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Characterization of sodium-dependent nucleoside transport
in rabbit intestinal brush-border membrane vesicles
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Sodium ion

The characteristics of uridine transport were studied in rabbit intestinal brush-border membrane vesicles. Uridine was
taken up into an osmotically active space in the absence of metabolism and there was no binding of uridine to the
membrane vesicles. Uridine uptake was markedly enhanced by sodmm, but showed no significant stimulation by other
monovalent cations tested. Kinetic analysis of the sodi of uridine flux indicated a single
systen obeying Michaelis-M kinetics (K, valueoi&dil.dp.MmﬂlaV of 9.1 4 3.6 pmol / mg protein per s
as d under tral ditions with a 100 mM NaCl gradient at 24°C). A variety of purine and pyrimidine
nucleosides were able to inhibit sodium-d dent uridine ing that these nucleosides are also
permeants for the same system. Consnstem with llus suggestum was the finding that these lmcleosules also stimulated
uridine efflux from the brush-border The sodium: uridine i ry was found to be
1:1 as measured by the activation method. From these results it is concluded that a broad specificity sodlum-dependenl

nucleoside tvansporter is present at the brush-border membrane surface of rabbit enterocytes.

Introduction

The transport of nucleosides across animal cell mem-
branes is mediated by 2 number of different pathways.
The most widely studied of these pathways is the non-
concentrative facilitated diffusion transport system pre-
sent in human erythrocytes (for a review see Refs. 1 and
2). The human erythrocyte nucleoside transporter

1-10 pM also exist [9-14]. These NBMPR-insensitive
facilitated diffusion nucleoside transporters also have a
broad specificity and, in some cell types, the affinity of
the carrier for certain nucleosides differs significantly
from the NBMPR-scnsitive system [11 13 14] The pro-
poruon of NBMPR itive and -i port
in a particular cell type varies widely.

The third major class of nucleuside transporters are

accepts a wide variety of purine and pyr
nucleosides as permeants, IS kmeucally symmemcal in

sodium-d d d in renal BBMVs
{15,16], mum‘e splenocyles 71 freshly lsolated gumea-

fresh cells, and is 1! to ition by
NBMPR and a number of other potent inhibitors, such
as dilazep and dipyridamole [1-5]. This leosid

pig ytes [18] and cul d rat i
cells {19). A major dlfﬁcully of studymg the transport
of smell i i using intact

transporter, designated as NBMPR-sensitive, is present
in a wide variety of cells [1,2], and has been identified as
a band 4 5 glycoprotein (apparent M, 66 009-45000) in

erythrocytes [6-8]. In additi non-con-
centrative nucleoside transporters that are insensitive to
inhibition by concentrations of NBMPR as high as

cells is that the transport propemes of both the brush-
border and the basolateral surface are determined
simultaneously. Results d are, in

difficult to interpret. The use of plasma-membrane
vesicles prepared from each membrane surface has been
extremely important in characterizing the basic mecha-
nisms of cpithzlial solute transport and overcoming part
of this difficuity {20}. In addition, membrane vesicles
have the advan\:lge that metabolism of the solute by

NBMPR. 6-[4-ni hio}-9-8-
zylpurine (nnmbenzyllhmmo:me) BBMV hmsh border

vesicle; Hepes. 4-(2- ic acid.
Ci S.M. Jarvis, Biological 1 y. University of

Kent. Canterbury, Kent, CT2 7NJ, UK.

cytopl comp |s generally absent and the
i lar and lar fluid position can
be varied at will. In this report, the properties of uridine

transport by rabbit intestinal BBMVs are described.
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Materials and Methods

Isolation of BBMVs
Intestinal BBMVs were |solated from rabbit smail
ine by the calcium precipitation method [21]. The
final pellet was ded in 300 mM itol /10
mM Hepes/Tris (pH 7.5) and used on the same day of
preparation for the port assays. The membranes
were, on average, enriched 8-fold in alkaline phos-
phatase (range 6-12-fold) and 9-fold in sucrase (range
7-13) compared to the initial homogenate.

Uridine transport

Uridine uptake at room temperature (24°C) was
measured by a rapid quench, rapid filtration technique.
10 pl of the vesicle suspension (50-100 pg of protein)
were rapidly mixed with 20 pl of a solution containing
mannitol, buffer, [*H]uridine (25 #Ci/ml) and further
additions as indicated in the legends. Short incubation
times were timed using a metronome. The incubation
was inated by the addition of 1 ml of i Id stop

luti ining 100 mM itol /200 mM NaCl/1
mM phloridizin/1 mM Hepes-Tris (pH 7.5). The di-
luted vesicles were quickly filtered through a pre-wetted
nitrocellulose filter (pore size 0.45 pm). The filter was
subsequently washed once with 5 ml of the stop solu-
tion and dissolved in 4 ml of Optiphase T scintillation
fluid (LKB). The time required for filtration and wash-
ing was aboul 5 s. Blank values for uptake assays, due
to ivity on the ni Hulose filter and
bmdmg 10 the vesxcles were determined usmg BBMVs

d to stop and [*H]uridine
at 4°C and were ﬁltered immediately.

To test for the ability of compounds to accelerate the
efflux of [*H]uridine from BBMVs, BBMVs were pre-
loaded with 5 pM [*H]uridine in the presence of 100
mM NaSCN for 20 s in a total vol of 20 pl. Exchange
was then initiated by the addition of 0.5 mi of test
compound (10 uM-1 mM) in NaSCN buffer. Transport
was icritinaied as described above after 5,10 and 20 5.
In control experiments, 0.5 ml of 100 mM NaSCN or
100 mM KSCN in 10 mM Hepes/Tris (pH 7.5) was
added.

The intravesicular vilnme of the BBMVs was de-
termined from the distribution ratio at equilibrium (30
min) of [*Hjglucose. The uptake of [*H]glucose was
determined as described above for [*Hjuridine.

All experiments were catried out in tripli The
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mM NaCl gradient (out >in). The incubation was
terminated as described above and the filter stirred for
30 min at room temperature with 250 pi of 2M NH,OH
to exlract the radicactivity. The extract (50 pl) was
hed with dards (uridine, uracil.

UMP, UDP dl‘ld UTP) on silica-gel-coated plates im-
d with fl indi (Wh 0.25

mm) The chromatogram was run with the solvent sys-
tem n-butanol saturated with water (R values of 0.5,
0.4, 0.03. 0 and 0 for uracil. uridine. UMP, UDP and
UTP, rest ly). The zones the dard:
were localized under ultraviolet light and scraped into
scintiflation vials. The rest of the lane was equally
divided into individual zones (1 cm). Radioactivity in
the silica powder was extracted with 1 ml of water with
shaking for 1 h before the addition of scintillation fluid.

Materials

[5.6 —* HlUridine (47.1 Ci/mmol) and [*Hjglucose
(40 Ci/mmol) were obtained from New England
Nuclear Research Products, NBMPR and dilazep were
generous gifts from Professor A.R.P. Paterson. Cancer
Research Group. University of Alberta, Edmonton and
Hoffmann La Roche (Vaudreuil. Canada), respectively.
All other reagents were of analytical grade.

Results

The stop solution
Accurate determination of the rates of uidine uptake
by use of the rapid-filtration technique depends criti-
cally on the ability of the stop solution to prevent both
influx and efflux of radioactivity from the vesicles after
its addition. Preliminary studies thus investigated the
time-course of release of radioactivity from BBMVs into
various ice-cold stop solutions (Table I). Brush-border
vesicles were incubated for 10 s with 10 pM uridine in
the presence of 100 mM NaCl gradient (out > in) and
then diluted 33-fold into various ice-cold stop solutions
that were filtered immediately or after varying periods
of time. swp solution A (conlammg 1 mM phionmzm)
d the loss of intr i y, when
(he time between dilution and filtration was delayed. In
contrast, ice-cold stop solutions B (containing 1 mM
HgCl,) and C (no addition) resulted in a steady loss of
radioactivity from the vesicles. Thus, the phloridizin-
containing stop solution was employed in this study.

Moiaboli

errors shown in the tables and figures are standard
deviations. In least-squares fits to the data, points were
weighted according to the inverse of their relative ex-
perimental errors.

Uridine metabolism
BBMVs were incubated for 1€ s, 10 min and 20 min
with 5 pM [5,6 —* H]uridine in the presence of a 100

of uridine

Control experiments confirmed that more than 95%
of the intravesicular radioactivity coch hed
with uridine, demonstrating that [*H]uridine was not
metabolized by the BBMVs.

Cation dependence of uridine uptake
The time-course of uridine uptake (4.4 pM) by rabbit
intestinal BBMVs is shown in Fig. 1, in the presence of
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TABLE I

Effect of various siop solutions on uridine uptake

BBMVs were incubated with 10 M [>Hjuridine in the presence of a
100 mM WaCl gradient (out > in) for 10 s a1 24°C. The incubation
was terminated by the addition of various ice-cold stop solutions: 100
mM mannitol/200 mM NaCl/1 mM Hepes-Tris (pH 7.5)/1 mM
phloridizin (A), 100 mM mannitol/200 mM NaCl/1 mM Hepes-Tris
(pH 7.5)/1 mM HgCl; (B) or 100 mM manritol /200 mM NaCl/1

TABLE H

Effect of caricus monovalent cations on wridine uptake

10 g of the vesicle suspension were incubated with 20 gl of incuba-
tion medium containing 100 1M of the chloride salt listed in the
1able. 10 mM Hepes/Tris (pH 7.5)/5 M [*Hluridine (final con-
centrations). The uplake of uridine was measured after 6 s of incuba-
tion. Values are means+S.D. of triplicate esiimates.

mM Hepes-Tris (pH 7.5) (C). Vesicles were diluted 33-fold into the Cation Uridine uptake
stop solution and then filtered immediately (zero time) or left in the {pmol/mg protein per s)
stop solution for varying simes (15-6C s) and then filtered. Values are = Toazoit
the means of triplicate estimates expressed as a percentage of the oy 0420.
zero-time stop solution A (11.7 pmol/mg protein). L 0164006
Choline” 0.13+0.08
-
.09+

Stop solution Uridine optake (% of 26 ume) ﬁs. :g o0

15s 0s 45s 60s none (buffered mannitoi) 6.09+003
A (+ 1 mM phloridizin) 95 107 99 130
B(+ 1 mM HgCly) a 80 73 62
C (no addition) 86 8 k23 n

either inwardly directed gradients of 100 mM NaCl or
100 mM choline chloride. Marked stimulation of uridine
up(ake was observed in the presence of the Na* electro-
di with a h of the
uridine above its equi-
librium value. The uptake of uridine was maximum at
between 10 and 20 s. When Na* was at equilibrium
across the BBMV, no overshoot of undme was observed
(data not shown). This h
that the BBMV preparation is capable of catalyzing the
concentrauve uptake of uridine in the presence of an
dly di d sodium chlorid di suggesting
that uridine uptake is coupled to that of sodium. In the
preseace of an initial choline chloride gradient, [*H]

uridine uptake increased over time and no overshoot
was apparent. After 5 min, the intravesicular concentra-
tion of undme had reached equilibrium with the ex-

ion (the i icular volume for
the BBMV prepara!lon used i in Fig. 1 was 0.82 ul/mg
protein, yieldi g an lar uridine
tion, after 5 mm of 4.5 pM, id to thal
of the uridine Na*-

stimulated uptake of uridine was a linear function of
time for the first 6 s of incubation. The uptake at 2 s
was therefore taken to app the initial rate of
uridine influx. Preliminary data [1] have also demon-
strated that adenosme uptake by rabbit intestinal
BBMVs is ked], lated by N:.*. Hi , in
contrast to undme. 5 M [’H]adenosme was metabo-
lized by the BBMVs (85% of the radioactivity comi-
grating with inosine after 20 s uptake). Further studies
were therefore performed with the non-metabolized

10k 4

Uridine uptake (pmol / mg protein)

l

OF!
L s
] 20 40
Time(s)
Fig. 1. Time-course of uridine uptake into rabbit intestinal BBMVs.
Vesicles were incubated with 4.4 uM [*Huridine in the presence of
inwardly directed gradients of 100 mM NaCl (@) or 100 mM choline
chloride (0).

iy ]
607300

1 de, uridine.

The specificity of lar Na* in stimul
uridine uptake in BBMVs was studied by comparing the
uptake of uridine in the presence of 100 mM gradients
of chloride salts of various cations. Table 1l demon-
strates that when a 100 mM Na™ gradient was replaced
by gradients of K*, Cs* or choline, uridine uptake was
reduced at least 10-fold with no significant difference
between the various cations. A small enhancement in
the rate of uridine flux was observed with a 100 mM
Li* gradient, but this was not significant. These rcsults
demonstrate the high sodium specificity for uridine
uplake by BBMVs and, in further experiments, the

p of uridine t was
calculated as that in the presence of NaCl minus that in
the presence of choline chloride.

Effect of extravesicular osmolarity on uridine uptake by
BBMVs

The effect of extravesicular osmolarity on the equi-
librium value of vridine uptake by BBMVs (20 min) is
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Uridine uptake {pmol/mg protein}

1/0smolarity (OsM™)

Fig. 2. Effect of i laril ilibrium uptake of
uridine. Vesicles were prepared in 300 mM mannitol/10 mM
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+ d i date

such as p lysis, and
of the membrane proteins during BBMV preparation,
possible dietary effects on the expression of the trans-
port protein and heterogeneity of transport from the
villus lo the crypt of the rabbit small intestine. The
di and at fi of the small intestine

changes markedly along the villus crypt axis [24).

Inhibition of P
The substrate speclﬁcny of uridine uptake by intesti-
nal brush-border membranes was investigated by two
different, but complementary, approaches. In the first
study, the ability of nucleosides 1o inhibit uridine influx
into BBMVs in the p of 100 mM icul.
NaCl or choline chloride was examined. Table Il shows
that both purine and pyrmudme nucleosides are effec-

Hepes/Tris (pH 7.5) and suspended in a buffer containing varying tive inhibitors of sodium-dependent uridine influx. In
Uptake of 5 ’M et '::':;’e the extr: was trast, glucose (1 mM) gnd the facxlnateq diffusion
determined 2fter incubation for 20 min and plotted as a function of e transport NBMPR, dilazep and
the reci 1 of the ity. Data reported are the dipyridamole (all at 10 pM) failed to inhibit uridine
means of paral i The ion line was influx in the presence of either NaCl or choline chlo-
by the least-squ hod i 0.948). ride. Similarly, the nucleoside competitors had no effect

on uridine uptake in the presence of choline chloride

(data not shown). In the second approach., membrane

shown in Fig. 2. The larity of the icul vesicles were preloaded with [*Hluridine (5 pM) and

medium was varied by changing the concentration of
cellobiose. The uptake ol' uridine was inversely propor-
tional to the larity and the i

on the vertical axis at infinite extmv&slcular osmolamy
{(zero intravesicular space) was not significantly differ-
ent from zero. These results suggest that uridine associ-
ated with the BBMVs is due to transport of uridine
across the b into an lly sensitive in-
travesicular space and, furthermore, there is no signifi-
cant binding of uridine to the membrane. Previous
experiments with other solutes, for example, glycine and
glucose, have shown a similar behaviour [22,23].

Kinetics of uridine lran.\'port

The dence of sodium-d den
uridine influx is lllustrated in Fig. 3. Undme influx was
saturable and the linearity of the s/v vs. s plot indi-
cates that the data to simple Michaelis-M:
kinetics. Least-squares analysis of the s/v vs. s plot
yielded an apparent K,, value of 4.3 + 0.9 pM with an
apparent V,,,, of 7.7 + 0.5 pmol/mg protein per s. The
mean values of the kinetic constants from three separate
experiments were 6.4 + 1.1 pM for the K, witha V[,
estimate of 9.1 + 3.6 pmol/mg protein per s (mean +
S.E.). Uridine influx ir the presence of choline chloride
as a function of solute was linear (data
not shown), suggesting that uptake in the presence of
choline represents simple diffusion.

The range in V,,,, values and uptake rates from one
experiment to another was approx. 4-fold. Possible rea-
sons for this ion are animal , differential

then the efflux of [*Huridine into 100 mM NaSCN
buffer alone (i.e., equal concentration of Na across the
BBMV) or 100 mM NaSCN buffer containing nucleo-
side was d. All of the nucleosides tested stimu-

Uridine uptake (pmol/mg protein /s}

o 25 20
s
°L, . —
o 25 50
Uridine (M)
Fig. 3. C ion d d of sodil uridine influx

by rabbit intestinal BBMVs. Membrane vesicles were incubated with
{*Hjuridine (final concentsations 0-50 gM) in the presence of 100
mM NaCl or choline chloride. Initial rates were calcutated from the
uptake at 2 s. The Na*-dependent flux was taken as the rate in the
presence of NaCl minus that in the presence of choline chloride for
each concentration of substrate. Inset: s/v vs. 5 plot of the data. A
least-squares fit to this plot yields K, =4.3+09 uM (SE) with
Voax = 7.710.5 pmol/mg protein per s, with r = 0.993. These kinetic
parameters were used to draw the curve shown.
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lated the rate of [*Hjuridine efflux, indicaiing carrier-
h of the nucleosides. For ple, the
percentage of [*H]uridine retained in the BBMVs after
10 s efflux into 10 pM adenosine and thymidine was 51
and 73%, respectively, as compared to buffer alone.
NBMPR (10 pM) had no effect on the rate of uridine
efflux and when a Na* gradient was imposed by initiat-
ing efflux by adding 100 mM KSCN, the rate of efflux
was stimulated 5-fold. These results demonstrate that
uridine efflux is not mediated by the NBMPR-sensitive
non-concentrative nucleoside carrier and is Na*-depen-
dem. Furthermore, the results also suggest that Na“*-de-
port of the lzosides tested is by a
smgle common carrier, altkough the results do not
exclude the possibility of oiher Na*-dependent nucleo-
side pathways. Consistent with this suggestion was the
finding that 1 mM glucose, which is transported by a
Na*-dependent system in rabbit intestinal BBMVs [25].
failed to exchange with [*HJuridine, demonstrating that
the exchange observed was not a non-specific effect due
to Na* cycling.

Effect of sadium on uridine transport

The sodium dependence of uridine uptake was ex-
plored further by measuring the initial flux of uridine (5
pM) as a fi of the llular Na*
tion (0-100 mM). Fig. 4A demonstrates that there was a

TABLE 11t

Effect of nucleosides, transport inhibitors and glucose on sodium-depen-
dent uridine influx

‘The uptake of uridine at 22°C was mma(ed by addmon of BBMVs to

mediuvm ining (final SpM[? /100 mM
NaQl or chollne chloride and test cumpoul\d For NBMPR, dilazep
le. BBMVs were prei with these ichi

- 3'A ; 1
e
&
2
Q 21 4
5
R ]
5
x
X
& Ot N S— 1
50 100
Na (mM)
~ a8
S 015 .
E
<
2
02
zc
~g
x 9 oo7s} 4
2a
‘g
°
E
3
=~ ol

Flux (pmol/mg protein /s)

Fig. 4. Sodium-dependent uridine flux as a function of the sodium
concentration. {*HUridine (5 kM) uptake was measured in the
presence of varying extravesicular concentrations of NaCl (0-100
mM). Choline replaced sodium isosmotically to obtain the various
sodium concentraiions studicd. Uptake was measured after 2 s
incubation. Panel A: plots of uridine uptake vs. sodium concentration.
Panel B: plot of flux/fNa}” vs. flux for n=1. Linearity of the plot is
indicative of the involvement of one sodium ion per uridine molecule

transported (also see text).

hyperbolic relationship between uridine flux and Na*
concentration, suggesting a minimum sodium : uridine

l‘or 5 min before addition of [*Hjuridine. Influx was terminated after
2 s and the Na*-dependent cor ponent of uptake calculated as that in
the presence of NaCl minus that in the presence of choline chloride.
The test compounds had no effect on uridine influx in the presence of
choline chloride {data not shown). Values are shown as a percentage
of the control flux and are the mean values from at feast three
separate experiments. Control Na*-dependent flux value 5.2+0.6
pmol/mg protein per s. n.d., not determined.

y of 1:1. The data were also analyzed using
the Hill equation [26}.

flux = Vi, [Na]" /(K +[Na)”)

where Ky, is the [Na] giving 50% of V,,,, and n is the
Hill coefficient. A plot of flux/[Na}" against flux for
the correct value of » will yield a straight line. Fig. 5B
shows the results of such a plot of the data in Fig. 5A

Inhibi % Uridine infl B, N
oitor . niding infox g n = 1. A straight line was observed with n =1
Final inhibitor conceairation (kM) 10 0 and Ky, =14+ 4 mM:; a result consistent with a single
Adenosine 47+ 5 13+ 1 Na* binding site on the carrier.
2-Chloroadenosine 52+ 9 33+ 4
Inosine 48+ 3 20+ 1 Di "
Deoxyinosine 50+ 4 23% 1 Iscussion
2-Deoxyuridine 724+ 3 36+ 2
5-Fluorouridine 69+ 4 29+ 3 Previous reports [18, 19] have shown that guinea-pig
Thymidine 3+ 8 44xl2 ytes and d rat i inal cells possess ac-
Cytidine 92+ 6 70+ 3 tive p for nucleosides. The present re-
bt d.
S::’;;R l%ﬁ :_:_ sults extend these observations and further suggest that
Dipyridamole 100+ 6  nd. the sodium-dependent uridine porter is located at
Glucose (1 mM) 1045 5 the brush-border membrane surface of the rabbit in-

testine. This does not exclude the possibility of active
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at the basolateral mem-
brane surface of the intestinal cell and to date there
have been no direct studies on nucleoside transport at
the basolaleral side.
of
is often d by rapid i
of the nucleoside. However, by usmg BBMVs, we were
able to d no ion of the
[*Hluridine. We also found that uridine is taken up into
an ically active space, indi that we are indeed
measuring the transport of uridine and not its binding
to the BBMV (Fig. 2). Uridine uptake was markedly
enhanced by sodium (Fig. 1 and Table II) but showed
little if any lation by the other lent cations
tested in Table IL Similar results have recently been
reported for Na*-dependent uridine influx by outer
cortical rabbit renal BBMVs (18]. In contrast, a K*-de-
pendent uridine transport system as well as a Na*-de-
pendent uridine carrier have been suggested to be pre-
sent in rat renal BBMVs {27].
Kinetic analysis of the sodium-d d
of uridine flux indicated a single lransport system obey-
ing Michaelis-Menten kinetics with K, value of 6.4 +
1.1 pM and V,,,, = 9.1 + 3.6 pmol/mg protein per s as
measured under zero-trans conditions at 100 mM NaCl
and 24°C (Fig. 3). This K, is close to that estimated
for Na*-dependent uridine transport by renal BBMVs
(Refs. 15, 16 and Lee et al., unpublished results), but is
about 20-fold lower than that observed for the facili-
tated-diffusion nucleoside carriers [1.2). A variety of
purine and pyrimidine nucleosides (Table IH) were able
to inhibit Na*-dependent uridine transport by rabblt

leosid

port by mlact celis
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fore, it seems likely that there exist a number of Na*-
dependent nucleoside transporters with different sub-
strate specificities that may depend on both the species
and the tissue. Alternatively, some of the differences
reported in substrate specificity might reflect metabo-
lism of the competitors, and further comparative studies
will be required before coming to any firm conclusion
on the number of different Na*-dependent nucleoside
transporters. One property that does appear to be com-
mon to all the Na*-dependent nucleoside transporters
studied to date is that they are resistant to inhibition by
the facilitated-diffusion leosid t inhibi
NBMPR, dilazep and dipyridamole (see Table 1II)
[15,19].

The sodium: uridine coupling stoichiometry was
determined by the activation method and yielded a
minimum stoichiometry of 1 Na* :1 uridine, similar to
that proposed for the uridine cotransporter in rabbit
and rat renal cortical BBMVs [27.28}. Hill plots gave a
slope of 1. indicating a single class of noninteracting
Na* sites. A more direct method 10 measure the
stoichiometry, such as the *static head method’, as intro-
duced by Turner and Moran [29]. was not possible due
to the relatively low uridine transport rate and hence a
poor signal-to-noise ratio when concentrations of both
uridine and sodium were varied.

In conclusion, the present results have established
the presence of a high-affinity. broad specificity sodlum
cotransporter system for nucleosides in rabbit i
BBMVs. Further studies are now required to char-
aclenze nucleoside and nucleobase transport across the

inal basolateral b to further unds d
the hanism involved in the transfer of nucleosides

intestine BBMVs, suggesting that these nucl are
substrates of the same system. Inhibition by these
nucleosides is unlikely to be due to secondary effects,
le. transpon by a different syslem that elimi the

from the lumen of the gut to the blood.

Ack 1od,

dient thereby g uridine in-

flux, since D-glucose, which is known to be transported
in a Na*-dependent manner with a V,,, approx. 16-fold
greater than the Na*-dependent uridine V,,,, [25], had
no inhibitory effect on uridine influx. Moreover, the
leosides that inhibited Na*-dep uridine influx
also stimulated uridine efflux demonstrating that these
ides are ported on a system with a

broad specificity. These findings contrast with those
conducted on the properiies of Na*-dependent uridine
uptake by rat and rabbit renal cortical BBMVs and
murine splenocytes (Refs. 17, 28 and Lee et al., unpub-
lished results). In rat and rabbit renal cortical BBMVs,
Na -dependent undme influx is inhibited by pyrimi-
dine )| ine and ad ine analogues
(Ref. 28 and Lee et al., unpublished results). Inosine
was a poor inhibitor of uridine port. However,
Na*-dependent uridine lran:port by munne splenmyles
was inhibited by purine )| luding inosine,
but pyrimidine nucleosides had no effect [17] There-

This research was supported by grants from the
Medical Research Council and the Nuffield Founda-
tion,
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