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1Qle of the impor~ant functions of the cell mem

brane is maJ.n~enance of selective permeab.Uity in both 

the temporal and physiological senses. The lipid bi

layer inpe.nreable to hydrophilic substances surround-

ing the cell retains all nutrients within the confines 

of the cell (U.eb and stein, 1974 ). Metabolic waste 

products lea.ve the cell, cells conmunicate with one 

anothe.r via chemical nessengers and cells utilize a numbe.r 

of essential and useful nutrients present in the extra

cellular spaoa. To make use of autrients from extra

cellular space, cells have evolved nechanisms for the 

uptake of nutr:ient molecules wh.tch are unable to 

perneate through a liPid bilaye.r. 

&.lkaryotes possess two general ~ypee of mechanism 

for b.ringing small nutrient molecules into the cell: 

1) an energy-dependent ~ranspo.rt system able to esta

blish a concentraticn gradient across the cell mntJr:ane 

(Christensen., 1975) and 2) a non concentrative trans

port system coupled ~th phoepho.rylation or phospbori

bosylation of the substrate, by which the metabolic 

alteration prevents the nutrient from exiting the cell 

(Plagemann and Ric:hery, 19741 Berlin and Olive-t, 1975 ). 
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Among the many studies of aut.r:ient uptake the study of 

nucleic acid ptecu.r:so.r:s has aCQUired a new signifi-

cance. 'lbis follo11ll!d the discove~ of specific 

nemb.r:aae bound •cu.r:ie.r: systems" (ae.r:l.t.n and Olive.r:, 

1975) and the possible .r:elatia"&&hip of the uptake of 

nucleic acid ptecu.r:so.r:s with cell g.r:~h o.r: PJ;ol~era-

tion CHoUey, 1972}. ln many .instances, it has been 

obse.r: ved that the .r: ates of nut r:ient ... uptake have been 
. 0~ 

related to the availab111tyAexogeneous substr:ate, 

effect: of inhibito.r:s, and temperature,. '!here a.r:e 

many dbse.r:vations that the rate of uptake of par:ticular 

nutrient responds to the physiological demand. Thus, 

for exanple, the uPtake of w:idine in quiescent cells 

is increased soon after stimulation with ee.r:un or 

hormones (CUnningham and Pardee .. 19691 Hue, 19721 
' 

"&t~ 
Jimenaa de Asua !$_ !!•, 1974 ). 'l'he co.r:r:elation bet-ween 

enhaneed nut.r:ient UPtake and stil\Qlatica of oell gr:~h 

or p.r:ol1fe.r:ation shoted that modulation of nutrient 

uptake is mainly involved in the .r:egulatiOD of cell 

p.r:olife.r:ation (Holley, 19721 Bha.r:gava, 1977 ). Furthe.r: 

it was observed that mcdulatiClD of uptake is essen .. 

tially a nemb.r: ane pbenonencn i.e. the nee sages a.r:e 

making impact on the cell membrane dir:ectly and 

causing alter:ed permeability of the memb£ane towar:d 

specific: nutrients. On the other hand .. there ·is 
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coilsiderable evidence that .tnt.Caa!llulat pbosphary

lat.ton de~rmines the rate of _UPtake of nucleosides 

and nucledbaees under variety of conditions (Wobl

hueter tt !.!.• , 197 6t Rozengurt ~ !!• , 1977t Harz 

at!!·, 1979 >· 

The contrOl of ~iDe utilization presents 

some unique prOblems since the availability of corr

esponding nucleotide& depends on the interaction 

of two converging pathways a 1) the ~ 0...0!.2- synthesis 

of nucleotides (Buchanan and Hartman,- 1959). ana 

2) 'l'be reut111zati<m pathway t~ough 'Which free 

nueleobases are transferred to the phosphoriboeyl 

moiety of: 5-phospho.cibosyl .. l-pyrophosphate which 

builds up the level of nucleoside tnol'lophosphate 

(Kornberg ~ 11.•, 1955 ). These nucleoside· mono. 

phosphates a.ce 1nterccovert1ble among each other 

and this inte.r:conve.csion is itself under stringent 

enzymatic control (Berlin and aadtman, 1966). 

Nucleoside monophosphates are also inter:oonvertible 

with both the cor responding nucleoside diphosphates 

and triphosphates through the action of phosphotrans

fer:ases as W!ll as by different· kinases. P\lrther

more, the ribonucleotidea are convertible to de

axycibcoucleotides thcough their r- . ,: --"':--.:.::.a r -::;..... 

r•:- V?:::::.: :., .... ~ nucleoside diphOSphates. 'rhUS# there 

are a numbe.r: of stcuct.urally related canpounds (they 
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all share PhosPhoriboSyl moieties) which are the 

"end PJ:oduota • of- nucleobase pathways ana which could 

conO!.tvably act 1D J:Gtro1nh1b1tioa. 'lhe con\'ersiora 

of free puraes to the!£ mononucleotide derivatives 

involves a t.ransfe~: _of the phosPhoribosyl moiety 
' 

of 5-Phosphoribosyl-1-pyroPhospbate to the Pur.ine 

base and is catalyzed by pw:.tne PhosPho.tibosyltJ:ans

ferases in yeast (Mager and Magasan.:Uc.. 1960) • mamma

lian tissues CMur:tay. 1966) and bacteria (Berlin 

and aadtman. 1966) (Fig. 1 ). 

{a) l!l...!ftima.l.W~I - The uPtake of nuC!leo-

sJ.des has been studied 1n a va;rJ.ety of culturecJ animal 

cells e.g. Click fil:u:obl.asts (Scholtiss~, 19681 steck 

6_ !1:, 1969 >. 119a urchin egg c:ells (P.tatigo..:sky and 

Whiteley, 1965 ), Phrlich ascites tumo~: cells (Jao:J:uez, 

1962), erythrocytes _(Ten;>leton and ati~son, 1981), 

Nov!koff rat hepatoma cells (Plagemann, 19711·; Plagemaan 

and Erbe, 19721 Plagemann. .!1. ~·, 1978, Wohlhueter 

d. !!•• 19781 Mar~ f:!$. !1.•• 1977, 1978). Chinese 

hamste.c ovary cells CWohlhueter ~ !1•, 19781 

Prasad et al· , 1981 ) and Balb 3 'rJ cells (Hochstadt --
and Quinlan. 19761 Quinlan and Hoc::hstadt, 19761 

Prasad !£. !!•• 1981 ). In the case of animal cells 

4 



Fig. 1. HETABOLIC PATHWAYS - PURINES 
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both mediated process (Plagemann and. RS.chety, 1974) as ..ell 

as g.r:oup ttanslocation (Quinlan and Hochstadt, 1976) have 

been shown to operate fot the uptake of aucleosides. 

~dia:t~d REClCe.J!~ ... It has been established that 

. the transport of nuc:leosides in several mammalian cell 

lines involves a saturable, noo-conoentrative mechanism 

consistent \'Jith ea.rriet-mediated permeation. Such trane

port has been tepcrted in Novikoff tat hepatana cella and 

Chinese hamster ovaJ:y cells, for: thymidine., ur:idine. deOJCy

eytidine, cytosine arabinoside (Wohlhueter ~ f!!.•, 1976,. 

1979; Plagemann U 16.•, 1978 ). All these studies were 

focused on the initial uptake of substJ:ates rather on the 

longer time intervals, where the uptake process has been 

shown to depend on cellular: rretabolisn. l<inetic data 

obtained by .r:apid sampling technique revealed that the 

G 

cells incapable of rreta'bolizing the t..ranspo.r:t substtate had 

low affinity (high F;n) as cQ!lpared to th£~ metabolizing cells. 

Kinetic analysis of thymidine transport in Novikoff cells 

provided evidence for the existence of a single cattier 

having broad specificity for purine nucleosides, pyrimidine 

nucleoside a • deoxynucleosides and a numbe.c of nuCleoside 

analogues. 'nlis broad specificity of ca.r~ier is baaed 

on inhibitioo of thymidine transport by other nucleo-

sides and analogues (wohlhuete.r: ~ al. • 1979 ). 'l'he 



dec~ease in nucleosides uptake was reported in Novikoff 

eat hepatoma cells during the time inte.r:vals of 1 to 

10 minutes. lt was ccncluded that the dec~ease 

was mainly due to the metabolic unstability of 

nucleoside t~anspo.r:te.r:s (Plagemaan fll @.!.• 1 1975) • 

Holever ~ by using a newly developed •rapid sanpling 

technique" Marz U. I!• , (1978 ) have shown that the 

thymidine and u.cidine nucleosides t.canspOJ:'t increases 

lineariUY upto 10 seconds and start decreasing at 

later t.tne points. It is concluded that intracellular 

phospho.r:ylation dete~nes the .rate of aptake of thy. 

midine and uridi.ne for: later time points iJe. after 

10 seconds. Furthermo.re~ in contrast to the ea.rlie.r: 

observation of ~lagemann et al.~ (1975)1 it has been - -· 
sh~ that the nucleoside t.r: aospo.rter:s a.r:e metaboli

cally stable and the decsease .in the rate of nucleo

side .,.ptake beyond the tine points longer than 10 

secc:ods are mainly due to the decreased p.cctein 

synthesis \lbich .r:eflec:ted loss of nucleoside kinase 

activities (Mcu:z 21 11.• # 1971 and 1978 ). 'lhese kinasee 

rather than the nembtane associated tJ:anspo.rt appara

tus are the most likely sites for regulation of 

nucleoside uptake <Marz E!S, @!•., 1978) • 

Scholtissek (1968) first suggested the cole of 
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kinases in nucleosides uptake~ and proposed a model 

•nucleoside - kinase canple:x• 1n W"lich nucleosides 

uptake is mediated by the nucleoside-kinase canplex 

in the membrane. But studies of thymidine uptake in 

normal and thymidine-kinase de££1cient hamste.c cells 

provided evidence that thymidi~ kinase regulates trans

port by intera.cting reversibly or irreversibly with 

membrane carrier (Schuster and Hare, 1970 ). However, 

its was observed that the kinase is rather limiting for 

intracellular utilization of nucleosides and not for 

1 ts transport across the membrane (Hare"· 1970 ). 

GEOUP t~aanslocati2D. - 'Jhcugh it is not clear 

whether the cleavage ~ purine nucleos!des is obligatory 

or even. the studies by using isolated vesicles fran 

a variety of animal cell lines have provided evidence 

8 

that the cleavage occurs to a significant e:xtent (Hochstad·t, 

1974, Hochsta-1t and Quinlan, 19761 O•.Unlan and Hochstadt, 

1974, 1976; Li and Hochsadt, 19t.6F Prasad~ !!•, 1981). 

Studies of inosine uptake by membrane vesicles from 

m~se fibroblast cells indicated that the uPtake of 

inosine involved a. concanitant cleavage to ribose - 1 -

phosphate and hypo:xanthine. 'lhis mechanism involved a mem

brane localized purine nucleoside phosphorylase acting in 

a reaction during which hypoxanthine was released on the 



elCte.rio.r nemb.rane surface while the .ribose moiety was 

phosphotylate_d in the p.cocess of being t.ranspotted 

ac.ccss the nembcane (Qu.iDlan and Hochet4dt 197 6). 'lbis 

ned'lanism su.ppoJ:'ted ·•g.roup translocation•. In membrane 

vesicles fs:om polycma..transforned hamste.r kidney cells# 

two distinet rrechanisns for inosine uptake •$Jte found, 

carrie.r mediated diffusion as well as group t.ransloca

ticn nechanisrn (Dow3 U i,l•, 1977 ). 

Quinlan and Hochstadt (1976) p.roposed vacious 

models to demonstrate that the ribose moiety of inosine 

1 s acaumul ated as .ribose .. 1 - phosphate by plasma 

nembtane vesicles isQle.ted from sv .. 40 tJ:ansfo.rmed : 

Balb/C 31'3 cells. Pi.rst model represents that .tte 

phospho.rolysis takes place p.rior to the transport, such 

that ribose - 1 - phoSphate itself serves a}J the actual 

t.ranspo.rt sUbstrate. Second model .rep.resents a necha

nisrn in which phospho.r:olysis is car:~ied out .tn a single 

step,. .r:efer.red to as a grouP translocation event. Here 

plasma membrane associated purine nucleoside phosphory

lase wuch nediates the int.ravesiculation of .ribose - !

phosphate subsist the gr:oup translocation reaction. 

Third model e:xplaine the post-t,;ansport: phosphorolysis. 

That is. inosine is transported into the vesicle intact 

and then is acted upext by intravesicular: purine nucleoside 

9 



phoepha:y lase. 'fhe_ .cibose • 1 .. phosphate .cemains .inside 

the vesicle, 'Whe~s the hypoxanthine is diffused out 

of the vesicle. The existence of this mechanism oould 

mean that two separate molecules ate theJ:e fa: trana

pott event and metabolic event, ~ch haw diffe.cent 
( 

char acter.:t.etics in terms of effecter sens.it:ivit:J.es and 

kinetic constants (.Pig. 2 ). 

(b ) !a X! a& @9«2 oth4!,Ji fU!!9l • A few st udiee 

have been.car.cied out 1n yeast and ot:he.c fungi detail• 

1ng possible mechanisms of nucleic acid p.cecurao.ca 

tcanspo.ct:. Various studies on t.canspoct mechanisms of 

oucleosides have demcast,tated the lack of • groUP t.cans

loaaticn • mechanism ill va.cioue yeasts end othet: fungi. 

'lhe.re a~:e .reports that two distinct nucleoside tJ:aGepoR 

systems ere gene:r:ated dur:ing .tbe gewnation pet:10d of 

Neu.cgapgj a SJiUfU!. conidia • cne was specific fo:r: P'U J.ne 

nucleosidee and otbe:r: was common fo~: both pu:r:ine and 

py.cimid1ne nucleOaidee (Jobn and, 'l'&t.cy, 1970). in 

BDetSDXS!!L 19"b1~1991. the uansport of adenosine 

waa tepo.cted with~ cleavage ~cb suggested mediated 

diffusion process. In §.acdtaES!\Y(!!• wevi&a$,• bowvec, 

the uptake of u:r:1dine nucleoside was shown to be an active 

pcocess mediated v1a a specific pernease (Lossa~ ~ Al• , 

1978 >. studies co mac:leosides tr:ansport in vacuoles 

10 



Fig. 2 A) FI RSI' 110 TJEL 

B) SECUND hODEL 

C) THIRD NODEL 

MECHANISM OF UPTAKE MODELS 

.. 

A.PNOSPMORYLYSIS 
BEFORE UPTAKE 

rnonino Ribone+P04 
Hypo~:-nth ina · 

B.PHOSPHORYLYSIS 
DURING UPTAKE 

GROUP TA SLOCAf10N 

Inosine 
Hypoxanthine 

C.PHOSPHORYLYSIS 
AFTER. UPTAKE 
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.isolated fJ:om §agghar~...! 9!CIJ!.I.I&!!. showed that 

guanosine and adenos1De trenspo.tting systems vere 
-

saturable whlle.the inosine· tcansport was ooncentrat.t.cn 

dependent (Nagy- 1979 ) • 

lo.itially the acc:UIIIllat.ton of variC~Us purine 

canPOtmds tn yeast cells was cbeeriVE!d by ult.rav1Q\et 

microscopy (SVihla f!$. 1!.• • 19 63 ). 'lbese obSec\fatJ.ona 

demoDstJ:ated the presence of purine pools. *lhe pw:.ine 

bases and m.tcleosides may aU enter these purine pools 

prior to theit utilization (SVihla !.'- t!• ~ .1963 ). 'lhe 

extsten~ .of two ciistinct int.r:acellul.u pools of PQJ:ines 

.t..e. a main pool. cha.racte.r:ized by a rapid turncrvet, and 

a slowly netabolized storage pool was later ccnfir~d 

by Cunmino aDd Mitch.f.Csoa (1967 ). tepend.tng on the 

yeast species- the differences .in the pool .QQDt.en.ts 

vere also Obser"d (Ctlltnins. and Mitbbit:.:son, 19 67·). , 

~leobafl!!!. 

&cogenewe pw:ine bases are utilized efficiently 

by cUltured cells. In manmalian cells the salvage 

pathways coupr.tse of ~) mediated peaneauon th.c cugh 

the cell membrane fQI.lowed by pnospho.c1bosylat1ca. 

which yields diJ:ectly J>.tuU.ne .ribOSide monophosphatee .. -
(Hoc:hetadt and Do'wd. 19731 Ouinlan and HochStadt. 19741 
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Pra~ad !l. t,!.* 1981) and 2) Car.cier mediated. saturable. 

naa-concentrati ve t.c ansport system whe.re there is no 

change in transported suba~ate .(Hawd .. fl:S. and Becl1n1 19~t 

Plagemann and ~be. 19721 1\!mpletdln ·and Ol.Uson. 1981 ). 

(a) Eg •.tmal 9@:\l!. • 1<1netic. prcpeltiea -we.ce 

obse.a:wd for purine transport by rapid kinetic techniques 

13 

in Nov.lkOff rat h,epatcma:.cells, Chinese hamster ovary cells 

and P .. 38a ~ine Leukemia cells (Zylka and Plagemann. 19751 

Si~a ~ 81•1 1973). 1hese studies were done in both cella. 

incapable of nBt•bolizing the transpor:t substrate,. as wll . . \'\.. . 

as~those fot steady-state purine uptake in netabol!eal1y 

aetive cells. It was obeet"Ved that the appa.ceftt Jem. end 

Vroa:x values of the uansport were oenecelly in the saJDa 

o.rde.r of magnitude• but aQm3what ~ghe.r: than those of nu

cleosides. Furthe.rmo.re. the affinity fo.r cu.r:ie.a:a was 

-rr lese (high ~) in cells 1acapable of tretabQlizing the 

t.ranspoct substrate than active metabolic cells. Canpeti-
, 

t.lve inhibition among the nucleobases implicated two diff•r· 

ent ccu:r:iers f one specific for: hypoxanthine and guanine.-

the otheJ: for: adelline (7qlka and Plagemant'l, 19751 Si:xma 
' tJL Al•, 1973 ). fn eane cell lines differential .t.nhi.-

bition by nita:ooenzylthio.t.nosine indicated that both 

p~ne and pyt~dine base carriers ere kinetically 

distinct fcom the nueleos1de transpoxters (Wohlhueter 

!.\. ..... # 1978). 



As mentioned ea.rlle.c that the uptake of. nQole.tc 
el.+heY 

acid p.recu.r so.s: s is dependent 1\ en the.t..r uUl..t.zation 1n 

nucle.ic acid synthesis o.r on thei.t netabolic t.r ans.fo.rma.. 

tiCll'lS• It seems that .tn some cases this is dUe to the 

fact that the UPtake system is subject to feedback inhi

bitica by .its Produ~ (BeJ: lin and Stadtomant .J 1966, 

orenson, 1969 ). In othe.r cases, the fi.cst net&bol.ic 

enzyme might be di.rectly involved in tr: anspon ac.ross the . 
mmb.rane. Sirn.t.lar ccnclU:sJ.ca was d.ralllft by Hochstedt .. Oze.r 

. 
and S~adtman (1971) fot &denine uptake 1n §.sCb'£1ch&l 

. . 
a...a\L.• U\.lch appeared to be trediated by the adeDJ.ne 

phosphor.t.bosyltransfe.caee. 

have been demCIOst.r:ated in the yeaet ~f!.!ScJw:_guypu 
' . . . 

QOf!!J!. and §c\""hBrS!!lv&!f. c,eJey.ts&e• va~:.tous stUdies .tn 

yeast: ana otbi!J: fungi detaUing possible mechanisms of 

pu.r.tne bases have demc:JDst.r ated the lack of ·~oUP t.r ana .. 

locat.t<Xl• mech.aniaa. Two p\U'ine ~~ases• were demon- .. 

et.rated in the exponential growth phase of §ISp.J:AH..~I. 

2e1eyJ..s&c • 1 ) adenine pe.cnease 2) guan~e pe.cmeaset 

e ithe.s: recognizing hypoxanthine and sea! other analogues 

(PickerJ.ng and Woods, 1972 ). 10 §Shiz<a§.as;s;bt"S?J.!lX.~ 

29!1!' an active t.canspOJ:t system _oanmon for .adenine. 

gttSI\lne and hypoxanthine was desecibed (Pou.:quJe • 197~ ). 
I 
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oc the otheJ: head 1 it was showo. that pus:iae phosphoti

bosylt.c:ensfe~ase activities have a positive effect on the 

l'ete of purine uptake !ft. §S!)t.zoassha£Cl!9"!£!! e.$!!1!! ~ ~ 

(HOQS~. and Nagy# 1977 }. H:n~1!!~1", it does not aapp~t 

•gl'atP t.r ans loc::at.t.on. • 

A specific cytosine uptake system distinct fl"cm 

both uracil end w:'1d1ne uptake systems has been chHa

cte.c:ized QQ tbe lsasie of genetic, pby111olog1ca1 aDd kinetic 
" ~ '. ' ~ . 

evidences in !i9SbK9lXS!ti. S!.i!!..ta.&(OrensQD# 1969). 

'1'he p.r:esence o£ a ccmnon uptake syEtem shated by adenti:ae. 

cytoeille and hypoxanthine bas been sb.own .to S!a!UA 

alb&sant. and §egcllarqnysef s.e....s.u1&1! which does not 

appea~: to be mediated by the phospho.r:ibosyltr:ansferase 

eyetem (Palak ana arensOD• 1973 ). 

Mamlals do not have & nut.ritional. .requi~:enent 

for oucleobases and -nucleosldee because of the manmalian 

cellr end tissues have the capacity to synthesize purine 

and pyrimidine nuclectide!l <3.€. a2!2• lfote'fel'• certain 

tiseueE lack the eyntmtic pathways for: purines end a.re 

apparently dependent .m e~er:nal sot'.I:O!e. '!he source 

may be eitl'e~ dietary or endogeneous prOduction by othet: 

tissuefi (Pritchru::d u,. ~· ~ 19701 Mut:.r:ay G. I!.·, .-19701 

.15 



stoux• 1973 ). Whether t";<tp~J)J.e of tie QQ':Jt!l ayctheS!$ o.r: 

a at.- most <lf i:he t1ss~s Md ce 11~,: appear to bs able 

to •.Qt.ili~ pur.i.oos11 ?Y,r1mJ.tti.nes l'tn.d nucleo~!d(!S via 

$~vage pathways. £ven though. the Cl1ltu£e<' cell lines 

possess the aa 9.9!2 synthetic: pathways. the eaecgy c:ost to 

a cell to synthesize such nutrients a Q9.!.2 ts enoJ:mous 

and WCltld lead a markedly sl01i18d t.r:owtb r:ate. If e~o.

geaeQQs sou.cces ace available# they a.r:e t~t1Uzed to 

appa.r:ent 51vantage; so that the cells c::an seve conparable 

amount of energy W\J.oh is aecessuy £" ~ ~ syntbee.t.s. 

aud1ee on t~:;mnpo.rt of nucltt!c aeld preew:sccs 

!ft yeast \\'Gr:e mostly done l:ty using liScll.U.cmxsea -~ 
:ct~ . 

J.~/( ~b&ZOptf.9SflG~ Sa1l!l\ oe:U.e. In addition, 

not enough t."ut:k <m u.ucleie acid PteetU:so.r: 'l'l t.:anspon 

haa been r:epor\1etl by ltsing the .r:epid sampling technique 

in yeast. Studies .in wr laborato.ry have been dJ.cectetl 

t.owar:ds the c:haracte.t:izsti .. on of vac:!ous transpo.r:t 

syeteme of £apfU;d.i ~&san....a• a. pathoqen1e yeast 

""Bl"akumat ~ !4• ~ 1978• 19'79, 1981 ). In the pceeent 

iraveet,igetion, WE' have eharactet!zet1 the meehttniem of 

UPt~ of guooine and 1noe1ne. studies have bet.~ uod~H:. 

taken to elucidate the mechanism of uptake by analyzing 

the 11:\t.teo~ll•!l.ar prooucta at eho.a:t tim and lCftg t~ 

lG 



1nte.c:valst . lt i2 aetOOXl:l't;t;at.cd tl'lat both the atJbstJ:ates 

(guanine and inca~) ar:e .ta:c.mspoJ:tea by e ccu:tieJ: 

~diated; &at w:able· p.r:uc~ae and net by a group trans. 

locatico mec:ha.r~.ism. 
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MATERULS J\ND METHODS 

· Aga£, Pept~ and yeast e:xt.cact ~~e cbtained 

£can Difco, Michigan, u.s.A. Putifte bases; nucleo

eides, p..Qlloronerouri))en~en~ sulfceic acid (p..CMBs), 

N-ethylmalei.~de (NF.M), 2,5 - d.iphenylaxazole (PPO}. 

1, 4 bis 2- (5-phenylOJCazQ\.yl) benzene . (POPOP) lere 

obtained from SiCJOa O'emical Canpany, st. Louis, 

u.s. A· All other .reagents. were fran ccmme.rcial sources 

in the highest purity a'Vailable. 'tilifa:mly 14c labe

lled inosine {524 m C.Vm mol) and 8 - 14c labelled 

guanine (51 m Ci/m mol) were cbtained fJ:an RadiOChemi

cal Centre, Ame~sbam, England.. Mazflow filters (0.45 fX" 
pore size) -were dltained fcan Mcucf low, Borcbay, India. 

Wild type £a!!4j.da i)lbJ.SA91. 3100 strain was 

obtained fl'om National Chemi.cal Labo.cato.ry, Poena, 

Iadia. The cultu.cee ware ~own fot: 48 ~s ca slants 

ccatainirlO • 

Yeast extract - 1.0" 

Peptcae - 2.0% 

SUOI'O&e .. 2.().$ 

A gat - 2·~ 

Ail. sl. ant a 1llS re stot:ed at 4°C fcc 3-4 waeks. 

18 



iftle ,east cells lll!r:e t.:ansfer.:ed from a slant into a 

synthetic minimal nediwn cc:ataining glucose o.s% · Cw/v h 

K~Po4, 0.3" (w/v >• (N~ );Po4• 0.3" (w/v h MgS04 , 

o .025" (w/v h caa2, o.025% Cw/v) and biotin o.OOl% 
(w/V ). ' 0 

'lbe cells were grown at 30 c. cell gJ:owth 

was monit~ed tarb.tdinet.r:icaUy by I'Sading the abso.r:

bance at 460 nn in a Bausch and Lanb spect.r: cmic-20 

Spec::tJ:ophotanete.r:. Fo.r: UPtaffe measurements ceUs 

g.r:ow1ng in mid-e:xponenti':ll phase we.r:e ba.r:vested by Qentri ... 

fugaticn (1500 x g fo.t 10 minutes), washed twice with 

ste.c ile distilled water and suspended 1ft the sama 

before use. 

Yeast ceUe (180.250 f9 ptQ:eiD/ml.) in 16 ~ 

Phosphate buffer: (pH 6. 5 ) .ere incubated in a .reacticn 

mixture of 0.25 ml.. 'lbe .teactico was initiated by the 

adc:U.tic:m of o.o& mM radioactive (a-14c) guanine 

(1 ftJ!/rnol > or 2mM radioactive CU-14c> inosine 

(1 p.Ci/unol ). At different time inteo~:vals, the reaction 

mixture was 1nmed1ately diluted to 10.12 folds with 

chilled distilled wate~:. "lhe diluted suspension was. 

fll ter:ed rapidly through a 0.45 F maxflow filteJ:' disc 

(Max flow, Bombay, Indi;a) and quickly washed three Umes 

with 12 ml of· cold water:. Total time took for: washing 

19 

• 



was approximately 10 sec. Constant washing p.rocedtu:es 

we.ce maintained to PJ;event differences 1D uptake 

measurements. The filters tE.ce d.cied anct radioactivity 

retained was countec:! in a Packard Sc1Dtillation Cousu~e.c 

(Model 3381) u~ng a Sc1ntillat1on liquid cQQtdning 

0.4f. PP.O (2t~ - _diphenylo;xazole) and 0.01% PCPCP 

(1,4. bis 2.(5-phenyloxazclyl benzene)). 

Guanine being lese solUble in water ualally 

sti<*.s to the filters. 'Jherefore, the uptake 

measurenents ue d1ff.1cult to st\J:ly due to its trapp.. 

1ng. To avoid this difficulty &everal washing 

procedutes ~.ce attenpted • 

1. P.cewashecJ water filters follcned by 

cold water waehinge. 

2· P.rewashed water filters followed by 37'b 

water washings. 

3. Pre washed guanine (500 P"' to 660 f»4) 
filters-folloW!d by cold water (4-6°C) washings. 

4• Prewashed guani~ (500 rM to 660 ,.,.) 

filters follo-wed by .coom tempe-rature water (22-25°C) 

washings. 

5. PJ:"ewashed guanine (500 ~ to 660 }J'l ) 
; • t 

filters follol!led by cold guen.t.ne (SOO l"' to 660 ~) 

water washings. 

20 



'lhe trappJ.ng was mainly dependent on the 

radJ.oactivity and conc:enta:at1ca of guanJ.ne. -Qlt 

of several methcx!s# p~:ewashed guanine filte~:s 

follo\ed by quick washings of toom tempe.r:atu.ce 

water was found to be saUefacto.r:y Wlich had mininum 

bade-ground~ The sene washing ~oceduie was follolll!d 

to p~:event fua:thet: va.r:iation. 

After filtrati~s of reaction mixtares; the 

filters were transferr:ed .S.nto 2 ml of bol.liog distilled 

water to elute the intracellular .r:ad1oac:tiv.1ty. Afte.c 

boiling for 10 minutes the f.1lters were .a:emoved# the 

prooedUte was repeated twice and the eluates were 

pcoled to be lyophU12ed. Lyoph11.1zed samples -..e.r:e 

cU.ssolved in 40 to so fl distilled water foJ: 

chromatographic analysis. 

O!llulose thin layer sheets (Eastman Olrana-
. e 

gJ:am with fl-uor
4
soeot indicator No. 6065) tet:e used to 

eepa.cate the int.cacellular accunulated p.r:cdtJ::ts by 

using Butanol& tJate.c a P.ccpionic acid (12.5 1 8.7 a6.2 

v/v) solvent system. 1he spo~ts were visualized unde.r 

uv lanp. The mat:ked spots we.re cut into Scintillation 

vialS \tobieh we.ce counted in a Paaka.rd SC:.:Is.;ntillation 
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Ca&ntec. using toluene based scintillation fluid. 

Foe cornpetitia'l expecinents cells were pre

incubated with ten folds concentcation of unlabelled 

bases and nuc leosideS £or 10 minutes. 1be r:eaotico 

was then initJ.ated by adding the cadioactive guanine 

oc inosine. '1be .ceactiat was te.c:minated afte.a: 30 

saccade foe inosine and after: 4 m:t.nutes foe guanine. 

P.cotein was estimated by the method of B.r:adfOJ: d 

(B.cadfo.cl1 1976). Yeast cells -were bailed in 1cm 'lCA 

foe 30 minutes. Afte.c cool.tng, suspension was eent.ci

fuged. and the supecnatant discas::ded. Aft:er canplete 

removal of 'l'CA feom the precipitate. it was dissolved 

in o.l,N NaOH. To suitable eliquotes (ccnta.lning 

50...100 pe protein) s ml of ooanassie Bs::illiant Blue - G 

solutiQll (stock solution p.cepa.ced by dissolving 100 mg 

of Cocmassie Bs::illiant Sl. ue in so ml of 95% ethanol and 

100 ml of 8510 phospho.cic acid (v/v) is added in a final 

200 ml vol.ume1 wocking soluticn p;repaced by adding 

4 pcu:ts of distilled wateJ: to 1 part of stock and 

filteted ).,. was added. COlour intensity was read after 

10 m1Dutes at 595 ram. Bovine ses::wn albtaiD was used 

as standard peotein. 
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RESUL'l'S --

As can be seen in the Figure 1 ~ an increase 

in the uptake of guanine was observed with time. 

Initially the rate of u..ntake was linear over a period 

Of 2 minutes. To avoid any oanplications due to 

irtt.taceUular metabolism# the initial sanples ~re 

taken Ql.t withitt~\ seconds. 

~. -.... 

Snt.cacellu.tar products ttSte identified dur:ing guanine 

transpoJ:t as desc.ribed in Matet:ials and Methods -by 

using Eastman ehranatogram sheets (Pig. 1 ). '!he 

cesults showed that J.n~acellular p,;odu:t micb 

accumulated during the guanine transport was as guanine. 

1be radioactivity ~:ecovereCl was between 90 and 9510 

upto fi.est 2 min during the uptake# after that the 

cQ"JCentration of guanine decreased tdth time. '.the 

deccease in r.:oncentcation of guanine afte.c 2 m1n 

indicated that it might be metabolized by bypaxan

thine-guan.t.Qe phosphoribosy lt.cansfe.r:ase linked system. 

It also appeared that intraa:!llular metabolism starts 

only after few mimtes. 
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Fig. 1 
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UPTAKE AND IN'lRACELLULAR ACCU1'1ULAT ION 
OF GUANINE IN CANDI~ ALBICANS CELLS ..........--- _____ .....,..... 
Assay conditions were similar to those 
described in 'Materials and Methods. • 
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APQHmUlatiOD of, gyagine at d1ffeEePt.§S!9!! 

. gf CEo:t&b, • In order to ascertain .1£ the.:e was any 

diffe.r:ence in the aecunulatica Clf guanine during 

vatious phases of £andJ.dt. &lbiQ!S!!. growth. the uptake 

of guanine was follo~d at va.r.tous stages of cell 

growth .(P.Lg. 2 inset A. B and C). zt was observed . 

that the actively growing cells of Jllld-e:xpClllential phase 

accUJil1llated. mo.r:e guanine as caupru:ed to the cells of 

other phases (Fig. 2 inSet B). However. there ~1ae no 

noticeable difference in guanine acctrBulatial bet~en 

stationary and lag phase cells (Fig. 2 inset A and C). 

For all othe£ st ud1es mid-exponentially growing 03 Us 

'1'he 

uptake of guanine was foll01aed at v~ious pH values 

using various buffers. It was found that initially 

at lowe.&: pH the uptake of guaD.t.ne vas .increased with 

.1ncJ:eas1ng pH but at high pH values (beyond pH S) 1ts 

accumulat1on decreased with increaeing pH• The optimum 

pH was s for guanine u,pt ake (Fig. 3 ) • 

K.t.B!t&gs of swmane QQtS .... 1be appa~nt Km 
value for guanine uptake was fouod to be 10 iJM• The 

'4nalC value was 33 n moles/~ protein/min. The J:m 

"al\lf! fo.r guanine uptake in Q!M!id!. @lbican!, was much 
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Fig. 2 
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ACCUMULATI<ON QF GUANINE AT DIFFERENT STAGES 
OF GRO'V'IH OF CANDIDA ALBICANS CELLS - -. -.....-.----

oells we~e g~own as desc~ibed in 'Mate~ials 
and met hods" and ha~vested at indicated 
times. 'Ihe assay conditions fo~ uptake 
studies we~e simila~ to as desc~ibed in 
'11ate~ials and Methcrls •. Insets A, B and c 
show the uptake of guanine at lag phase, 
rrdd-log phase, and stationa~y phase ~es-
pectively. 
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Fig. 3 
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EFFECT OF pH Q\1 GUWll~E UPTAKE BY 
CANDIDA ALBICANS CELLS. ---- ...... -
Cells were suspended in cit~ate-phosphate 
buf fe~ (24 reM) of indicated pH values. 
The uptake of guanine was then assayed 
as des~ibed in 'Materials and Methods. • 
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pH 
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h1ghe~ .than the one reported fcc :§'&h;Lzomaccha'~ 

29JP.A (Hoasset and Nagy, 1977 ). '1be inset Cf Pig. 4 

shows the plot of V/S for guanine uptake. 

£anestit;;l.9(l ezmeJ:imep£fL - In OJ:de.r: to 

asae.r:tain if the gu~ne uptake is madiated via a conmon 

or specific pernease, the uptake was followed .tn 

presence af various otber bases and nucleosides. It 

was cbsarved that ~ne and hypoxanthine affected 

the uPtake of guanine max.:lmally# ~ere the inhibition 

in guanine uptake was between 90 and 92%. Thymine, 

a pyrimidine base and inosine, a purine m.tcleos1de, 

had ho~ve.r, inhibited guenine accWtW.ation between 

56 and 69% only. CG the other hand, w: ac.t.l had no 

effect on its uptake, infect it showad 26" st.tmulation 

(Table 1 ). 

To avoid any canplic:ation due to intracellular 

metabolism the uptake of inosine was also done at 

earlier time points. As can be seen f.r:om the figure 

(Fig. 5} that the ~take of inosine was linear fo.r: first 

two ml.nutes. Howeve.r:, at later poil"lts, it shcwad slight 

eatUJ:ation. The total accl.JttUlation of inosine was 

60 a mo.1esjmg pcotein/15 minutes. 

28 



Fig. 4 LINEWEAVER-BURK PLOT..;; OF GUANINE UPTAKE 
IN CANDIDA ALBICANS CELLS. - ------------
All the assay conditions "trE.re simila.r to as 
desc.ribed in 'I~te.rials and Methods' with 
the e~eption that diffe.r~nt concentrations 
of guanine was used. The reaction was ter
minated after 30 seconds du.r ing which tin-e 
it was linear. Km and vma~ values we.re cal
culated f.rom Line";eave.r-Bu.rk plot$ (1/v vs 
1/s ). Inset shows plot of v/s. 
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'l'H£ EPFS::T OF ADENlNE; HYPOXANTHINE; 

INOSINE, TH»UNE .ANI> URACIL CN 

oumms TRANSPORT 

. -
" stimulation 

Adenine 92.4 • 

Hypoxanthine 89,.6 -
'.lbymine 56.? -
Inosine 69 -
U.r:ac11 -. 26 

- -
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Fig. 5 UPTAKE AND INTRACELLULAR ACCUHULATION OF 
INOSINE IN CANDIDA ALBICANS CELLS. 

' ....._ ---
Assay conditions we.r.:e similar to those 
described in •Materials and Hethods.' 
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Intr:apellyl!t..J?&se!.ucts of Ys!!M qptaiS£,- Ql 

aftalysing the int.caeellula.r: products dw:ing aCC\ItluJ.S.. 

t1on of inosine • it was obs:!tved that fOJ: few minutes 

most of the rad1oa.et.1v1tY: could be .recover,ed 1n the 

form of fr:ee inosine (90..95% ). Howe-ve.r, at later: 

pOints the percentage of .radioactivity recover:ed was 

.reduced between 60 and 7~ Ribose • 1 - phosphate 

which is formed due to the action of nucleoside 

phosphorylase~ did not have any noticeable increase 

in .radioactivity during the course af uptake (Fig. 5 ) • 

acsgny~atigJ of, J.posne as (liffeJe~ Rt!.9!!. 

e.£ aJiel£\b • Fig. 6 ,(inset A 1 8 and C) sho-ws the 
' 

uptake of inosine in lag. midlcg and stat.ionary phase 

of !l1Pd¥!i. !,lbic:ane. cells g.r:owth. As canpa.r:ed to 

guanine uptake • the UPtake of inosine was -not affeetoed 

by the gr:ol'lth stages of Sf!D.didt !,lb1catlf2• It was 

ob~r-qed that uPtake of inosine was more or less slmS.la.r 

in all phases. Per fw:the.c stucU.es# the mid...e~ponen .... 

tially growing cells wr:e used. 

Ef£ect ot p1l! oo igosipe upta~ - When the 

upta:ke of inosine was followed at various pH values 

using various buffers; 11: 1Nae found that the lU)ta.lm 

of inosine was inc.reased with increaSing pH values 

but at. higher pH values (beyald pH .6) the uPtake was 
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Fig. 6 ACCUMULATION OF INOSINE AT DIFFERENT STAGES 
OF GRO'V'J'IH OF CANDIDA ALBICANS CELLS • 
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Cells were grown as described in 'Materials 
and Methods' and harvested at indicated time. 
'Ihe assay conditions for uptake studies were 
as described in 'Materials and Methods.' 
Insets A, B and c shovJ the uptake of inosine 
at lag phase, mid-log phase and stationary 
phase respectively • 
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rapidly decreased (Fig. 7 ). The optimum rJi for inosine 

uptake was ~· 

§!get1gs of &Qo,s;qe get!IS!. ... The apparent 

~ for inosine \J!)take was found to be 420 f'4• ~ 
Vmax value was 27 n moles/mg prc:t:e1D/rn1n• The inset 

of Pig. a. shows the plot of V/S fcc inssine uptake. 

~it.im e;see&&rrentt. - In ceder to asses 

the J1llltiplic1ty of inosine transpon, the uptake 

of inosine was done in presence of ten folds concentca

t.t.on af adenine, hypoxanthine. guanine and t:hym1ne. 

The uptake of inosine was ifthibited l:Jy all these four 

oases. 1/V vs 1/S plot in presence of these bases 

exhibited that tha inhibition was associated \'J1th 

Changes in apparent ~ values. The Bm for inosine ~s 

420 !"' and in the p.resence of adenine, hypoxanthine, 

guanine and thym1ne l-tas increased to 1300 Jill• 800 p.M. 

1300 }14 and 650 p.M. respectively (Pig. 9 and .10 ). 'lhus 

inosine ~take was cxmpeti tively inhibited by all these 

bases. 

§ffset of..J!ulfhvs!rz!..,.r..!.agsnts cp J.nostne gptalst,

The -SH group is one of the most reactive and 'Ubiquitous 

liga.."lds in the biological systems. It is involved in 

many aembrane functions. 'l'he various sulfhydryl reagents 



Fig. 7 EFFOCT OF pH ON rnOSINE UPTAKE BY CANDIDA 
ALBICANS CELLS - -_........,. ........ _ 
Cells were suspended in citrate-phosphate 
buffer (24 nM) of indicated pH values. 
The uptake of inosine was then assayed 
as described in 'Materials and Methods. ' 
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Fig.8 LINE'v'IEAVER-BURK PLOT!"" OF INOSINE UPTAKE 
IN CANDIDA ALBICANS CELLS 

-------- w - --

All conditions were similar to those described 
in 'Material and Methods' e~cept different con
centrations of inosine was used. The reaction 
was terminated after 30 seconds. Km and ~ax 
were calculated £.rom Lineweave.r-Burk plott= 
(1/v vs 1/s}. Inset shows the v/ s plot. 
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Fig. 9 LINE.WEAVER-BURK PLOTS OF INOSINE UPTAKE IN 
CANDIDA ALBieANS CELLS IN THE PRESENCE OF 
ADENINE W15 HYPOX.ANTHINE. 
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Competition e~periments \V!Sre done in a reaction 
mi~ture containing cells (20-25 pg protein), 10 mM 
buffer (pH 6), 20 mM adenine or hypo~anthine in a 
final volume of 0.1 ml. The .teaction mi~ture incu
bated for 10 minutes and reaction was initiated by 
adding 2 mM tJ-14c-inosine (1 pCi/1 pnole). 
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Fig. 10 LINEWEAVER-BURK PLOI'S OF INOSINE UPTAKE IN 
CANDIDA ALBICANS CELLS IN THE PRESENCE OF 
GUANINE AND THYMINE. 
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competition e~periments were done in a reaction 
mi~ture containing- cells (20-25 pg protein), 
10 nt1 buffer (pH 6 ), 20 mM guanine or thymine 
in a final vol\.Jl\e of 0.1 ml. The .reaction mi~
ture incubated for 10 minutl~ and reaction was 
initiated by adding 2 mM U- C inosine (1 pCi/1 
pnole ) • 
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e.g. H-ethylmale.tm1de CNEM); p..chlcxanercw:ibenzene 

sulfonic acid (p...CMBS) are effectively used in the trens

por:t studies to demonst.r:ate their 1nvol~ment? in nembrane 

transpo.r:t (Chan and ():)seine. 197 6). In order to asce.c

taill the involvenent of ·SH groupe in inosine uPtake, 

the effect of both Nm and p..CMBS on inosine transpc;>n 

was investigated. It was found that both NFM ana 

p..CMSS inhibited the :uptake of inosine . (Fig. 11 ). The 

effective concent.t:atione fo.r NEM end p..CMBS \.Jere found 

to be eo pH and 100 pM J:eepec:tively (Pig. 12 A and B). 
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Fig. 11 EFFECT OF NEM AND P-CMBS CN INOSINE UPTAKE 
IN CANDIDA ALBICANS CELLS _._....._,Mile _.__......_ 
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Cells were preincubated for 10 rrdnutes with 
60 ~ NEM and 100 ~'1 p-CMBS. Radioactive 
inosine (2tnM) (1 JlCi/1 pnole) was added to 
study the uptake as described in 'Matet ials 
and Methods. • 
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Fig. 12 A & B EFFECT OF VARIOUS CCNCENTRATI<NS 
OF NEM AND p-01BS ~ INOSINE UPTAKE 

Cells \\e.te p.r:eincubated fo.r: 10 minutes 
with different concent.r:ations of NEM & 
p-CMBS befo.r:e initiating the uptake. 
Assay conditions we.r:e as desc.r:ibed in 
'Mate.r:ials and Methods '• 
(o) NEM 
(e) p-CMBS 
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1be uPtake mec::heDisne for nucleic acid pre

ctKso.rs have been d\aJ:acte.rized to a gJ:eateJ: extent 

in both eukatyotes and p.rckar:yotes. 1he c:cnclusions 

made by HochStadt and heJ: ~OUP EUPPQrt S g&:OUPS t.r:aas

locat!on of purine bases uediatec! by nemb~:ane bound 

phospho.r:ibosylt.ransfe.r:ases. In addition, fo.r var:iQJs 

nucleosides the cleavage of nucleosides by specific 

nucleoside phospho.rylases followed by tJ:ansloc:::ation of 

ribose moiety and base was desc::~:ibed as a possible nacha

nism in bacte.:ia aJ'ld sate of the mcrnmalian eeU lines 

(Hochstadt and stadtman, 19711 Hocbstaat and Quinlan. 

197 6 ). Howeve.r:, b.f using .capid sanpling method 

Plagemann ca, ti.•, (1978 ) atggested that in maanalian 

cells no groUP tt:anslocation precess exist, but .cather 

saturable, c::at:r.S.er: nediated transport pt<:~Cesses 

~r:e pr:evaleat {Wohlhueter: t.S, 11• • 197 6, 1978 • 1979 • 

19801 Plagemarm tl, A!.• • 1978 ). 'lbis controversy 

led many J.Qvestigato.r:s to find cqt: and suppor:t different 

types of mac::hanisms in different cell lines,. The 

stu:lies on intact cells, isolated vesicles and o_rgane

lles, concluded three different types of neehanians in 

the ease of animal cells. 1 ) non-medJ.ated diffusion 

2) facilitative diffusion 3) group t_rcmslocation. 
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So faJ: the uptake studies that have been dore 

in yeast cells did not suppoR gr:oup translocation. 

'lhe~e are seve.cal suppoJ:ting observations fo.J!' catJDon 

transpo.ct systems fo.c sane purine bases and nucleo

sides in yeast cells (Grenson~ 19691 Polak and 

Grenscn-; 19731 Housset and Nagy; 19771 Foret and 

Reiche~t, 1978 ). '1be transpOJ:t of the PUJ:ine bases, 

pyrimidine bases and nualeosides described as satw:able, 
' 

facilitative diffusion. Hew!ver, the literatute shows 

paucity with teferenoe to nucleosides and their bases 

t.canspo.ct in <;andidt,. species. Since the a.1m af O\tt 

labC¥atoJ:y is to characte.t:im various gxoups of trans

port systems in ·9Y!dida and other yeasts, to see their 

involvement 1n gro-wth cODtrol. and cell division of 

this organism, ...e have attempted to study a few 

characteristics of guanine, a purine base and inosine# 

a pw:ine nucleoside \.1J,ltake in £apd1di. albican!, cells. 

_ Our results of guanine and inosine UPtake con

fiJ:ms the ~chanism of mediated tran!!port taking place 

via a facilitative diffusion process. 'lhe mecbanisn 

is characte.rized by analysing the intracellular p~<XIuct 

at .capid intervals of time. ft.g. 1 showed tl)e .intra

cellular accunulated prOduct during guanine uptake 

which was mostly Ulllletabol.:I.Rd during its tcansport. 
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1be recove.ry of the tranepc:ct:ed solute was bei:l!leell 95 

and 1~ foe initial first QQe to two minutes. Hott.$ver 1 

at late.r: points. the radioactivJ.ty .recovered 1n un

netebolized solute was decreased. If cae et:Ud.iee the 
I 

uptake of such bases during later tines. one wOUld 

cmc:luae erroneously that a group tr:anslocation may 

exist 1D ~calls. Howeve.:., since we te.r:m.lnated 

the .reactions within few eec~ds. the facilitated 

diffusion could be demonstca~d and cc:lQfUmed .• 

Our results of inosine transpOJ:t also do not 

suppo.r:t the c:leavage of mcleoside;,· by its phosphorylase 

into ribose moiety and its base. The results of intra

cellW.at aC:ClDUlation (i'.t.g. 5) sho-wed that inosine was 

acc:UPQlated as iooeine du.r.ing J.ts transport. As 1D 

the case of guanine uptake. the level of ac:cUJtlllation 

of inosine was linear fot: f.Ust two minutes end radio

activity recovered was between 90 and 95% withi.n that 

tine. 'lb1s abservatica suggested the following t 

1 ) TJ:anspa:ted inosine remains as free inosine 

upto 2 minutes. 

2) lt i.e cJ.ear that DJcleoside phosphorylase 

is not acting on inosine during .its transport i.e. 

cleavage is not oc:curing 1n £alld&da @l.bigans during the 

inosine t~ansport as suggested fo~ several mamnalian 
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cell lines and bact:.e~ia (Quinlan !,l a!.• , 19761 Pr:asad 

!.1i,. al., 19811 Rader and Hochetadt:, 1976). 

The r:ibose-1-phosphate level dw:ing the trans. 

pc.ct of :Lnosille did Dot; iDcJ:ease with t.!ine. This may 

suggest that tr:anspoJ:ted inosine did Dot undez:go clea

vage in the cell by phospho.r:ylase i.e. it is not 

converting into 

inosine phoeph'!!ylase) hypoxanthine + ribose-1-
phosphate 

However:, the dear:ease in the level of acauuu .. 

lation at late~ time points could be due to its c:onver:

s.ton into its monophosphatee e.g. liMP and <MP as given 

below 

AMP 

I'IPal:ic add ~ 
Adeny lo Succinic acid 

C1fP ~ Aspcu:tic ac:id 
Mg++ 

lMP/ 

\/NAD 
~NAlli+H+ 

»tP 

~~+ 
GMP 
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The results of oompetition expe.r irrents sholr.ed 

maximum inhibition of guanine uptake by adenine 

and hypoxanthine suggesting a canmon transport system 

for all these purine bases. Similar conmon transport 

system has been repotted for adenine 1 guanine t hypo

xanthioa .'and cytosine in §!.cshar~s ceEevi@.!!!. 

(ReicheR ~ !!• , 1975; Cheval lies: E. el• # 1975 ) ~ for 

4G 

adenine., guanine and hypoxanthine in SCh1~2§acehat9!!£Se....!. 

29!!'11! (Pourquie. 1970 ), for adenine, hypoxanthine and other 

. anal~s in 

Woods. 1972 ). 

§aegha,an~~ g~eyi~ipe (Pickering and 

In addition inhibition by thymdne and inosine 

also suggested that they might shaJ:e the saroo permease. 

Results of inosine uptake suggested that adenine# 

hyp~anthine, guanine and pyrimidine base thymine compete 

with it. It suggasted a ecmmon t.r:anspo.r t system for 

adenine, hypOAanthine~ gauan1ne, thymine and inosine. 

It is clear f.res1l the .r:esul ts that Candida, cells 

have very interesting transport systems of purine 

bases and nucleosides. This study is a first step 

towards the characterization of various othe.t transport 

systems. We would like to make use of plasma membrane 

vesicles isolated from yeast cells f~ future studies 

since the complicatione due to intracellular metabolism 



ooald then be canpletely excltded. 'lhe role of these 

transport ~rocesses in cell growth and division is 

another interesting area of future research. 
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