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NUCLEOSIDE TRANSPORT IN HUMAN ERYTHROCYTES

NITROBENZYLTHIOINOSINE BINDING AND URIDINE TRANSPORT ACTIVITIES HAVE

SIMILAR RADIATION TARGET SIZES
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Intact human erythrocytes were irradiated in the frozen state with a high-energy electron beam. Nitroben-
zylthioinosine-sensitive uridine influx, equilibrium exchange uridine influx and high-affinity nitroben-
zylthioinosine binding were inactivated as a simple exponential function of the radiation dose, indicating an
in situ target size of 122000. The results suggest that the nitrobenzylthioinosine-binding site(s) and the
permeation site(s) of the transporter are present on the same transporter element.

Movement of nucleosides into human erythro-
cytes and a variety of other cell types occurs via a
common broad-specificity facilitated diffusion
process (see Refs. 1 and 2 for review). Transport
by this route is inhibited by nitrobenzylthioinosine
(6-(4-nitrobenzyl)thio-9-B-D-ribofuranosylpurine)
(NBMPR) which binds specifically to functional
nucleoside transport sites (apparent K4 0.1-1 nM)
[3.4]. We have previously reported that the
NBMPR-binding entities in human erythrocyte
‘ghosts’ have an apparent M, in situ of 122000
when estimated by radiation inactivation analysis
[5]. Although much of the available evidence
[3,6-9] favours the view that the erythrocyte
NBMPR binding site is identical to the nucleoside
translocation site of the carrier, the possibility of
NBMPR binding at a distinct site (perhaps a
regulatory site) cannot at this stage be ruled out.
We report here experiments in which the apparent

Abbreviations: NBMPR, 6-(4-nitrobenzyl)thio-9-8-D-ribo-
furanosylpurine or nitrobenzylthioinosine.
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target size of the nucleoside transporter in human
erythrocytes has been determined by radiation in-
activation of uridine fluxes. Values obtained are
compared with M, estimates based on radiation
inactivation of NBMPR binding in the same cells.
- The principal features of the method were as
follows: (i) human erythrocytes were frozen in
liquid nitrogen in the presence of cryoprotective
compounds [10], (ii) frozen cells were irradiated at
liquid nitrogen temperature with high energy elec-
trons, and (iii) assays for NBMPR-sensitive uridine
fluxes and high-affinity NBMPR binding activity
were compared in treated and untreated cells. It
was necessary to irradiate the cells at low tempera-
ture in order to minimize the possibility of sec-
ondary radiation effects [11]. Control experiments
established that the freezing and thawing of fresh
human erythrocytes did not result in significant
loss of either NBMPR-sensitive uridine flux or
high-affinity NBMPR binding activity (Table I).
Furthermore, the NBMPR-insensitive flux of
uridine, which represents passive diffusion of
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TABLE 1

EFFECT OF FREEZING AND THAWING ON URIDINE TRANSPORT AND HIGH-AFFINITY NBMPR BINDING BY
HUMAN ERYTHROCYTES

Fresh erythrocytes, collected from healthy volunteers into heparinized tubes, were washed three times in 150 mM NaCl, 10 mM
tris-HC1 (pH 7.4 at 22°C) and the buffy coat and plasma were discarded. Equal volumes of packed cells and the freezing solution
(containing 280 g of glycerol, 28 g of sorbitol and 720 ml of 150 mM NaCl [10]) were mixed and the cells equilibrated for 30 min at
4°C. Aliquots (0.5 ml) were added to 15 ml centrifuge tubes and frozen by immersion in liquid nitrogen. The cells were thawed by the
addition of 10 ml of prewarmed (37°C) freezing solution diluted 50% with 150 mM NaCl. The thawed cells were centrifuged at
1000 x g for 5 min, washed once in 600 mM NaCl [21], followed by three washes in 145 mM NaCl, 5 mM KCIl, 5 mM glucose and 15
mM Tris-HCI (pH 7.4 at 22°C). Initial rates of zero-rrans uridine influx (extracellular uridine concentration 0.05-3 mM, 3 s assay
interval) and uridine equilibrium exchange influx (5 mM uridine, 5 s assay interval) were determined at 22°C by a method which
employed NBMPR (10 uM) as a transport ‘stopper” and separated cells from extracellular medium by pelleting under oil [6.7].
Transport rates were measured in the presence and absence of 5 M NBMPR and the difference between these two rates is referred to
as ‘NBMPR-sensitive transport’. High-affinity NBMPR binding to erythrocytes at 22°C was determined by the method of Jarvis and
Young [3]. The mean values of two separate experiments are given.

Fresh Frozen and
cells thawed cells
Uridine influx Viax (10718 mol /cell per s) 2.0 1.9
K., (mM) 0.15 0.15
Uridine equilibrium V,ax (10718 mol /cell per s) 3.9 3.6
exchange influx ’
NBMPR binding B (10721 mol /cell) 16.6 15.3
K4 (nM) 0.35 0.36

uridine across the membrane [6], increased by less
than 10% in cells frozen and then thawed as com-
pared to fresh cells (data not shown).

Irradiation of frozen human erythrocytes was
found to inactivate NBMPR-sensitive uridine in-
flux, equilibrium exchange uridine influx, and
high-affinity NBMPR binding in a dose-depen-
dent manner (Fig. 1). When the logarithm of the
uridine influx and NBMPR binding activity was
plotted against the radiation dose, a linear rela-
tionship was observed. The extrapolated dose re-
quired to reduce the transport and binding activi-
ties to 37% of their original activity (D,,) was
approx. 12.5 Mrad. Assuming single-hit target the-
ory [11,12], and using the equation,

target size = (6.4:10°/Dy; in Mrad)

which is derived both from theoretical and empiri-
cal work [11,12], we calculate a target size for both
uridine flux and high-affinity NBMPR binding
activities of 51000 + 9000. The estimated target
size is 42% of the previous figure of 122000 de-
termined for the apparent molecular weight of the

NBMPR-binding complex of freeze-dried human
erythrocyte membranes irradiated at 30°C [5]. Un-
der our irradiation conditions with intact cells at
liquid nitrogen temperature (—196°C), glucose-6-
phosphate dehydrogenase activity, used as an in-
ternal standard, also gave an apparent molecular
weight of 42% of that estimated by conventional
methods (42100, mean of three separate experi-
ments; Fig. 2) [13]. A control experiment using
freeze-dried haemolysates confirmed that glucose-
6-phosphate dehydrogenase inactivated with its
normal molecular weight when irradiation was
performed at 30°C (see also Fig. 2). These results
agree with previous studies which have demon-
strated that an empirical correction factor needs to
be applied to molecular weight estimates obtained
at low temperature [11,14,15]. Using our glucose-
6-phosphate dehydrogenase correction factor of
2.39, we therefore calculate that both uridine
transport and high-affinity NBMPR binding in
intact human erythrocytes inactivate with the same
apparent molecular weight as that determined pre-
viously for the NBMPR binding complex in
freeze-dried membranes [5].



T T T T

NBMPR Binding 4

70L g
.
50} 1
.
l

Activity Remaining (%)

Radiation dose (Mrad)

Fig. 1. Effect of increasing radiation dose on uridine transport
and high-affinity NBMPR binding activity in intact human
erythrocytes. Samples of erythrocytes equilibrated in the freez-
ing solution as described in Table I, 0.5 ml in volume, were
added to 6-mm tubes sealed at one end and frozen by immer-
sion in liquid nitrogen. The tubes were immediately sealed
under vacuum and stored in liquid nitrogen. The frozen sam-
ples were irradiated with high-energy electrons using a clinical
Phillips-MEL SL 75/20 20 MeV linear accelerator, at the
Department of Radiotherapeutics, Addenbrooke’s Hospital,
Cambridge, at a dose rate of 2.0 Mrad-min~! as described by
Ellory et al. [22]. During irradiation the frozen samples were
contained in a NMR Dewar finger flask filled with liquid
nitrogen. After irradiation, the frozen cells were thawed by the
procedure described in the legend to Table I. Initial rates of
NBMPR-sensitive zero-trans uridine influx (®) and uridine
equilibrium exchange influx (O) were determined at saturating
concentrations of uridine, 3 and 5 mM, respectively. The
maximum number of high-affinity NBMPR binding sites (a)
was measured at a saturating concentration of [*H[NBMPR
(initial concentration 30 nM). The data are plotted as log %
remaining activity (log scale) versus radiation dose (Mrad);
linear least-squares analyses were used to fit the lines shown.
The results were normalized for differences in cell number at
each radiation dose by measuring the final haemoglobin con-
tent of cells in each transport or binding assay. The data points
represent the pooled results of four separate experiments.
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Fig. 2. Effect of increasing radiation dose on glucose-6-phos-
phate dehydrogenase activity in human erythrocytes. In the
first series of experiments, intact human erythrocytes were
frozen and irradiated at —196°C as described in the legends to
Table I and Fig. 1. In the other experiment, human erythrocyte
haemolysates (0.5 ml, 20% haematocrit equivalent) were
freeze-dried in 6-mm tubes and irradiated in vacuo under
identical conditions except that the irradiation temperature was
maintained at 30°C. Enzyme activity was assayed as described
by Beutler [23] and the results normalized for differences in cell
number at each radiation dose by measuring the final
haemoglobin content of each assay sample. The data are plotted
as log % remaining activity (log scale) versus radiation dose
(Mrad) and linear least-squares analyses used to draw the fitted
lines. The data points for the intact cell study (®) represent the
pooled results of three separate experiments. The haemolysate
data points (O) are from a single experiment. The estimated
molecular weight values are 42100 and 118000, respectively.

In conclusion, the present results demonstrate
that the nucleoside transporter has an apparent
molecular weight in situ of 122000, as estimated
directly by uridine flux inactivation or indirectly
by the binding of transport inhibitor, NBMPR.
The results suggest that the NBMPR binding site
and the permeation site(s) of the transporter are
present on the same transporter element (or poly-
peptides). Recently, radioactively labeled NBMPR
and azidobenzyladenosine have been used to cova-
lently label the human erythrocyte nucleoside
transporter [16]. Selective incorporation of radio-
activity was associated with a broad band on
sodium dodecy! sulphate polyacrylamide gels in
the molecular weight range of 45 000-65 000 (band
4.5). Thus, it seems probable that the nucleoside
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may exist in the membrane as a dimer. The glu-
cose transporter, another band 4.5 polypeptide
(for references see Refs. 17 and 18), also appears
to be a multerimeric protein in the intact cell
(19,20). However, one noticeable difference be-
tween the erythrocyte glucose and nucleoside
transport systems is that the target size for p-glu-
cose-sensitive cytochalasin B binding and 3-O-
methyl-D-glucose flux is approximately 185000
[19,20). Furthermore, the target size estimated for
the glucose transporter is reported to be indepen-
dent of temperature.
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