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Summary. We have measured by rapid kinetic techniques the 
z e ro - t ra n s  influx of hypoxanthine in various cell lines and its 
sensitivity to inhibition by uridine, dipyridamole, nitrobenzyl- 
thioinosine and nitrobenzylthiopurine. The results and those re- 
ported earlier divided the cells into two distinct groups, In mouse 
P388, L1210 and L929 ceils uridine and hypoxanthine had little 
effect on the transport of each other, supporting the view that 
nucleosides and hypoxanthine are transported by different carri- 
ers. In these cells, hypoxanthine transport was also uniquely re- 
sistant to inhibition by dipyridamole (ICs0 (50% inhibition dose) 
> 30 ~M). In Novikoff and HTC rat hepatoma, Chinese hamster 
ovary and Ehrlich ascites tumor cells, on the other hand, hypo- 
xanthine and uridine inhibited the transport of each other about 
50% at a concentration corresponding to the Michaelis-Menten 
constant of their transport, and hypoxanthine transport was 
strongly inhibited by dipyridamole (ICs0 = 100 to 400 nM). Al- 
though these results are compatible with the view that nucleo- 
sides and hypoxanthine are transported by a common carrier in 
these cells, this conclusion is not supported by the finding that 
uridine transport is strongly inhibited in some of these cell lines, 
as in the first group of cells, by nitrobenzylthioinosine, whereas 
hypoxanthine transport is highly resistant in all cell lines tested. 
In contrast, the transport of both substrates is highly resistant to 
inhibition by nitrobenzylthiopurine. The Michaelis-Menten con- 
stants for uridine transport are about the same in all cell lines. 
The Michaelis-Menten constants for hypoxanthine transport are 
similar to those for uridine transport in some cell lines, but are 
much higher in others. This difference is unrelated to the sensi- 
tivity of uridine and hypoxanthine transport to inhibition by each 
other or dipyridamole. 
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Introduction 

The Michaelis-Menten constants and maximum ve- 
locities for the transport of nucleosides and Hyp are 
of the same order of magnitude for some different 
lines of cultured mammalian cells (Plagemann & 
Wohlhueterl 1980, 1982). In addition, both nucleo- 
side and Hyp transport across the plasma mem- 

brane are indifferent with respect to direction (di- 
rectional symmetry) and the mobilities of 
substrate-loaded and empty carrier are equivalent 
(transmembrane equilibration of substrate under 
equilibrium exchange and zero-trans conditions is 
the same). We have also found that nucleosides 
strongly inhibit the transport of Hyp in Novikoff rat 
hepatoma cells, and, vice versa, that Hyp similarly 
inhibits the transport of nucleosides in these cells 
(Marz, Wohlhueter & Plagemann, 1979; Wohlhue- 
ter, Marz & Plagemann, 1979; Plagemann & 
Wohlhueter, 1980). A similar finding has been re- 
ported for CHL cells (Slaughter & Barnes, 1979; 
Slaughter, Fenwick & Barnes, 1981). Because Hyp 
and dThd inhibited the transport of each other in an 
apparent competitive manner with Ki values similar 
to the Km values for their transport, Slaughter et al. 
(1981) have suggested that nucleosides and Hyp are 
transported by a common carrier. We (Plagemann 
& Wohlhueter, 1980) have argued against this inter- 
pretation on the basis of genetic evidence and dif- 
ferences of nucleoside and Hyp transport to inhibi- 
tion by NBTI. Nucleoside transport in a variety of 
cells is strongly inhibited by NBTI (Ki about 1 riM), 
whereas Hyp transport, in at least some of the same 
cell types, has been shown to be little affected by 
concentrations of NBTI that close to saturate the 
high-affinity NBTI binding sites on the nucleoside 
carrier (Plagemann & Wohlhueter, 1980; Wohlhue- 
ter, Brown & Plagemann, 1983), Also, a mutant of 
mouse lymphoma $49 cells which is defective in 
nucleoside uptake (Cohen, Ullman & Martin, 1979) 
and lacks high-affinity NBTI binding sites (Cass et 
al., 1981) takes up Hyp unabated. Here we have 
further analyzed Hyp transport in a number of cell 
lines and show that two types of Hyp transporter 
can be distinguished on the basis of great differ- 
ences in their sensitivities to inhibition by nucleo- 
sides and dipyridamole. 
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ABBREVIATIONS 

Hyp, hypoxanthine; Urd, uridine; dThd, thymidine; NBTI, 6-(4- 
nitrobenzylthio)-9-/3-D-ribofuranosyl purine; NBTP, 6-(4-nitro- 
benzylthio)purine; CHO cells, Chinese hamster ovary cells; 
CI-IL cells, Chinese hamster lung cells; EAT cells, Ehrlich as- 
cites tumor cells; ICs0, concentration causing 50% inhibition. 

mice (Levinson, 1972). A tumor-bearing mouse was kindly sup- 
plied by Dr. C. Levinson (University of Texas). Harvested cells 
(1 to 5 x 109 cells/mouse) were washed in balanced salt solution, 
suspended to 1 to 2 x 107 cells/ml of BM42B and used in trans- 
port experiments within 3 hr of harvest. 

HYP  TRANSPORT 

Materials and Methods 

MATERIALS 

[2-3H]Hyp and [5-3H]Urd were obtained from Moravek Bio- 
chemicals (Brea, Calif.) and diluted to desired specific radioac- 
tivities with unlabeled Hyp. Unlabeled Hyp and Urd were pur- 
chased from Sigma Chemical Co. (St. Louis, Mo.) and unlabeled 
NBTI from Calbiochem (San Diego, Calif.). Dipyridamole was a 
gift from Geigy Pharmaceuticals (Yongers, N.Y.). The synthesis 
of NBTP was carried out according to Johnson, Holman and 
Montgomery (1958). 6-Mercaptopurine �9 H 2 0  (Nutritional Bio- 
chemicals, Cleveland, Ohio, 1.12 g) plus K2CO3 (0.91 g, anhy- 
drous) were dissolved in 5 ml of N,N-dimethylformamide and 
mixed slowly with p-nitrobenzylbromide (Aldrich, Milwaukee, 
Wis., 1.4 g dissolved in 2.5 ml N,N-dimethylformamide). The 
reaction was allowed to proceed 30 rain at 40~ and the product 
was crystallized from glacial acetic acid. 

The crystalline product had a UV spectrum virtually identi- 
cal to that of NBTI, but distinct from either starting reagent. In 
high-pressure liquid chromatography on a C18 reverse-phase 
column (Whatman-ODS-3, 2.5 x 250 ram, eluted isocratically 
with 55 vol methanol/45 vol 1 mM (NH4)3PO4 + 1 mN NH4C1, pH 
4.8) the product eluted as a homogeneous peak, somewhat later 
than NBTI, and much later than 6-mercaptopurine. 

CELL CULTURE 

Wild-type Novikoff rat hepatoma cells (NIS 1-67) and an adeno- 
sine kinase and Hyp phosphoribosyltransferase-deficient variant 
thereof (1-22, Plagemann & Wohlhueter, 1983a) were propagated 
in suspension culture in Swim's medium 67 as described previ- 
ously (Plagemann & Wohlhueter, 1982). Wild-type Chinese ham- 
ster ovary (CHO) cells, CHO-DAP12 cells, CHO-Azarts, mouse 
L929-2 cells, mouse leukemia P388 and L1210, and rat hepatoma 
HTC cells were propagated in a similar manner in Eagle's Mini- 
mal Essential Medium for suspension culture supplemented with 
serum, nonessential amino acids, D-glucose, sera and Pluronic 
F68 as described previously (Plagemann & Wohlhueter, 1983a). 
CHO-DAP12 ceils are deficient in adenine and Hyp phos- 
phoribosyltransferase, whereas CHO-Azarts is an azaguanine-re- 
sistant variant with normal levels of Hyp phosphoribosyltrans- 
ferase (Harris & Whitmore, 1974). L929-2 is a varient of NCTC- 
929 cells which is deficient in adenine phosphoribosyltransferase 
(Puziss, Wohlhueter & Plagemann, 1983). A starter culture of 
HTC cells was kindly provided by Dr. Daryl Granner (University 
of Iowa). All cell lines were demonstrated to be free of myco- 
plasma contamination by uridine/uracil incorporation 
(Schneider, Stanbridge & Epstein, 1974). For experiments, cells 
were harvested by centrifugation from mid to late exponential 
phase cultures and suspended to 5 x 106 to 2 x 107 cells/ml of 
basal medium 42 (BM42B). EAT cells were propagated in Swiss 

Hyp transport was measured in cell suspensions at 25~ as de- 
scribed previously (Plagemann & Wohlhueter, 1982). Time 
courses of transmembrane equilibration of radiolabeled Hyp 
were determined under zero-trans conditions by rapid kinetic 
techniques (15 time points per time course). The time intervals of 
sampling were progressively increased with increase in substrate 
concentration (see Plagemann & Wohlhueter, 1982) or inhibitor 
concentration (e.g., Fig. 1). Intracellular substrate concentration 
was expressed on the basis of intracellular water space deter- 
mined by use of SHzO. An integrated rate equation describing the 
time course of transmembrane equilibration of substrate in the 
zero-trans mode by a carrier with directional symmetry and 
equality of movement of empty and substrate-loaded carrier was 
fitted to the zero-trans data pooled for six to eight Hyp concen- 
trations (Plagemann & Wohlhueter, 1982): 

S2, = ,  S x [ 1 -  exp ( - t V K  ++ (12S1 + ~'/JS1/K)Szt~] (1) 

where S2,t = concentration of intracellular substrate at time t; $1 
= extracellular substrate concentration, K = Michaelis-Menten 
constant and V = maximum velocity. This equation was also 
fitted to time courses of Hyp and Urd equilibration across the 
membrane at single concentrations (320, 500 or 1000 ~M), in 
which case K was fixed at 500 ~M for Hyp (see Table 4) or 250 
~M for Urd (Plagemann & Wohlhueter, 1984b). Initial zero-trans 
entry velocities (v~) were calculated for a given substrate con- 
centration as the slopes of the equilibration curves described by 
Eq. (1) at t = 0: v~ = S~V/(K + SO. 

In experiments designed to assess the effect of inhibitors on 
Hyp transport, dipyridamole, NBTI or NBTP were added to cell 
suspensions to the indicated concentrations at least 2 rain prior 
to transport assay. Urd, at the indicated concentrations, was 
added simultaneously with labeled transport substrate. 

The theoretical equations were fitted to data by a general- 
ized least-squares regression program based on the algorithm of 
Dietrich and Rothmann (1975) and implemented on a Hewlett- 
Packard 9825 computer. Parameter values are reported -+ SE of 
the estimate if not indicated otherwise. 

Results and Discussion 

Figure I illustrates representative time courses of 
transmembrane equilibration of 500 ~M [3H]Hyp by 
a Hyp phosphoribosyltransferase-deficient variant 
of Novikoff cells in the presence of the indicated 
concentrations of dipyridamole or Urd and illus- 
trates the general method of measuring z e r o - t r a n s  

influx in all experiments presented, both in these 
cells as well as in wild-type cells not deficient in 
Hyp phosphoribosyltransferase. In wild-type cells 
less than 10% of the intracellular radioactivity was 
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Fig. 1. Effect of dipyridamole and Urd on the zero-trans influx of Hyp in Hyp phosphoribosyltransferase-deficient Novikoff cells (1- 
22). A, Samples of a suspension of 1.1 x 107 cells/ml of BM42B were supplemented with the indicated concentrations of dipyridamole. 
Then the time course of transmembrane equilibration of 500/zM [3H]Hyp (0.6 cpm/pmol) was measured at 25~ B. Time courses of 
transmembrane equilibration of 500/xM [3H]Hyp were determined in a suspension of 2.2 x 107 cells/ml in absence and presence of 
various concentrations of Urd. Urd was added simultaneously with radiolabeled Hyp. The initial velocities of zero-trans entry (v~) 
were computed by integrated rate analysis of the data as described under Materials and Methods. For the control cells, v~ = 47 (in A) 
and 40 (in B) pmol//xl cell water - sec. The v~ values for the inhibitor-treated cells are summarized in Fig. 2A and B as percent of control 

associated with nucleotides after 1 min of incuba- 
tion with 500 IxM [3H]Hyp (data not shown; see Pla- 
gemann & Wohlhueter, 1980). Thus, at this high 
Hyp concentration uptake time courses in wild-type 
cells, just as in Hyp phosphoribosyltransferase- 
deficient cells, reflected transmembrane equilibra- 
tion of unmodified Hyp (also see Plagemann & 
Wohlhueter, 1982). This conclusion is further sup- 
ported by comparable time courses of uptake of 500 
/XM Hyp by the Hyp phosphoribosyltransferase- 
deficient variant and wild-type Novikoff cells and 
similar effects of dipyridamole and Urd on Hyp up- 
take in these cells (see later). In the experiment 
illustrated in Fig. 1 and similar experiments with 
other cell lines and/or other inhibitors, initial zero- 

[ozt~ trans entry velocities ~ 12) were estimated as the 
zero-time slopes of the time courses of transmem- 
brane equilibration (see Materials and Methods). 

v12 values for Hyp transport in a In Figure 2 the zt 
number of cell lines are plotted as a function of the 
concentrations of dipyridamole and Urd. The Hyp 
concentration of 500/ZM was sufficient to achieve in 
most cell lines about 50% of maximal influx. In all 
instances inhibition of Hyp influx was dependent on 
inhibitor concentration, but two patterns of inhibi- 
tion were observed. Hyp influx in wild-type Novi- 
koff and CHO ceils and their Hyp phosphoribosyl- 
transferase-deficient variants, in HTC rat hepatoma 
cells and mouse EAT cells was strongly inhibited by 

dipyridamole (IC50 --- 100 to 400 riM) and Urd (IC50 
= 100 to 400 tZM), whereas Hyp influx in mouse 
P388, L1210 and L929-2 cells was at least 100 times 
more resistant to dipyridamole (IC50 > 30/ZM) and 
at least 10 times more resistant to Urd (IC50 > 5 
mM).  

Previous reports indicated that Hyp transport is 
highly resistant to inhibition by NBTI in CHO cells 
(Wohlhueter, Marz & Plagemann, 1978) and CHL 
cells (Slaughter et at., 1981). We have extended this 
finding to P388, L929-2 and E A T  cells (Table 1). 
NBTI at a concentration of 1 ~M inhibited Hyp in- 
flux only about 10 to 15%, whereas this concentra- 
tion completely inhibits NBTI-sensitive nucleoside 
transport in these cells (see later). In addition, Hyp 
influx as well as Urd influx was little, if at all, af- 
fected by NBTP, the base counterpart of NBTI (Ta- 
ble 2). 

Table 3 compares the sensitivities of Urd and 
Hyp transport in various cell lines to inhibition by 
NBTI, dipyridamole and each other. At least two 
groups of cells can be distinguished on the basis of 
these results. One group consists of P388, L1210 
and L929-2 cells. In these cells Urd and Hyp trans- 
port are little affected by each other, which sup- 
ports the view that Hyp and nucleosides are trans- 
ported by distinct carriers. Nucleoside transport in 
these cells is highly sensitive to inhibition by NBTI 
and dipyridamole, whereas Hyp transport is highly 
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F i g ,  2. Zero-trans Hyp influx in various cell lines as a function of concentration of dipyridamole (A) and Urd (B). Some of the values for 
1-22 ceils in A and B were calculated from the data in Fig. 1. All other experiments were conducted in the same manner as illustrated in 
Fig. 1. The v~ values for untreated control cells ranged from about 10 pmol/p.l cell water ,  sec for CHO and EAT cells to as high as 100 
pmol//zl cell water �9 sec for P388, L1210 and Novikoff cells in the various experiments 

Table 1. Effect of NBTI on Hyp transport in various types of 
cells a 

Table 2. Effect of NBTP on the transport of Urd and Hyp in 
various cell lines ~ 

Ceils v~ (pmol//xl cell HzO ' sec) Cell line NBTP 
(~M) 

v~ (pmol//xl cell H20 �9 sec) 

Control + 1 /~M NBTI Urd Hyp 

P388 35.1 .+ 2.0 32.6 -+ 1.2 
L929-2 14.6 .+ 0.8 12.6 -+ x 0.4 
EAT 5.7 .+ 0.3 4.6 -+ 0.3 

One portion of each cell suspension was supplemented with 
NBTI as indicated and the other portion remained untreated. 
Then the zero-trans influx of 500 p~M pH]Hyp (0.6 cpm/pmol) 
was measured in duplicate as described in Materials and 
Methods. 

resistant to both NBTI and dipyridamole. The high 
resistance of Hyp transport to inhibition by dipyri- 
damole is unique to this group. Also characteristic 
of this group is the extent to which nucleoside trans- 
port is inhibited by nanomolar concentrations of 
NBTI (NBTI-sensitive transport, >85%). This inhi- 
bition is correlated with the binding of NBTI to 
high-affinity binding sites on the transporter (Kd <~ 1 
riM; Wohlhueter et al., 1983; Plagemann & 
Wohlhueter, 1984b). The residual nucleoside trans- 
port in this group of cells is inhibited by NBTI only 
at concentrations >1 /xM, as is the case for practi- 
cally all nucleoside transport in Novikoff, HTC, 
Walker 256 carcinoma and CHL cells, in which 

N1S1-67 0 6.5 -+ 0.5 9.9 -+ 0.7 
1 5.6 -+ 0.2 7.6 +- 0.5 
5 6.7 -+ 0.5 9.4 +_ 0.6 

CHO WT 0 4.5 - 0.6 4.3 _+ 0.4 
1 3.8 +- 0.5 4.4 _+ 0.5 
5 3.1 -+ 0.6 4.0 _+ 0.3 

L929-2 0 14.1 --- 0.9 25.7 _+ 3.2 
1 10.7 +- 0.8 - -  

5 8.5 -+ 0.4 31.4 _-2- 4.8 

a Samples of a suspension of each cell line were supplemented 
with NBTP as indicated and then the zero-trans influx of 320/xM 
Urd (l.5 cpm/pmol) and 320/xM Hyp (1.2 cpm/pmot) was deter- 
mined as described in Materials and Methods. 

cells high-affinity NBTI binding sites are absent 
(NBTI-resistant transport; Wohlhueter et al., 1978; 
Slaughter & Fenwick, 1981; Belt, 1983a,b). In CHO 
and EAT cells (Table 3) as well as in HeLa (Pater- 
son et al., 1980; Dahlig-Harley, Eilam, Paterson & 
Cass, 1981) and MTC hamster cells (Heichal et al., 
1978) NBTI-sensitive nucleoside transport com- 
prises between 30 and 70% of total transport. We 
have postulated that the nucleoside transporter of 
mammalian cells may exist in sensitive and resistant 
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Table 3. Comparisons of effects of Urd and Hyp on the transport of each other and of NBTI and dipyridamole (DIP) a 
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Cell line NBTI-sensitive 
Urd transport 
(% of total) 

Inhibition - IC50 b (~M) 

Urd Transport Hyp Transport 

NBTI DIP Hyp NBTI DIP Urd 

N1S1-67 <10 ~10 1.0 ~500 >5 0.1-0.4 100-500 
HTC <10 ~10 1.0 -1000 ND c ~0.3 -200 
C H O 60-70 0.003-0.006 0.2 >> 2000 > 5 0.1-0.4 100--400 
EAT 45-55 0.001 0.4 >>2000 >5 0.4 -400 
L929-2 >85 0.003-0.006 0.05 >>2000 >5 >20 >5000 
P388 > 85 0.003-0.006 0.1 >> 2000 > 5 > 20 > 5000 
L1210 >85 0.003-0.006 0.3 >>2000 ND >20 >5000 
CHL < 10 > 1 ND 3300 > 2 ND 4300 

a Values for Hyp transport are estimated from results presented in Fig. 2A and B, and Table 1, except those for CHL cells which are 
from Slaughter and Fenwick (1981). Values for Urd transport are from Wohlhueter et al. (1978) and Plagemann and Wohlhueter 

(1984a,b). 
b IC50 = concentration of inhibitor effecting a 50% decrease in v~ at a substrate concentration of 500/xM. 

ND = not determined. 

forms depending on its conformation in the mem- 
brane or interaction with additional membrane com- 
ponents to generate high-affinity NBTI binding sites 
(Plagemann & Wohlhueter, 1984b). The high-affin- 
ity binding of NBTI probably involves a hydropho- 
bic association of its benzyl group with a site adja- 
cent to, but distinct from, the nucleoside binding 
site of the carrier (Wohlhueter et al., 1983). 

For the cell lines studied other than P388, 
L1210 and L929-2, the question of whether Urd and 
Hyp are transported by a common or distinct carri- 
ers is equivocal at present. Some results argue in 
favor of the operation of a common carrier, whereas 
other results are not readily compatible with this 
view. The most compelling argument for a common 
carrier in Novikoff, HTC, CHL, EAT and CHO 
cells is the finding that Urd and Hyp transport are 
inhibited by each other in a reciprocal manner ap- 
proximately corresponding to the Michaelis-Men- 
ten constants of their transport. The Michaelis- 
Menten constants for Urd transport are about the 
same for all the cell lines in Table 3 we have investi- 
gated (150 to 300/~M, see Plagemann & Wohlhue- 
ter, 1984b and unpublished data). The Michaelis- 
Menten constants for Hyp transport, on the other 
hand, differed for these cell lines (Table 4), but in a 
manner unrelated to differences in the sensitivity of 
their Hyp transport system to inhibition by Urd and 
dipyridamole (Table 3). It was 400 to 600 /~M for 
Novikoff, P388 and L929-2 cells, but >2000/~M for 
CHO and EAT cells as well as a line of Chinese 
hamster cells studied by Slaughter et al. (198 I) (Ta- 
ble 4). The high Km values must be considered 
rough estimates because the limited water solubility 
of Hyp precludes use of concentrations higher than 

5 mM. The data in Table 3 show that the IC50 for the 
inhibition of Hyp transport by Urd in N1S1-67, 
HTC, CHO and EAT cells fell between 100 and 500 
/.tM. The IC50 for inhibition of Urd transport by Hyp 
in N1S1-67 was about 500/~M. It was ->2000/xM for 
CHO and EAT cells, which is explained by the dis- 
parity between the K,,'s for Urd and Hyp transport 
in these cells. 

As pointed out already, Urd transport in the 
second group of cells (N1S1-67, HTC, CHO and 
EAT) differs in sensitivity to NBTI, but this differ- 
ence is probably unrelated to carrier specificity and 
may reflect simply differences in the conformation 
of the carrier in the membrane. The differences in 
Michaelis-Menten constants for Urd and Hyp trans- 
port in different cell lines may speak against the 
idea that both are transported by a single carrier. On 
the other hand, when we directly compared Urd 
and Hyp influx at 1 mM in single batches of cells of 
each cell line, we found the ratio of v~ for Hyp/v~ 
for Urd to be about the same for most lines (Table 
5), even though the individual rates for some cell 
lines differed between experiments. It was consist- 
ently about 2 for N1S1-67, HTC, P388 and L929-2 
cells. The ratio was lower for CHO and EAT cells, 
but this was consistent with the higher Km's for Hyp 
transport in these cells. The results indicate that 
there exists a constant relationship between the 
rates of Urd and Hyp transport. This relationship, 
however, held not only for the second group of cell 
types, but also for the first group of cell types with 
distinct Urd and Hyp transporters. 

One serious problem with the single-carrier hy- 
pothesis is the finding that the binding of NBTI to 
high-affinity sites in CHO and EAT cells, as in 
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Table 4. Kinetic parameters  for Hyp  t ransport  in various cell lines a 

Cell llne Pre t rea tment  K V 

(tzM) (pmol/txl 
cell water  �9  

N 1S 1-67 1-9 
wild type 

C H O  wild type 
mzarts 

EAT 
L929-2 
P388 
C H L  b 

None  508 • 48 92 • 12 
ATP-deple ted  390 • 25 68 • 1.9 
ATP-depleted 352 -+ 19 72 • 1.8 
ATP-depleted 2393 • 221 41 • 2 
None  2716 • 327 37 • 2 
ATP-depleted 2976 + 269 152 • 5 
ATP-depleted 426 • 41 38 • 2 
ATP-depleted 445 • 31 48 + 1 
None  2000 • 300 59 • 2.7 

The  exper iments  were conducted  as descr ibed under  Materials and Methods .  Where  indicated, the 
cells were depleted of  ATP by preincubat ion in glucose-free BM42B containing 5 mM K C N  and 5 mM 
iodoacetate (Plagemann,  Marz  & Erbe, 1976). The  concentra t ions  of  radiolabeled Hyp  were generally 
60, 120, 240, 480, 960, 1820 and 3840 bt, M (500 to 900 cpm//zl, i rrespective of  concentrat ion).  Equat ion 
(1) was fitted to the pooled data  and best-fitting parameters  -+ SE of  es t imate  are listed, except  in the 
case of  the Hyp  phosphoribosyl t ransferase-def ic ient  variant o f  Novikoff  cells (1-9) for which means  +-- 
SEM of 8 individual exper iments  are stated.  Data for Novikoff  and P388 cells are f rom Marz  et al. (1979) 
and P lagemann and Wohlhueter  (1982). 
b Data of  Slaughter  et al. (1981); V was recalculated on the basis of  400 ~,g protein//zl cell water .  Cells 
are Hyp  phosphor ibosyl t ransferase  deficient. 

Table 5, Direct compar i son  of  Urd and Hyp  influx in various cell lines ~ 

Cell line Exper iment  1 Exper iment  2 

1 mM Urd 1 mM Hyp  V~ypl 1 mM Urd 1 mM Hyp  Vnyp/ 
v~ v~ v~d v~ v~ vu~d 

NIS1-67 

HTC 
C H O  

E A T  
P388 
L929-2 

wild type 
1-22 
1-14-7 

wild type  
Azarts 

12.9 ___ 0.6 30.8 - 1,2 2.4 11.7 • 1.2 29.0 • 1.0 2.5 
17.1 • 0.7 28.0 • 1.2 1.8 12.7 +-- 0.4 30.1 • 1,3 2.4 
24.9 • 1.9 45.6 • 3.4 1.8 18.3 • 1.1 45.4 - 1.6 2.5 

5.8 • 0.2 11,6 • 0.7 2.0 ND b 

7.9 _ 0.4 7,2 • 0.4 0.91 13.8 - 0.9 9.6 - 0.4 0.70 
12.8 • 0.7 16,8 • 1.1 1,3 6.6 • 0.5 8.0 • 0.5 1.2 
18.5 • 1.0 9,5 • 0.4 0.51 7.9 • 0.3 5.2 • 0.4 0.66 
34.3 • 1.6 85.1 • 3.8 2,5 59.5 • 2.8 103 • 6.6 1.73 
22.2 • 0.8 38.3 • 2.3 1.7 30.8 • 1.8 41.4 • 2.0 1.4 

a The  zero-trans influx o f  1 mM [3H]Urd and 1 mM [3H]Hyp was measured  as described in Materials and  
Methods .  The  same cell populat ion was analyzed for both Urd  and Hyp  influx. 
b ND = not  determined.  

P388, L1210 and L929-2 cells, which results in inhi- 
bition of nucleoside transport, has no significant ef- 
fect on Hyp transport. Slaughter et al. (1981) have 
suggested that the nucleoside binding site on the 
carrier is comprised of a ribose and a base recogni- 
tion site and that the high-affinity binding of NBTI 
blocks only the ribose site and therefore inhibits 
nucleoside but not Hyp transport. It would follow 
that the inhibition of both Urd and Hyp transport by 
NBTI at concentrations above 1 }_t,M must involve 

blockage of the base site also. But this explanation 
does not address the facts that adenine transport is 
not inhibited by nucleosides or Hyp in these ceils, 
even though purine nucleosides are the nucleosides 
transported most efficiently by the carrier (Plage- 
mann & Wohlhueter, 1980; 1983b), or that uracil 
transport is inhibited by nucleosides but not signifi- 
cantly by Hyp (Plagemann & Wohlhueter, 1980). 
Thus, even in cells where there seems to be a simple 
competition between nucleosides and Hyp for 
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transport, this simple reciprocity does not extend to 
other bases. 

Slaughter et al. (1981) have applied their con- 
cept of NBTI binding to a ribose-recognition site to 
suggest that the transporter of the $49 variant defi- 
cient in nucleoside, but not Hyp, transport may be 
specifically defective in the ribose binding site. A 
more straightforward interpretation, however, is 
that $49 cells belong to the same group as P388, 
L1210 and L929-2 cells, which clearly possess dis- 
tinct nucleoside and Hyp transporters. $49 cells are 
the only type of cultured cells which have been re- 
ported to possess a nucleoside transporter exclu- 
sively in the NBTI-sensitive form (Belt, 1983b; Pla- 
gemann & Wohlhueter, 1984b). Other properties of 
nucleoside and Hyp transport have not yet been 
defined for this line. 

The failure of the base-analog of NBTI at a con- 
centration of 1 or 5 /XM to inhibit either base or 
nucleoside transport is pertinent to this issue. As- 
suming that failure to inhibit implies failure to bind 
suggests that the ribose moiety of NBTI is some- 
how crucial to its high-affinity binding. Just what 
role it plays is not clear; from the comparison of 
NBTI and inosine (Wohlhueter et al., 1983), it is 
apparent that the ribose moiety contributes little to 
the free energy of the NBTI/carrier complex. 

Unambiguous answers to the question of speci- 
ficity of transporters involved in nucleoside trans- 
port and nucleobase transport in various cells will 
require further genetic analysis and purification and 
reconstitution of the transporter(s). And, from the 
results presented here, we anticipate that the an- 
swers will be different for different types of cells. 

We thank Laurie Erickson and John Erbe for excellent technical 
assistance and Linda Livermore for competent preparation of 
the manuscript. This work was supported by United States Pub- 
lic Health Service research grant GM 24468. 
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