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SUMMARY 

Nltrobenzylthlolnoslne binds tightly, but reversibly, to sites m the human 
erythrocyte membrane, occupancy of these sites blocks the transport of undme and 
of other nucleosides This report describes the inhibition of nltrobenzylthlomoslne 
binding at these sites by substrates of the uridme transport mechanism and by com- 
pounds related to mtrobenzylthlomoslne For some of these compounds dissociation 
constants for binding at the mtrobenzylthlomoslne sltes were determined, assuming 
competition wah mtrobenzylthlomosme 

Deoxycytldlne, a substrate for the undme transport mechamsm, d~d not 
inhibit binding of mtrobenzylthmlnosme, suggesting that binding sites for the latter 
are distract from nucleoslde sites d)rectly involved in transport 

INTRODUCTION 

Nucleostde transport In human erythrocytes [1-3], Ehrhch ascltes tumor cells 
[4], mouse lymphoma L5178Y cells [5] and HeLa cells [6] is strongly inhibited by 
S-mtrobenzyl derivatives of thlomoslne and thloguanosme, nltrobenzylthtomosme ts 
the best stu&ed of these Nitro [t*C]benzylthtolnosme interacts with erythrocyte 
ghosts [7] and intact erythrocytes [8] in 2 ways (a) a reversible, saturable binding to 
hlgh affinity sites m the membrane, and (b) a nonsaturable uptake proportional to 
the concentration of mtrobenzylthlomosme m the medium Each erythrocyte had 
1 0-1 5 104 hlgb affimty binding sites for which the mtrobenzylthiolnosme dissocia- 
tion constant was approximately 10 -9 M [8] These sties are considered to Interact 
with, or to be part of, the urldme transport mechanism because Inhibition of urmdme 

Abbreviations Various compounds are named as R-S derivatives (methylthlo, propylthlo, 
etc ) of thlomosme (6-thlo-9-fl-n-nbofuranosylpurme), deoxythJomosme (6-thio-9-fl-o-2"-deoxym- 
bofuranosylpurme), or of thioguanosme (2-ammo-6-thio-9-fl-D-rlbofuranosylpurme), mtrobenzyl, 
4-mtrobenzyl, hydroxynitrobenzyl, 2-hydroxy-5-mtrobenzyl, mtrobenzylselenoguanosme, 2-amino- 
6- ((4-mtrobenzyl)seleno)-9-fl-o-ribofuranosylpurme, mtro [~ *C/benzylthxonosme, 6-((4-mtro 17-1*Cl- 
benzyl)thio)-9-fl-D-nbofuranosylpurme, persantm, 2,6-bts(diethanolammo)-4,8-d|piperidmopyrima- 
do(5,4-d) pyrlmidme, TES, N-tris(hydroxymethyl) 2-ammoethanesulfomc acid 
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transport was proportional to the number of sites occupied by mtrobenzylthlomosme 
[8] 

High affinity binding of nltrobenzylthmlnoslne to erythrocyte membranes was 
slgmficantly reduced or ehminated by the related transport mhlbltors, methylthlo- 
moslne and hydroxynltrobenzylthmguanosme, and partmlly reduced by urldme 
itself [8] These observations were extended m the present study, and the abdtty of 
various thlopurlne derivatives and substrates of the urldme transport mechamsm to 
inhibit the high affimty binding of nltrobenzylth~olnosme have been interpreted 
assuming competition between the inhibitory compounds and nltrobenzylthmlnoslne 
at the high affimty sites 

MATERIALS AND METHODS 

Erythrocytes were obtained from whole blood collected in acid citrate-dextrose 
solution (U S P ) and stored at 4 °C for 21-28 days by the Red Cross Society Blood 
Transfusion Service, Edmonton, Alberta Unless otherwJse noted, erythrocytes were 
washed 3 times m buffered saline with centrlfugatlon at 1700 × 9 for 15 mm Buffered 
sahne consisted of 140mM NaCI, 1 4 m M  MgSO4 and 18 mM N-trls(hydroxy- 
methyl) 2-amlnoethanesulfonlc acid (TES) at pH 7 4 

The binding of nltro[14C]benzylthlolnosme to erythrocytes has been described 
prevLously [8], assays were mmated by the addition of 1 0 ml of cell sediment (approx- 
imately 1 0 10 I° erythrocytes) to 10 0 ml of buffered sahne contalnmg nitro[ 14C] 
benzylthlolnoslne with and without competmg nucleosldes Such mixtures were 
incubated wlth shaking for 15 mln at 25 'C, cellular uptake of mtrobenzylthlolnosme 
was complete in less than 5 mm and was unaffected by decreasing lncubatmn tem- 
perature to 4 r'C Reactmns were terminated by centrlfugatton (I 5 ram, 4 °C, 1700 / 9) 
and supernatants were reserved for analysis, cell sediments were washed once by 
centrifugatmn (15 mm, 4 ~C, 1700 ~9), resuspended m 1 vol of cold buffered sahne 
and assayed (a) for cell concentration using an electromc pamcle counter, and (b) 
for cellular content of mtro[14C]benzylthmmosIne In the latter assay, two 0 5 ml 
portions from each cell suspension were distributed on absorbant strips for 1~C 
assay by a combustlon-hqmd scintillation procedure [9] The concentration ol 
nitro[14C]benzylthiomosme m reactmn mixture supernatants was determined from 
the 14 C content of the latter which was assayed using Brays' solutmn [10] and llqmd 
scintillation counting 

For calculatmn of apparent dlssocmtlon constants (Ko), the final concentra- 
tmns of competing compounds in reaction m~xture supernatants were determmed 
spectrophotometncally Slmdar results were obtained when binding assays were 
performed using nltro[14C]benzylthlolnosIne and [aH]urldlne or [3H]thymldIne, the 
14 C and 3H contents of reaction mixture supernatants were determined by a combus- 
tion procedure which collected 3H20 and 14CO2 separately [9] 

Erythrocyte ghosts in hypotonlc sodium phosphate (20 mosM, pH 7 4) were 
prepared by the method of Dodge et al [! 1 ] The procedure described above for the 
assay of nltrobenzylthminoslne binding to intact erythrocytes was applied to ghosts 
with the following differences 20 mosM sodium phosphate was used instead of 
buffered sahne, and reactions were terminated by collecting ghosts by cenmfugatlon 
at 10000 "< q for 20 mln at 4 °C 
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In determining the effect of proteolysls on banding of nltrobenzylthloinoslne to 
ghosts, all procedures were conducted in 20 mosM sodium phosphate 50 % suspen- 
sions (v/v) of ghosts were incubated with and without pronase (1 mg/ml) or trypsin 
(1 mg/ml) for 30 man at 37 °C, incubations were terminated by dilution with an 
equal volume of cold 20 rnosM sodium phosphate and the ghosts were washed 3 
times (centrlfugation 20 000 × 9, 45 man, 4 °C) Binding reactions were initiated by 
combining 1 vol of a 50 % (v/v) suspension of ghosts with 10 vols of 20 mosM sodmm 
phosphate containing nltro[l¢C]benzylthloinosine at various concentrations After 
15 rain at 25 °C, reactions were terminated by centrlfugatlon (20 000×9,  45 mln, 
4 ~C) The resulting sedaments were resuspended in 20 mosM sodium phosphate and 
assayed for 14C and protean content [12] 

Persantm and nltrobenzylselenoguanosine were gifts, respectively, from 
Boehrlnger Ingelhelm, Pharma-Research Canada, L td ,  Dorval, Quebec and from 
Dr L B Townsend, Umversity of Utah, Salt Lake City, Utah The 2'- and 3 '-0- 
methyl derivatives of nItrobenzylthloinoslne and mtrobenzyldeoxythlolnoslne [13] 
were generously p rov ldedbyDr  M J Robins, Umverslty of Alberta Thloguanoslne, 
methylthaoguanosine, propylthioguanoslne and 2-amlno-6-(benzylthlo)-9-fl-D-3'- 
deoxyribofuranosylpurlne were provided by Drug Research and Development, 
National Cancer Institute, Bethesda, Maryland Nltrobenzylthlolnoslne and hydro- 
xynltrobenzylthioguanoslne were purchased from Raylo Chemicals L td ,  Edmonton, 
Alberta Synthesis of  nitro [1 ¢C]benzylthlolnoslne, 2 01 10 7 cpm//~mol, was reported 
previously [7] [5-aH]uridlne (4 Ci/mmol) and [methyl-3H]thymldlne (2 Ca/mmol) 
were commercml products 

RESULTS 

Saturable and nonsaturable components of nttrobenzylthlolnoslne uptake by 
erythrocytes are apparent in Fig 1 The saturable, high affinity component was 
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Fig 1 Inhtbmon by urichne of bmdmg of mtro[t*C]benzylthlomosme to erythrocytes (A) Cells 
were incubated for 15 mm at 25 °C m buffered saline containing mtro[l*C]benzylthlomosme at 
various concentrations with (&) or without (0)  12 0 mM undme, and the mtrobenzylthlomosme 
content of the cells and of the medium were then deterrmned from their 14C contents (B) Reciprocals 
of saturably bound mtrobenzylthlomoslne m the presence (A)and absence (0) of undme were 
calculated from data m A as described m the text and are plotted against reciprocals of the final 
concentrations of mtrobenzylth~olnosme found m the medmm 
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determined from the amount of mtro[14C]benzylthlolnoslne displaced by an excess 
of the competing hgand, hydroxynltrobenzylthloguanoslne [8], or by subtracting the 
hnear component of each uptake curve from the total uptake curve 

The apparent d~ssocmtlon constant (KD) for mtrobenzylthlomosme at the 
high affimty sites was obtained from reciprocal plots of the saturable binding com- 
ponent as m Fig IB [14], the mean (zkS D ) of 12 determinations was 17 ( ~ 0 6 )  
10 - 9  M (values of 10 10 -9 and 17 10 - 9  M were reported previously [8]) 

The nonsaturable component of nltrobenzylthtomoslne uptake (Fig 1A) 
apparently represents nonspec~fic cellular accumulatmn and is greater than predicted 
for a simple equdlbratmn of nltrobenzylthmmnosme between cells and medium (data 
not shown), perhaps because of accumulation m the lipid phase of the membrane 
Nonsaturable uptake by erythrocyte ghosts was smgmficantly reduced by repeated 
washing, whereas saturable uptake was unaffected [7, 8] 

Experiments which measured the saturable high affinity binding of nitro[ l 4C] 
benzylth~omosme to erythrocytes m the absence and presence of various nucleosmde 
substrates of the uridme transport mechanism are summarized in F~g 1" and Table 1 
Binding was assayed at various concentrations of nltrobenzylth~omosme, and for 
nucleosldes that reduced nitrobenzylthmolnoslne binding, values of KD for thexr mter- 
actmn with the binding sites were calculated from reciprocal plots of the saturable 
component (Fig lB) and a relationship that assumes reversible mteractmn of corn- 

TABLE 1 

A P P A R E N T  D I S S O C I A T I O N  C O N S T A N T S  (Ko) F O R  B1ND1NG OF N U £  LEOSIDE PERME-  
ANTS TO T H E  N I T R O B E N Z Y L T H I O 1 N O S I N E  B I N D I N G  SITES OF E R Y T H R O C Y T E S  

As in Fig 1, erythrocytes were incubated in the presence or absence of  a nucleoslde permeant [2, ~] 
with various concentrations of  nitro [i 4C]benzylthmlnosme ' and the content of  the latter in medium 
and saturably bound  to cells was determined KD values for the binding of  nucleosmdes to the nltro- 
benzylthlOlnosme sites were calculated according to the method of  Edsall and Wyman [14] 

Nucleoslde Concentrat ion (mM) KD (M 103) 

Arablnosylcytosme 13 2 13 0 
Urldlne* 12 0 2 ~ 

116 4 5  
Thymldlne** 12 6 ~ 3 
4 Th loundme 1 I 1 I 
Inoslne I I 5 4 7  
Guanoslne 4 6  25  
Adenosine 4 8  10 

112 11 
121 12 

2 '-Deoxyadenosme 9 0  0 9  
Arabmosylademne 2 0  0 6  

* Present as [5-aH]undlne 
** Present as [meth~l-31-I]thymldme 

* The d~fference between the total uptake of  nltrobenzylth~olnosme in the presence and absence 
of  the competing llgand xs small (Fig 1A) because of  the saturable and nonsaturable uptake com- 
ponents ,  the latter is the larger 
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TABLE 1I 

APPARENT DISSOCIATION CONSTANTS (Ko) FOR BINDING OF INHIBITORS OF 
UR1DINE EFFLUX TO THE NITROBENZYLTHIOINOSINE BINDING SITE OF ERYTH- 
ROCYTES 

/Co values for the compounds listed were determmed from their abdlty to inhibit the saturable b i d i n g  
of mtro [14C]benzylthlOlnosm e m experiments similar to those of Fig 1 and Table I 

Inhibitor Concentration (raM) KD (M 103) 

2',3"-O-Isopropyl- 
Jdeneundme 
2',3'-O-lsopropyl- 
ldeneadenosme 
Th~oguanosme 

MethylthlOlnoslne 

l l  2 490 

63 15 

09 02 
16 02 
01 003 
02  007 
08 01 

petmg llgands with the same set of sites [14] Similar K v values were obtained at 
different concentrations of adenosine (Table I), an indication [14] that nltrobenzyl- 
thlolnoslne and adenosine compete for the same set of sites 

The relative affinmes of 4 mhlbltors* of nucleoslde transport [2, 3] for the 
mtrobenzylthlolnoslne binding sites are indicated in Table II The effect of methyl- 
thlomosme was examined at several concentrations (Fig 2, Table II) and, although 
the KD values obtamed have a somewhat greater range (0 3-1 0 10-* M) than those 
for adenosine (Table I), the data suggest that methylthtomosine and mtrobenzyl- 
thlomosme Interact with the same binding sttes [14] 
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InhibRlon by methylthlOlnosme of blndmg of mtro [14C]benzylthlomosme to erythrocytes 
Cells were mcubated with various concentrations of  mtro [1 *C]benzylthlolnosme in the absence (O) 
or presence of methylthlomoslne at 0 1 m M ( & )  or 0 3 mM (m) and, as m Fig 1, determmatlons 
were then made of mtrobenzylth~Olnoslne m the medium and of that saturably bound to cells /Co 
values obtamed from these data for bmdmg of methylthiOlnosme are listed m Table II 

* T r a n s  mhlbltlon these compounds, when added to extracellular medmm, inhibited efflux of 
radioactive urldme [2, 3] 
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Fig 3 Inh lb l tmn  of  nl t ro[~ '~C]benzylthlomoslne binding to erythrocyte  ghosts  by methy l th lomo-  
sine Unsea led  ghosts  were incubated  with v a r m u s  concent ra t ions  o f  m t r o [ ~ 4 C ] b e n z y l t h m m o s m e  
in the absence ( O )  or presence ( A ) o f  1 m M  me thy l th lomosme ,  and  the n l t robenzyl th lomoslne  
content  o f  the m e d i u m  (abscissa) and  tha t  b o u n d  to ghosts  (ordinate)  were de te rmined  as ,n Fig I 
KD values for me thy l t h l omosme  and nl t robenzyl th lOlnosme of  1 0 10 - 4  M and  1 2 10 -9  M, re- 
spectwely,  were obta ined  f rom these da ta  [14] 

T A B L E  l l [  
I N H I B I T I O N  OF  S A T U R A B L E  B I N D I N G  O F  N I T R O [ I ~ C ] B E N Z Y L T H I O I N O S 1 N E  TO 
E R Y T H R O C Y T E S  BY D E R I V A T I V E S  OF  T H I O I N O S I N E  A N D  T H I O G U A N O S I N E  

As  m Fig 1, erythrocytes  were incubated  in buffered sahne  conta in ing  0 5 p M  mtro  [14C]benzylthlo- 
lnosme  (a concent ra t ion  m excess o f  b inding  sa tu ra t ion  (see Fig 1)) with and  wi thout  the test com-  
p o u n d  listed The  cellular content  o f  n l t robenzyl thlolnoslne  sa turably  bound  m the presence o f  a 
test c o m p o u n d  is expressed as a percentage o f  that  in its absence (control)  

Inhibi tor  

MethylthlOlnoslne* 

Nl t robenzyldeoxythlo-  
l n o s l n e * *  

Nltrobenzyl-2 ' -O-  0 01 0 
methyl th lo lnos lne** 

Nl t robenzyl -Y-O-methyl -  0 01 47 
th lo lnoslne** 

Th loguan lne  0 33 100 
Fh loguanosme*  I 6 21 
Methy l th loguanos lne  0 1 10 
Propyl th loguanos lne  0 1 35 
Nl t robenzy l th loguano-  0 025 0 

sine* 
Hydroxynl t robenzyl th lo-  0 001 40 

guanos lne*  0 01 0 

lnltlal Saturably bound  
concn mtrobenzyl thmomosme 
(mM )  (Oo of  control)  

10 0 20 
1 0 ~5 
001 0 

* T r a n s - m h l b m o n  of  u n d l n e  efflux [3] 
** C t s - m h t b m o n  o f  adenosine uptake  [15] 
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The experiment of Fig 3, which was similar to those of  Table II, but performed 
with erythrocyte ghosts, established that the nltrobenzylthlolnoslne blndmg sites 
were located in the membrane K o values of 0 7 10- 4 M (an average of the 3 values 
obtained in the experiment of Table HI)  and 1 0 10- 4 M were obtained for binding 
of metbylthlolnosIne to intact erythrocytes and unsealed ghosts, respectively In 
agreement with previous results [8], KD values for binding of nltrobenzylthlolnoslne 
to intact erythrocytes and to ghosts in the absence of methylthlolnoslne were similar, 
1 7 10 -9 M (see above) and 1 2 l0 -9 M (Fig 3), respectively The nonsaturable 
uptake of nRro[14C]benzylthlolnosIne by ghosts, shown in Fig 3, was greater than 
reported previously [8] because the labeled ghosts were collected without multiple 
washings, which significantly reduce this component  of uptake [7, 8] 

Binding data are presented in Table I I I  for derivatives of  thlolnoslne and 
thloguanoslne, several of  which exhibited greater affinity for nltrobenzylthmlnoslne 
binding sites than did methyltb~oinosine Because final concentrations of  these com- 
pounds were too low for spectrophotometrlc determination, dissociation constants 
could not be calculated, however, their relative affinities for the sites are suggested by 
the concentrattons at which binding of nitro[ 14C]benzylttuoinoslne was substantially 
inhibited Among the compounds wlth highest affinity for binding were hydroxy- 
nltrobenzylthloguanosine and nitrobenzyldeoxythlomoslne, the latter inhibited* 
adenosine uptake in human erythrocytes at lower concentrations than nltrobenzyl- 
thlolnoslne or hydroxynltrobenzylthxoguanoslne [15] 

Table IV indicates that nltrobenzylselenoguanoslne and the 9-tetrahydro-2- 
furyl derivative of  benzylthloguanlne significantly reduced saturable binding of 

TABLE IV 

INHIBITION OF SATURABLE BINDING OF NITRO[14C]BENZYLTHIOINOSINE TO 
ERYTHROCYTES BY OTHER COMPOUNDS 
Experiments were conducted as m Table III 

Inhibitor Imtlal Saturably bound 
concn mtrobenzylthlomosme 
(raM) (% of control) 

Nltrobenzylseleno- 0 025 0 
guanoslne 
2 Ammo-6-(benzyl- 0 02 35 
thlo)-9-fl-o-2'- 
deoxynbofurano- 
sylpurme 
2-Ammo-6-(benzylthlo)- 0 02 33 
9-fl-(tetrahydro-2-furyl) 
purlne 
Persantm* 0 05 16 
Colcemld* 0 1 54 
Colchlcme* 1 0 100 

* Inhibited nucleoslde transport m cultured cells [16-19] 

* Cts  Inhibition these compounds, when added to extracellular medmm, mh~bRed uptake of 
ra&oactlve adenosine [15] 
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Fig 4 ]Effect of trypsin and pronase on binding of mtro[~C]benzylthlomosme to er~thro~.yte 
ghosts Ghosts were incubated at 37 C for 30 mln without ad&tlves (O), or w~th 1 mg/ml trypsin 
(A) or pronase (I)  and, after ,hashing, were incubated with various concentrations of mtro [L4C]- 
benzylth~omoslne for 15 mln at 25 C The final medmm content of nltrobenzylthlomoslne, deter- 
mined as in Fig 1, is plotted against that of the ghosts (ordinate) 

mtro[14C]benzylthlomoslne Persantln (0 05 mM) and colcemld (0 1 mM)inh ib i ted  
binding of mtro[14C]benzylthlomosme but colchlclne (1 0 m M )  did not do so 
these compounds are mhlbltors of  nucleoslde transport [16-19] 

Compounds that had no dlscermble effect on binding of mtrobenzylthlo- 
lnosme were uracil (5 1 mM),  UMP (3 9 raM), 6-azaundme (6 6 raM), 6-thloguanme 
(0 3 raM), and 2-deoxycytMme (10 5 mM) Although prewously recognized as a 
substrate for the urldme transport  mechamsm along with the other compounds 
hsted m Table I [2, 3], deoxycytMme &d not compete with mtrobenzylthlomosme 
for binding as did the compounds of Table 1 

The effect of hmlted proteolysls on binding of mtro [14C]benzylthlolnosme to 
erythrocyte ghosts was examined (Fig 4) These KD values for mtrobenzylthlolnoslne 
were obtained after incubation with the following control (1 3 l0  - 9  M), trypsin 
(6 0 10 - 9  M), and pronase (7 4 10 -9 M) The number of saturable sites (calculated 
from the v-intercept of  plots of reciprocals of  saturably bound mtrobenzylthlomosme 
and the concentration of free mtrobenzylthlomoslne [8, 14]) decreased to 27 "o and 
24 ",, of control values, respectively, m trypsin- and pronase-treated ghosts 

DISCUSSION 

The present study demonstrates inhibition of nitrobenzylthlomosme binding 
to high affimty receptor sites m the erythrocyte membrane by several thlopurme 
derivatives and by substrates of  the urldlne transport  mechamsm Assuming competi- 
tion for binding wtth mtrobenzylthlolnosme, &ssoclat~on constants for the mhlb~tory 
compounds at these sites were calculated using mass taw relationships defined by 
Edsall and Wyman [14] and the nltrobenzylthlolnosme dissociation constant reported 
here Compounds that were potent mhlbltors of urldme transport  exhibited high 
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affinity for the nltrobenzylthlolnoslne binding sites (Tables II-IV) Substrates of the 
urldlne transport mechanism [1, 2, 15] were bound to nltrobenzylthlomoslne sites 
with apparent K a values of 1 0 - 2 - 1 0  - 4 M 

Granting that nltrobenzylthlolnoslne and related test compounds competed 
for binding, it is apparent that the S-substltuent contributes importantly to binding 
In this group of compounds, the rlbosyl group is also an important structural deter- 
mlnant of Inhibitory activity toward nucleoslde transport (Paterson, A R P ,  Schwarz- 
kopf, J ,  Babb, L and Cass, C E ,  unpublished results) 

The present findings on the inhibition of nltrobenzylthlolnoslne binding by 
nucleoslde permeants are Interpreted assuming competition between the nucleosldes 
and nltrobenzylthlolnoslne at the high affinity sites We envisage a simple model for 
the urldlne transporter with these features (a) the transporter's permeant site (it is 
presumed that nucleoslde permeants interact with a specific site on the transporter 
mechanism in initiating the process of translocatlon across the plasma membrane) 
accepts as "substrates" a variety of nucleosldes, including deoxycytldlne [l], (b) 
when the high affinity binding sites (presumed to be on the transporter) are occupied 
by nltrobenzylthlolnoslne or congeners, function of the urldlne transporter is blocked, 
(c) the nltrobenzylthlolnoslne sites appear to be distinct from the permeant sites 

The need to distinguish between the nltrobenzylthlolnoslne and the permeant 
sites arises from the result that deoxycytldlne, previously recognized as a permeant 
through participation in the accelerated exchange diffusion process with uridme [3], 
did not compete for binding with nltrobenzylthlolnosine. In other words, this result 
is Inconsistent with a simple model in which nltrobenzylthlolnoslne, a potent inhibitor 
of the urldlne transport system, is bound at permeant sites The hypothesis that the 
sites for binding of this transport Inhibitor are distinct from those involved in nucleo- 
side permeation is consistent with the fact that a variety of structurally diverse com- 
pounds (such as persantln [16, 17], colcemld [18], colchlclne [19], cytochalasln B 
[20] and aflatoxlns [21]) are also potent lnhlbltors of nucleoslde transport, the 
absence of obwous structural relationships between these lnhlbltors and the per- 
meants involved suggests that these mhlbltors may not Interact with the transport 
mechanism at the actual permeant site The urldlne transporter is an obviously 
complex mechanism, the present results illustrate this complexity in showing a 
distinction between binding sites for the transport inhibitor nltrobenzylthlolnoslne 
and permeant sites for deoxycytldme 

The effect of limited proteolytlc digestion on mtrobenzylthlOlnosine binding 
(Fig 4) should be considered in the light of recent reports that limited proteolysls of 
ghosts did not significantly Impair glucose transport [22-27] and that the urldlne 
transport mechanism of cultured hepatoma cells was resistant to enzymatic treatment 
[28] Although the affinity of the binding sites for nitrobenzylthlolnosIne was not 
markedly changed, the number of sites was reduced 4-fold, suggesting that the 
nltrobenzylthlolnoslne binding sites are relatively exposed 
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