts ssnts

(luensclued ss’itlu 0.0! ml omf (15 � tniciulooracetic
acid. Duplicate 0.05-ml aliquomts ivo’no
clsroonsatogna�)iucd in somlvo’mst 1 . Nuclo’tosidcs

ams(! bases mign’afo’ readily ins this soilvcnst,

is’hsilc nsuclcobidcs no’nuainu at flit’ umnigits.

�\Iab-criaI at flue oon’igins ivas (‘lufo’d with

is’afen, lyompluilzo’d , (i0’l)iuOsI)huo my lab ed ss’i tim

snuake vcusonu, amid cisno omafomgrttj)hso’ol ivit is
soolveust- 2 as do’scnibo’t! above.

kSt-udies on- (‘C/is l/i (‘ulluI’e. “l’hse HeLno,

NS, NSF’, ‘V’, amsd B!” cells ansd flue nsso’t-iio oils

for gnow’insg t-lscnsu lsavo’ boo’nu (!escnibo’d pro’-
\‘iO)Ilsl’)’ (23), except that the FIo’Lni co’lls

ss’er(’ �i’t)iS’t5 ins suspo’tisiomms cultures ss’itls

spimstser miusinual (‘sscnstial nuediuns sin�oplo’-

nuensb(’d w’ith 10 #{182}� fetal call so’ninns toti(i atibi-

biotics.
Tise co’lis isen’o’ comllo’cto’d dinning the Itiga-

nitiumic pluase by ccuufnilugat-iomns at 10,000 X

i_I. “I’tj o’aclu granu oil cells were a(i(iO’tl I .5
\‘o)lumcs of 0.05 st Tnis-acefate buffo’r, pH

7.6 (buffer A). “Fise co’lls ss’crc huoonuogctiizeol

ivitis a \Vi!!enss l�m1�’tnomnu iisstnunso’nst amsol

co’ustniiimgo’d at 100,0()0 X q Ion I hun. ‘Flit’

supermuataust Inactions is’as stomned at- -- IS#{176}.
1�nz!Jmne /)-u1’lti(’ation . All o mpo’n’af it otis w’o’n’o’

cannio’d omuf- at 0-4#{176}. l’�lsn1iclu ascito’s co’lls
ss’ere isanvcsfo’c! ln’omnu Sis’iss mice S olavs

alter imstrapcnit-onscal inujectioms oil lO� coils.

TIso co’ils w’o’nc co’ustnifugo’t! at l0,()0() X q

for 10 nusins, flit’ ascites fluid is’as ncnsoms’o’ol
by a�opinafioons, ansd th(� cells is’ene susjocnsolo’ol

ins 1 .5 voolunso’s oil buffo’r A. “flue co’lls w’cro’

disnuptc(! wit is a Po oI�’tn ins anal co-unit nifugo’d

at 10,000 X ri fmmr 10 miii. The supo’nmsatanst

fractions ss’as ceustrifuged at 100,000 X �,‘

Ion 1 hr (53 lracf-icmns) ansd was omrtiimiarilv

lromzo’ns prior too I)tnnihcafions. At- tisis stago’

f-lit’ neductaso’ activity was stable imudo’ii-

nsito’ly . 1(i cads 100 nil o)f 53 w’o’no’ adt!o’d

15.4 nssg (100 �onsoilo’s) of dit-hsiomtlsrcitoilamid

11.4 g oil somlid ansuuuomnsiunu sulfato’ (,\Iammni,

sI)ecial o’mszvnuo’ grade) to) givo’ a 20 � satu-

rated so)lutio)ns. Tiso’ solutions ivas go’nstlv

swirled until thso’ salt- dissolvo’d, aust! is’as
a-llomw’o’d too static! loin 30 nuimu with peniooo!ic

agitafiomms. ‘fls(’ sparse I)no’cipitabe ivan no’-

usuovo’d by censtu’ilugafioms at 10,O()() X y

for 10 nuts. “Flit’ supertiatanit- fluid svas

broingist to) 40 ; saturatiomns ss’itls amnuommsiuns

sulfa-to’ by thso’addibio)nm oil 12.3 g oil thso’ salt
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-t lTmupuiboImsbio�d oobsen’vu.tioumos.

to cads 100 ml 0)1 solutions. Alter f-hue am-
nuoniuns sulfate huad dissolved, the soluf-icous
svas allowed to) st-atsd Ion 1 hr. Tiso’ i)rO’ciPi-

tate ss’as collected by cenutnifugations nsf 10,000

x �, Ion 10 mini and dissolved in 20-30

ml o)l 0.05 sn Tnis-acefafe, pH 7.6, 1 msi

ins dithiothneifol (buffer B) . This somlutions

was dialyzed Ion 10-12 iun ins 100 volumes

of buffer B, anud is termed the ammionuium

sulfate Inactions. The recoven�’ of enszyn’se

activity in f-his inaction was ordinarily

120-140 � , imudicatinig that tim 53 Inactions

contaimso’di ats inhibitor.

“l’o cads milligram of pno)to’ims ins flue ansi-

nso)nium sulfate Inactions ivas added 0.4
mg of a calcium I)liosl)hate gel (35 mg of

solids per milliliter of gel) prepaned as de-

scribed by Keilimu anud Hart-ice (24). The
nesult-insg sUsI)O’niSioni w’as stirs-cd for 1 hr,

after w’isich the gel ivan collected by cemu-

tnifugatiomms at I 100 X g for 5 nusin. Tlue gel

w’as o’luto’d t-hsnco’ tinses with 3-4 ml of 0.2 so

l)hoSpluato’ buffer, PH 7.0, 1 ti’1M iii dithio-
thncitol. The cluafo’ w’as dialyzed for 6 hr
in 3 liters of buffo’n B to) give the calcium

1)150 msphate lract it-ins . Recovery of activity
from fluis fract-ioms (often exceeded 100 �,

based tins flse 53 fractions. The dialyzed

calciuns I)lst)5l)luafo’ lm’actioms is’as comusccus-
tnated to) 4-5 ml by spniniklinug dry I”icoll
( Phanmacia, Inc.) directly omsto the dialysis
bag. The o’onco’ntrnsted matt’n’ial was o’arclull\’

placed ons flue f-OI) (Of a 100 X 4.5 cm columns
0)1 Sepluadex G-200 (Phsarmacia) anud elufed

Irons the colismti is’iths buffo’r B. Tiso’ flois
rate ss’as 25 nil/un, amud fist’ hydrostatic

pressure usoven’ o’xco’cdetl 15 ens. “Flue void!
vo)lumc ivan a�)promXinsatel\� 500 ml, ansd
reduct aso’ activity is’as (‘kited bet-iveen

640 amid 760 nil. “I’iso’ clufo’d material was

(‘Oticenstrated b�’ ultrauiltrat it ins, usinug an

Amicoms 410 apparatus is’ith a PM1O filter.
Prior tom ulfnafilfratimmmi, Plunomnsic 1”65 (Wyans-

olotte Chemicals) ivan added to a final

conceisfn’afiomnm 0)1 0.1 � (w’s’) its order tom

decrease pro of ems oIt’miat-imnat ions. The limsal

s’olumo’ oil’ thso’ So’pisado’x G-200 fractiooni is’as

4-6 ml. This sfo’j) inn flit’ ioun’ificaf-iomns is-as

acconuI)ansied by a substamitial kiss in nibo-

rsuck’otido’ ro’t!uctaso’ activity, ins tennis

bootis oil units oil enszvusu’ amsti uif specific

activity. Nevcnt lso’Io’ss, because t Isis proco’-

(luno’ cli uniusated ths�’rnidiuse kiusaso ‘, w’e
felt it desirable to subject the emsz’s’me

I-rePanat-ions to Sephadex G-200 chmrooma-
t-ognaphy.

Tho’ purifications procedssne foot’ nibom-

nsucieo)tide reductase fron-i Ehnlich ntscibcs

cells described above was itsto’ts(!cd to i

neduco’ on eliminate flue act-ivifit’s omf flue

enizvmes of pathw’ay A (Fig. 1). “Flue pun-
fications differs Irons, and is nsof nso’anly

as extenssive as, that- attainsed by Lansso ins

and Reichand (25) in Eschei’ichia coli amid
by Moore (22) in Novikoff hepatonsa.

Thuc result-s 0)1 Ofl(� j)ul’ificat-ions aro’ sisoivus

ins Table 2, and the separations of nibomiuclo’o-
tide n’educfase Irons thymidinse kinsase ansci

nsiscleonido’ �)huomspis(mrylase activities are
sls()s\’ts its 1”ig. 2.

Proteins was deternsined as descnibo’d by

Low’ry et al. (26).

RESULTS

F (‘i’d-5’-PP reduction b�j pul’lfie(l enzyme.
Pneli minanv expenimeists luad shomsvnu that

labeled FdUrd-5’-P could bo’ necovo’no’d whets

labeled FUrd-5’-P or FUrd-5’-PP svas mi-
cubated with the S3 fraction fromns F�hsnliehs

ascito’s cells ansd thse reductase assay mix-

tune.3 Thsc j)oissibilify remained that l’dUrd
5��J) ivas formed by initial dephuosphonyla-

tions of flue substrate, foollow’ed by p150)5-

phomnooIysis oof I”Unc! to foorm FUna, lmirma-

t-iimns of F’cIUncl by cooisdcnssafiomns ouf l”Ura
svibhs a deoxvnibosc doinsomn, amid I)homsPisonyla-

ti(mls (if 1”dUnd to 1”dUnci-S’-P. Exjoo’ninuemsfs

ons crude S:� lractionss, do’signued to distini-

guislu betsvco’ns the tis’o possible �)afi5\s’ay5,
w’ene eo iuivomcal . Accordiusgly , sit ‘ � )ant ially
purified b-Iso’ u’eductase as describo’d aboove
anud clinsinato’d nuomst of thso’ activity (of flue
o’nzymes of tlse comj)efiusg patisw’a\’.

The data ins Tablo’ 3 shsooiv that 1”Urc!-

5’-PP is directly reduced too I”dtjrd-S’-P

ansd is usoot dcpenudcmsf- oons flue late oof FUra.

This is moist clearly so’ens ins flue data fnionuu
tlio’ Sephsado’x (1-200 fractiommu, ss’huo’re the

level of t3Hll”dUnd-S’-P, mo’., I’dUrd-.m’-P

dcniu,’o’d frommus l”t’n’d-S’-PP, exco’o’c!cd ins

o’\’o’rv case the lo’vo’l oil 1#{176}4ClFdUnd-5’-P

c!em-ived froons 1”Una tin 1”dUnd. Similarly,

at a-ny sf-ago’ oil purihcationi (of fist’ o’mszvme,



Not oletectable,

S3 190) 4,920 9,750 2.0 21,000 4.3 675,000 137

(N114)2S04, 20��40m 49 1,940 9,750 4,9 7,400 3.8 256,000 132

Calciunn plioisplsate go’b 16 460 4,900 10,7 1,700 3,6 40,000 87

Sephadex (4-200 5.5 80 250 3.1 -#{176} -‘ 1,700 22

0

(‘J

d

TUBE #
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conversions tof FUnd-5’-PP to) 1dUrd-5’-P

was greaten’ f-hans conversions of FUna to
FdUrd-5’-P w’luens FUna ansd FUrd-5’-PP

wene incubated togetiser ins blue abseusce oil a

deoxyribosyl donor. Tiuese (!ata preclude a

mode of conversion of FUrd-5’-PP to l”dUnd-

5,-P which involves FUna as an iustermedi-

at-c. It is also seen from the olaf-a f-hat crude

Timon,m-� 2

I�,rbiul poori,fiu’ubium�o mmfribum,o oocleobidm: redooctase from .Ehrlich ascibe.’t u’ell.’t

Tue enozvnise purifications nusd enozvune assays are described under MATERIALS iND METHODS. mu the

reductaae assay 0.083 ml oil each imromteimi frao’tiommi wa.s used, The total volume was 0.2 ml, 1’Iso’ coirre-

spo)modinug vomlurnes were 0.025 ml O)f pruotein fractions ito a tot-al volume o)f 0,125 nil for the thvunidine

kinase assay amid 0,2 nit itu a total volinnie oil 1.5 nil fur the FdUrd phosphorylase a.ssay, The sul)st rates

were 0.4 lOOM [5-3111C1)P fomr the reducta,se assay, 0,4 mit [6-3IIJFdUrd foir thvmidimie kina,se, amid 0,4

mM FdUn’d fur the pIimmsphor�’1no-se aoosa�’, In nit assays 1 uniit is that anuoumut of enizvnie whit’h wilt pro-

duce 1 nunioole oof pnoiduct ins 30 nsini. Speciflo’ activity is umsit-s per milligram of pr(oteini. All inocubmatioms

t-iuises were 10 mimi, except for S�3 reducta.se ammo! Sephoodex G-200 kin&se and phosphoorylaso’ assays, which

were 30 mimi lomnig, All iticuhatiomis were carried ouut at 37#{176}.

Fraction Voilume Protein -

0)01 0)1/-u’

Reductase

Units Specific
activity

Kinase

Specific
Units .

actnvot\-

Phosphor’s’laso�

Units Specific
activmty

Fion . 2 , �Separat imito mof ribmomo mom-leo! ide rembmom-ba.-u-m- frmmmoo- bh //110 iuli,o m’ tin a-u-c a nub to tom-/moo-u i(IC pbomo.s’pbommri�Iu.-um- oofl

Sephaobo-x G-�OO
The cnbo’iuni 1)b50i81)Iiottt’ gel in�at’t juno i�’as t’omtit’o’tit rated ii’it Ii Fit’uilt t mu 5 n�l , (prom) cmi 45 mug unit) , anool

I avered toni ot 4,5 >< 100 (‘Iii o’oobiunimo oil Sepliotdex ( -2(X) equibib)rate(1 wit Ii bmifb’o’r 13 . l’nozyoiies wero’ t’lut cot liv

(tomwmiward floiw with b)utler 13 oil 25-30 toil hr amid os bivdromstat ic pressure ool 13-15 tins. ( rmups oil hour

tubes, 10 nit 5)51)0’, were l)000010’tt, amid s(mlid ammomnojuni sulfate wa_s added to 40� - sat oral ioomo, Tho’ pr�’�’i�-

i Sated p�’� it t’i to iirnos Co unio’enit rat ed t uma pellet by o’enot ri lugat im no, tlissoolveol i no buffer 13, amid amonolyzeol fu or I lie
t hree emizvnies (see 5m.iTF;mnm.im.s iSO M F;’m’fmommo�) , ( )moc unoit loon’ o’ao’bi oil t tie t bmm’(’e emo’/.vmmio’s 5 t boat moo limit

whio’bi wilt booms I nonioile oil tmn’ootlimctito30) mimi.



I#{176}ro’curs(or(s)

l’(btr(l-7’-P formation

Label , (‘atcium Scphaolex

S3, 0 mm S3 phosjihate’ G-20()

pmnmmlcs 3() mm-

04(

�11

�1-1
04(’

�I1

0 1 mum [3llJFtTrd-5’-PI#{176} -4-- 0.1

mtuit I#{176}CIFUr:u-4----1 roostdeltib-

I -P

to.! mnnim [J1I}FlTrd_5’_PP + 0.1

must [tm(’JF’dUrd
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- Tsmmm,m-. 3

(‘omnver,s’ion. of labeled preeoor.-u(mr.-u bo F’d( ‘rml-,5’-I’

The :oss:u v P� oo’eolu ro’ amud isolat lomi omf FdUrd -5’ -P are tleso’ribed u modem’ in �oo-: ts t � ms i Nt) it 0’m’It0 it)S.

‘flit’ assay was Im(’m’foornmoo’ol at 37#{176}fomr :30 minu wit Ii the 53 lrao’t ioomo, amool foot’ 10 mmiino wit bi t ho’ o’ali’ium pIous-

tobiateamoolSephuadex (�-200 fractiommos. There was 0.05mb oil prooteini bract ioomu ito a tout a! vmolumoio’ oil 0.12 toil.

0)1 m�n lIlI”trol�l-�J5
04(’

04(’ SI-I

(I.! mmo\m [all FI’rml-PP -4--- 0.1 lOOM

‘II”! Tru

3JI
o4c
i4(�:3Jl

<6 16 250) 220

<7 <7 <7 <7

<6 16 240 280

<7 <7 19

0)08

15

0.05

20)

160
S

245

270
1.1

240

72
0:3

<0; 22 260) 250

<7 32()

15

ll0’�)

4.5

24
0.1

o’xt mactn (if i’�hin’liclt ancites co’lls huai’o’ the

Ca�)aCit-y t(i s�’tit.huc’size FdUnd-5’-P from
FUnno sshsens flue (!o’oxyribosyl domson’ deRib-

1 - P is pn’o’st’mst . “Fhsis POitit is discussed later.

\Vo’ luai’e alsom msomt-ed ins prehimitsary o’xpeni-
nso’nsts blunt blsvmidinue was comnuiolo’telv

imso’ffectii’c as a dcoxynibosc doonsoon, ins

accomn’danico’ is-it Is o’ntnlien obsen’vat it otis (27)

blast I’lsrlichs ascito’s cells havo’ miom tIt’omxv-

ni ho isv lfnamsslcnaso’ act i i’ity.

I(leH lit11 (if Pro(/i1(’l o,j’ F ( r(I-:)’-PP l’e(IUC-

lioiii . 1”igtmnc :� present-s chsnomnusaf-omgnaphic

o’yi(!cmmco_’ 0)t5 tiso’ ideustit-v of tlue PrmodUct

oil tin’ no’tliucfaso’ ro’actio)ns. “flue radio mactive

I mroduct- nsigtatet! isit-iu nssanko’n Ft!Urd -5’-P
in soli’enit 3 (“fable 1 ) , svhicis readily sepa-

rates I”dUnd-S’-P amid I”lTra nibomnuuclo’ootido’s.

Alter (lt’p1st)s�)hso)rylations with snuake vo’nso)m

flu’ l)u’omo!uct nuuignato’d with marker l”dUrd

its su�mlvemst 1 , is’hich separates l’Ura nsuclo’o-

tido’s, l”Urd, I”o!Urd, ansol lm’Ura. It- ivas coons-
(‘lu(leol, thsero-’lmon’c, that Im’!Und_S’_P is-as

fist� Product of the reduefaso’ no’acfioons.

7’i,ne course of F � r(1-;)’-PP seduction.

1”igun’e 4 slsoivs thic’ ansounut of 1”dUnt!-S’-P

fomnnsec! ss’ibiu fimo’. The neactio)ms �‘t’locity

is-as hnsean for I S mimi but- deviafo’ol cm mnisider-

ably froonsu limio’an’ity by 3() mnins. All assays

for ss’lsichs linseanif-�’ is’as net�imiro’d is’ero’ linuit(’d

toi 10 ton 15 nun oil imscubatiomns.

Kinetics ()�f F f 1’(l-.)’-J#{176}P, (‘1)1#{176},an-(l (#{176}DP

0’C(IUCtio’)Il. Ins ondo’n tom 0)btails soonso’ nso’asure

of flue ability of nibomnsuclo’ootido’ no’ductase

to ro’duco’ 1#{176}’Un’d-S’-PP, ss’o’ penfoonnuo’c! a

substrate satuoatiomms o’xpo’niuuuemst svifh l”Urd-

5’-PP ati(l, for commusl)arisoinu, thut’ nuatunal

pyn’insidinso’ usuclo’omfide subsf-nato’s �l�TI) l� amid
(11)P. ligiire 5 is a Linsess’o-uavei’-Buu’k (28)

I)ltmt of blue data for tiso’ threo’ substrates.
TIuc K,,, s’aluo’s o)bfaimsed is’o’ne 0.072, 0.095,

ams(! 0.03 ussim loon I”Und-S’-PP, U1)P, amid

CI) F, ncspo’cfivel�’ . “FIst’ comnro’spoisdinug I �

s’aliics Ii on flue (‘xpo’ninso’nif- shomss’ns ins l”ig.

S is’t�’t’o’ 0.48, 3.7, ansi! 3.7 usmuutmlo’s of stub-

st-rate ro’duced l��’�’ � nuns loin l”Urci-S’-PP,

IJI)P, amid CI)P. Lan’ssous 5511(1 Bo’ichsard

(29) t)bfntim5t�(l K,,, values oil 0.22 amsd 0.04
n-vol loin UDP ansd Cl)P is’ifhu ro’ducf-aso’ lronu
1�j. coli. \Io)(mnc ati(! Hunlbo’nt, its studio’s of

thit-’ emiz�’nse frouss No myikoff lio’joatonna, re-

ponbo’d K,,, values 0)1 0.023 stti(l 0.067 nism for
CI)P atiil U1)P mi flit’ pm’o’so’nsce 0)1 2.1 nnsi

A”FP (30). It is I)erhsal)s nioott’ivoorthsy that

thso’ J”,,,, valtmo’s repoou’to’d hso’n’o’ art’ oil roughly
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the sanse order of nuagisitude for all thsnee

substrates but that the Fomoax 0)1 FUnd-5’-PP

reductions is onslv one-eight-hi that- of eitluer
CDP or UI)P reduction. It ss’o)uld be hazanc!-

- ,__ : 0 ‘�0 ‘ 010 � S’� - O� ‘1 ‘�‘“t’

�

B�

� !� ;�‘-‘� �

� �

0�

Fmo;. 3. Idenbiby of prOoIOI(’b omf btr(I-5’-PI’ re-
(l010’bjOfl -

The usual reob�oo’t a-se assay woos nosed, o’xo’cpt 0 lint

Oboe voolunioe !)�‘r tube s�’as 0.12 nil amid the emizvme

st’as t lie Ficoml!-o’oomucenot rated ca!ciunu phoosphate gel
fractiouno (54 unoi t s -tulme , 24 mmii ts-n1g oob Prooteimo )

“Fuhes s�’ero’ imocubmotteti fomr 0 on’ 15 mini amid quctucho’oI

-v�’ith 0.01 tool oil O’mS#{176}’t richlooracet it’ aciol . The emit ire
(‘otit#{128}’mit oub each t tube was o’hroououat omgm’aphed on

strips oil Whatmani Noo. 40 paimer mu soulvemot 3 (Toible

1 ) , IJnu I nobe!ed commoipo oil nods -ss’ere atldeol as nuarkers.

The spool o’oorrespooniolinog tom Fo1I�rd-5’-P ito panic! B

t�’as en I 0 out , eliot ed wi t hi wat o’r, !yompbiilized , amoob

olephoosphomrylat ed vo’it Ii snoake venuu ins i mu0. 1 nil ooh

buffer A. The dephoosphoorylottiouno reao’tioomi wa.s

oluenuo’hed with 0.01 ml of 65� t rio’hlomracet it’ acid,

amid the supernoost amot bract ioomi woos o’birumnsatmo-

graphed i no somlvemo t 1 wit Ii u milahmeleol fluomri nual etl

pyrinuioli noes.
,\., N�oo i mio’iobat ioomi, smo!vo’mot 3. B. 15-mni no i mucuhoa-

tiommi, soolvemut 3, C’. FtlUrol-5’-P spomt fromsu Panit’t 13,

dephoospbiomm’vlateol anool ehm’oomatmugt’apheol mu

soolvemo) 1.
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Time in minutes

� � ; - 4 ‘ ‘I, t iioe (‘0)00 r.�c o)f Pd (‘rd -5 ‘ _J) forPlo(zo#{176}muopo

The assni’ is dest’nihed umido’r im�’rm-:monsi,so AND

_it m-:’nloommms. A calcium PlioosPhate gel Ira-ct ioonu is’as

uso’o! boor tbuis assay (6.5 umoits ‘0.05-tout tulmo’, 15

lutoits 10mg oil prooteimo).

(0515 too omifer ass imstenprebatiommu of tisis ob-

so’nvafio)us without a fhson’osngls kinuetic amial-

ysis of blue enzyme.

Effect of pH (lii- F Ui’d-5’-PP reduction-.

Some of tue biological effects of ths(’ fluoni-

nated j)ynimidines have beets attnibssted
to blue inscreased acidity of tue pt’(ot-ooms ons

nitroogcns :� ins the 1)ynimidinse rinsg omf fisuoro-

inracil (Pl’a S.ls), o’ompared to umnacil (PI�

9.45) (14). Ins omrdcr too (Io’tcrnuimso’ ss’hio’tisen

the differensce ins acidities bo’tsveo’ms l”Una

anscl unacil affects fist’ ability oil l”Um’d-S’-PP

to serve as a substnato’ four niboommuclo’otide

reductase, blue effect oil I)H ions redtnctioims tot’

FUnd-5’-PP, U1)P, suit! (‘l)P ivas (leten-

named. Tlse pH curves ins F’ig. 6 slso)sv fhsat

although there is a large c!iffert’mice ito
neactiomns velocities anuomng flue thsro’o’ stub-

strafes, the velocities oil 1”Urd-S’-PP amsol

I��Di� reductions art’ no ougisly pn’(mpo ort iommoal

thuro )umglsout- the pH nansgo ‘ exansiuso’o I , svl uit’hs

suggo’sfs that the diffo’n’o’msco’ ins aciolity oil

the N-3 protonis is usoof inupot-tanit svitls

reganti to nibonuucleot ido’ no’duct it oti.

]Ielabolis,n of F � ra- in e.rlra-el.s’ 0/ Ii.-u’xiu’

culture cells. Ins thio’ir isomnk ions tho’ o’ffo’cts oil
fisuoriusaf ccl PYrinsidinses omus variomus cell

hinio-’s ins culture, Umeda ams(l Ho’iolo’Iho’n’go’r
(23) ioi’tmvided evidemicc that ins soonsuo’ coils

I”Una ivas metabolized via a pat hsis’ay flint
imscludcd nibouuuclo’omt ic!o’ fonnuaf ii oms ansol sub-
so’qucnst reductions. Tlscv fomunid fhsaf L5l7�V-

Bi” (BF) co’lls, wIsicis are ro’sistnonst to

I”dUn’ol ho’cause oil a olo’lo’tioinu oil’ thvuuidiuue
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Fio,. 5. Kiiu’bic.� of F( �rd-5’-PP redo,cbion

Tho’ assay wits perbornoed as (bo’s(’ribed umoder

MS’Pm-;RtiLs .kND �m-:’n’�ons, except that the o’uumoo’emi-

tratioumos mob FUrd-5’-PP, U’DP, otmuob Cl )P were

vario’ol as i midicat-eol - The inocubat ioti vomlunose was

0.06 not. Eniz nie front the Sephostlex G-200 brow-

tionu was ust’tl (0.75 unuit tube, 2.5 unuitsmg).

Reo’ijorooral veluoo’itv was plomtteol a.gooimust ro’o’ipromcal

200r FUrd-5-PP

‘UDP

ISO /

to’mci . 6 . LJJ(’Cb of p1-I aim rooloeb ion of I’ ( ‘rd-5 ‘ _J)J)

The st amoda-rd assay ss’a_s o’nop!oved , exo’ept t hat

t boo’ buffer 1)11 was varied as sboomwno . The inoo’lol)a.t iomno

voohmnie was 0.0(’m iool . “Fhe Sephadex ( �-2()0 frao’t iomno

%v:u,s tuseol (0.1 umiit ttolme, 1.5 tumuits mug).

kimsaso’, ivenc as st’mssifivc to) FUna as tise

liarenst- LS17SV (‘1) (‘t’lls, ivlsichu comntaiuued
b Ise kiusaso’ (23 ) . l”smrt lscnnso)re, tue fo)xicit-v
oil F[ra to ‘1 cells was abolishscd by fhsymi-

clinic, whuereas ins tho’ HF co’lls thsymidine

Isad fbi such effect. The conclusions is-as that
ins �V arid BI” cells I”d[nc!-S’-P is lomnuned by

2 n’cducfioons of a 1’Ura ribousucleofiole.

B’ coomsfnasb-, cultured Xovikoff ho’patomma

cells resistant to FdUrd, also) bo’causc of a

t isymidimse kimsase clcficienscv (NSF’ cells),

ss’enc partially crooss-resistant to l”Ura (23),

ins conifinmatiomns oil f-hue observafiomnss omf \Ionse

and Pootfer (31) . This observatiois suggests

that ins the parent luepatoma line (XS cells)

1”dUrd nuust bo’ ais insto’nmediafe w’hso’ns I”Ura

is conuverted boo l’(Rnd-S’-P. Alfenniafively, a

deficienscy of onse oif f-Iso’ cuszvmo’s of I)abisw’aY

B (1’ig. 1), ins addifioomo to) ths(’ bhsymidiiuc

kiniase (leleficmni, could also) o’xplains flit’ cross-

resistausce of NS1” cells to) 1”Ura.

(‘( onoo’emit rat iomi ;oo’oxmrdimog 0 0 0 1�inoet�’o’avo’r anool Burk

(28). \lichae!is o’oomustamsts ivo’re o’a!(’u!ated brims the

slope amoo! i moter(’epts.

A. FUrd-5’-PP: K,,, = 0.072 moist; l’,,,,� = 0.48

momououle 30 mini. B. U1)P: K,. = 0.095 bust; U,,� =

3,7 mommoles- 30 uisini. (‘, (�l)P: K,. = 0.030 oust;

= :3.7 momnooles 30 mosino.



Ins ans attempt to clistiisguishs betw’o’eis
these poossibilities, iso’ inscubated labeled

1”Ura w’ith the neductaso’ assay mixture, thse
83 fnactionss prepared Irons b-hue vanio)us cell

hines, ansd either do’Rib-l-P, Rib-1-P, on PP-
ribo�e-P. Ins this way w’o’ could compare thse

activities of FdUrd pluospisorylase, FUrd

phosphorylase, FUra phsosphonibosyltranss-

ferase, aisd possibly ribonsucleotide reduct-ase.

Ins preliminsary expenimemuts we had veiifio’d

‘rAnoLm- 4

Pb ra pioelaboli.sno in exlraeb.s’ of coiltmm-re(l (‘03115

Preparatioons of the enizymsue is described under

M.%.TKttI.tI�S AND Mm-:THon)s. l6-’H]FUra at 0,1 moist
amid 500,000 dpm/tuhe was inscuhated for 90) nun

with the inidicated 1)enotose domnioor (1 muM) in the
st-anidard redut’t-a,se assay nsixt-ure. There was

0,05 nub oil emizynue in a total voolume 0)1 0.12 ml,
The reaction was quenched with 0.01 ml oil 65�

t-richlomracetic acid, amid the promducts were chrmo-

matoigraphed in solvent- 1, The commpoounmd.s were

located by ultraviolet visualizatiomi oil unilaheted

markers, amid the radioactivity was deterniinied
by a strip scaminier (Packard),

Fraction of total radioactivity

,-\.dchtion
-‘ , -, FUraFdLrd-,s -P ,

ribonucteotides

HeLa o’ells

Nomue
oleltih-1-P 0.34

Rib-i-P

PP-rihomse-P

NS cells
Nonie

deltib-1-P 0.17

Bib-i-P

PP-ri boise �J)
NSF cells

None

deRih-1-P

Rib-i -P
PP-riboose-P

V cells
Nomue

deliib-1 -P

Rib-i-P

PP-ribose-P

BF cells
Nonie
tleltib-i-P
Bib-I-P

PP-rihoose -I’

tisaf the rcsistanst NSI” ausd B!” cells still
lacko’d signuificanst thsymidinsc kinsase act ivitv.

‘Flue no’sult.s 0)1 f-hue o’xpet’imcmst- anc shsuoss’ns in

Table 4.
\Ve co)uld nuot- detect l”dUnd-S’-P foornia-

tiomus unslo’ss I”Una ansd do’Rib-l-P ivere Imrcst’nut

togetlser its the assay mixtunt’. Thuo’refore

nibonsucleotide neductaso’ activity is’as msof de-

tect-able by f-his metisod. Wo’ also could nsot

detect significant- amoinnsts of F’Urd �or F’dUnd

onu the chromatognams. “fIse nuost signuificant
finding is that 1”Una is less readily cousverto’d

to) nibimnsuclcotides by 1”Ura l)liosPhonibo msyl-

fnaisslenase ins resistant NSF cells flints ins NS

cells. Inu V and Bi” cells blue activities oil tlse

phsospiso)nibosyltranslerase ant’ nseanly flue
same. TIse decreased level of phsomsphucmnibosyl-

f-rarusfenase in NSF’ cells explainss w’lsy NSF

cells are cross-nesistanst to FUna ansd is fur-

ther evidensce for b-hue importausco’ of I” Ird-
5,-PP reductions Ion I”dUnd-S’-P fonmations.

Reductase levels in tissue culture cells. Be-
cause nibonsucleotide reduct-ase activity could

not be detected in the pnevious experiment-
the 53 fractionis of the various tissue culture
cells were assayed directly Ion the enzynse

(Table 5). l�eductase levels Ion all cell linses

are how ins companison to Ehurlichu ascito’s cells.
“Flue cells resistant b-cmFdUrd (NSF ans! Bi’)

contains highser reductase act-i�ify than blue

‘�I’.tmmi�,m-.5

IimbO?u mimIe()bi(1 4’ reduetase (U-lOmb/I 100 cm,ltmor-d cells

The preparationu of the cmuzynucs amool assay

procedure are tlescriheol U tooler it .-s’r�:ntn .s Lit t ND
so m-THODS , The assay was perf(ormed wit hu 0.025
ml oil emozyme in a tot at volunue oil 006 toil. The

substrate was 0,1 mu�s-n FUrd-5’-PP, All assou’s

were olunue i no du p!i(’ate , amid sci nit illatiommu count i mug
mob the prodioct was repo’ato’d sevo’ral timo’s. The

assay tinse was 30 mimi.

Concentration required foor

FdUrd-,5’-P 0% growth”C S formation -- -- - - - -- -
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0.04

0.20

013

0.23

0.45

0.93

0.08
0.25

0.20)

0.05

0,08
0.09

0.72

0.05
0.06

0.02

0.81)

pmomles/30 mm

HeLa 0,75

NS 2.1
NSF 8,1

V 4.2

BF 7.8

a l)ata from Umeda

FUra FdUrol

Al 11

10� 5X10�

5X10#{176} 2X107

5X103 2X10’
5 X 10)6 5 x 10#{176}#{176}

10� 5 X l0�

amoti Ileidelbergc’r (23),
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senssibis’o’ 1.�aro’mit limit’s (NS amid V) . This is

nuomt #{176}urj)nisinig, siusco’ the ro’sisf-auib cell hues

Isas’o’ lost (itit’ on uusoro’ (of fist’ salvage euszymcs

0of isucleic acid bios\’nsfhiesis. Tlso’ imuhuibif-ioms
O)f gnm uis’ths oil fhoo’so’ co’lls pnomtluco-utl by 1”hIIna-

amiol l,(!tTn(l is also shoros’mi its ‘i�able 5.

l)tso’Ussnox

\\(‘ lsas’o’ shouts blunt l”Uu’d-S’-PP is no’-
o!uco-’d too I”dIrd-S’-P b�’ nibommiuclo’omtido’ no’-

oluctaso’ t’roonu l’lsnlichs ascito’s cells. This is flit’

first- direct !o’nutunssfna-fioumu oil l’dUro!-S’-P loon’-

nuuat-iu on by no’duct ii us 0of 1’lTn’a ribo imuuclos-i-

bait’s, but thso’u’o’ ant imistanico’s ins t Iso’ lito’naf-une

sslsi(’h iuuspl\’ flint l”Un’ol-S’-PP no’(!ucf-io ins

nsuust i occun’. TIso’ ssomu’k mmf Unuuo’da antI Heidel-

bo’ngen’ (23) l)ro\’it!o’s go mm0(1 O’\’i(lt-’nlct’ that- its

V anal ill” ct’lls l”li’a is activafo’(I tom l”cIlTrd-

S’-P flurmmtnghs f-Iso-’ u’etluctaso’. Hii’aga et al. (32)
m’eimomntm’ol ,siuuuilan’ f’mmiolimsgs ss’itls a fhsvnsic!inse

kinmasu ‘-olo’ticio’mst muuintanut 0 ml’ .L’. colt ats(l C mum-

clut1o�tI t lint r’(’(ltmct im mo mof I” h.Tu’a n’ibo onuucbo’oo-

tiolo’s to o l”ollTn’d-S’- F Pt’mmbablY tako’s place.

t’to ‘sso’l ci ol. (3:� ) hsavo ‘ I’m must! a cm mn’n(’lat io ins

bo’t sso’m’mi m’o’spo oUst’ to 0 l’in’a amid tlso’ amssooinmuf-

ool i”lt’a n’ibommslnclo300titlo’s fomnnsuo’d itt a sen-it’s oil

u-iso itms(’ lo’ukcnusias. Ro’ves amit! Hall ( 16) is’o’no’
f’un’t lion’ ablo’ to 0 ti on’n’elate f-lie survival oil

l”l.n’a-tn’o’ated lo’tnko’uuuio nuico’ ss’it-hs floe level

0 it t Iso ‘ o’muzvnut’ 1” i: ‘na j)lsm osplso onibo isyltrauss-

fennosu’, is’luicls c(mtiVo’n’ts l”[ra too 1”Ct’d-S’-P.
F�o’ssu’l anmd Flail (34) sotccet’o.!ec! ins imscreasinsg

I” �‘ n’a n’ibo onsuclem it io!o ‘ fo mi’msiat io)ms by adding
o’xu ogu’mmoous nibooso’ tim otummn’s, but loumsd uso p0-

t.cnstiafnmmo oil t”lTra ansfif-umuuomn’ acfioms. They

commot’!tmdo�l that. n’ibo mmiuc!eomtido’ lomnnsafiomn ss’as

a musa�o or lactomu’, but mmomtfist’ smile defen’uisimsanst,

Ii on’ no’spionsse too F’ln’a (34, 3�).

�Fhsu ‘ n’elafive oonstnibtntio otis (of the tss’o o alterms-

atis’u’ l)athiis’aYs (l”ig. I ) foot’ 1”hlTrd-S’-P fon-

nsuatiuonm mu imstact- cells luavo’ msoot yet beets de-

t 0 ‘n’nsuinmo�l . ‘-I1hso’ j)hso isl)him in’\’lase no’spm imusible for

l”�’na amid 1”dl�n�l imofo’n’c’o)tsyo’n’sim)ns is know’mo

t 0 0 be n’o’\’o’m siblo’ (9) , amid l”ohIn’d is readily

�mhmuos�ihsuorybato’(1 by thsymusidimmo’ kimsase (5, 9).

�l1hsu’n’u’fooro-’, I)afluii’aY � (l”ig. 1) is feasible

tb it ‘rnuuo i(l\’tuatssicall\’ . No’verthuclcss, presemut

o’\’it lo ‘us(’e its(!icafo’s t hat emot!o)gcnso)us deoxy-

n’ibo isv1 do itio)l’s n’o’qimiro’d for anabo!ism of

l”Ura to i”d[rc! nut’ ins slum mt supply w’ithins

thso’co’ll,ins hoot-libacto’u’ial (36 -3S) amid mans-

nusai i an s svst o‘nus (39, 40). Alt-cnusativelv, f-lie

u’tiolu mgu’msous levo’l its Elsn’lichs ascit-es cells of

the nibose donuomn, PP-niboose-P (41), was Cots-

sidered sufficit’nsf too supp(orf the syustiso’sis of

FUrd-5’-P Irons FUna (12). Also, it has been
shoow’us that FUra is co)uuverted primarily to

nibommsinclcof-ido’s ins imsfacb Ehrlich ascito’s co’lls

( 11). Omi the basis oil these studies anicl f-lie
wo-)rk reported ins this I)aP(’r, w’e Ice! fhsab- the

pafhuis’ay for the loonmafions 0)1 FdUnd-5’-P
Irons l”Una by no’ductiomms of l”Und-S’-PP is

in’spo mnbamsf 1)lsYsioilt mgicall’u’, w’huo’neas fist’ sig-

nuificausce of flit’ alfo’rmsafive j)aflsis’ay is tins-

knois’ns.

TIse olu(’stiooms oil alto’nmiafivo’ J)atl555a�’s for

activations oil 1”Ura has ombviomus climsical sig-

nsificamsce. If its co’nfaims tumors l’ITna is acfi-

vafo’d l)nimanily via nibomnsuc!o’ otid(’s, fo!lois’ed

by subso’quo’ust ro’dnscfiomns to 1”dI.Tnd-S’-P, tonic

\i(itnlti hmt’(’(Iicf flint f-lit’ coons.binuafiomns of l”EJn’a

auu(l a no’ducbase imshuibiton such as hs�’dnoox�’-

uro’a ton fhuiooso’nsicanbazoomso’s ii’Oitl!(l ho’ a l)om�on

chomice foot’ chso’nummthio’rapy. Onu flit’ othuen hanid,

f-Iso’ consbinsafiomns of l�lUnd atud a rt’ducfase

iishsibitomn nsighsf ho’ bo’uscficial. Hesult-s Pn’’-

scmif-t’(I its this papo’r shuomw’ that reclimcfase

levo’ls are o’lo’i-’ato’d ins co’lls no’sisfamst to)

1’(lLn(l. Thus a no’thmcfase imuhuibifton nsa�’

l)r��’o’ too ho’ effo’cfii’o’ againusf funsoon’s that
have become ro’sist-anst to FdUrd o�r l’Un’a

becauso’ 0)1 a do’lo’fiomu omf oouse on niuone salvage

ensz\’mes.
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