Biochimica et Biophysica Acta, 985 (1989) 343-346 343
Elsevier
BBAMEM 70629 BBA Report
Passive and carrier-mediated permeation of different nucleosides
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When i into i the human eryth ! lysed nitrob

zyltllmguammne (NB’I‘GR) sensitive zero-trans influx of three different nucleosides at broadly similar rates (inosine,

influx were observed in

uridine > H s P ip also exhibited lngh rates of NBTGR-insensitive uptake of adenosine,
making this nucleosid i for itution studies. E lent high rates of
tein-fi i ishing that this

bility pa!llwa represents simple diffusion of nucleoside across the

lip:d bilayer. In contrast to adenosme. inosine and uridine exlulmed acceptable rates of NBTGR-insensitive uptake. Of

the two, inosine is the more for

having a 2.5-fold lower basal membrane

permeability. Studies of nucleoside transport specificity in reconsntuted membrane vesicles should take account of the
widely different passive permeabilities of different nucleosides.

Nucleoside transport across the human eryth
membrane occurs by a facilitated diffusion process
which can be inhibited by 1 of

NBMPR and NBTGR [1-3). The specificity of the
system in intact cells is sufficiently broad that both
physiological nucleosides (purine or pyrimidine ribo-
sides and deoxyribosides) and a wide variety of nucleo-
side analogues are pted as sub Photoaffinity
labelling and reversible ligand binding experiments using
|3H]NBMPR [4 7 have identified the human and pig
ery porters as band 4.5 poly-
peptldes (nomenclature of Steck [8]) and isolated band
4.5 polypeptides from the two species have been shown
to catalyse NBTGR-sensitive uridine transport when

d into proteolip [7.9). NBTGR-sensi-
tive nucleoside transporters from other sources, includ-
ing guinea-pig lung, heart and brain, have broadly simi-
lar molecular weights to that of the human erythrocyte
system (apparent M, (av) 55000) [10-14]. Recently, the
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human erythrocy leoside transporter has been
purified to app h ity by a bination oi
io1 T and immunoaffinity chromatography [15].

In previous reconstitution experiments using crude
erythrocyte membrane extracts and purified band 4.5
polypeptides [7.9.15]. uridine was chosen as the nucleo-
side permeant beca.  its transport into mammalian
cells has been studied cxu:nslvcly [16 19). Kinetic

ined in the d system could
therefore be compared directly with published values
for intact cells. However, other nucleosides, particularly
adenosine and inosine, can be considered of grester
physiological interest. For example, adencsine functions
as a novel form of cellular regulator {20], as an ATP
precursor [21,22] and as an endogenous vasodilator {23}
whereas inosine is an in vivo energy source for adult pig
erythrocytes, cells which are unable to metabolise glu-
cose [24-26]. Therefore, in the present study we com-
pared the abilities of adenosine, inosine and uridine to
serve as permeants in the reconstituted system.

Blood from healthy human volunteers was collected
into heparin and the erythrocyte membranes harvested
and depleted of extrinsic proteins as described previ-
ously [6). These membranes (2 mg protein/ml) were
solubilised at 4°C by suspension in 46 mM n-octyl
glucoside, 50 mM Tris-HCl, 2 mM dithiothreitol (pH
7.4) with stirring for 30 min, after which the preparation
was centrifuged at 130000 X g for 1 h [6,27]. The mem-
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brane-free supernatant was collected and detergent re-
moved by dialysis against four changes of 10 mM Tris,
0.2 mM dithiothreitol (pH 7.4 at 4°C) over a period of
48 h. Thls solubilised crude membrane extract was
d into soy vesicles by
freeze-thaw-sonicati as described previously [9].
Nucleoside zero-trans influx into the reconstituted pro-
teoliposomes was measured at 15° C by a centrifugal gel
filtration method using a permeant concentration of 50
1M [9]. At this temperature, the apparent K, value for
zero-trans influx of uridine in the reconstituted system
is 0.21 mM [9]. Briefly, columis of Sephadex G-50
(fine), which had been pre-equilibrated with 20 pM
NBTGR, 10 mM Tris-HCI, were poured to the 1 ml
mark in disposable 1 ml (tuberculin) syringes. The
columns were centrifuged at 200 X g for 2 min in the
swinging bucket rotor of a bench centrifuge shortly
before use. The prepared columns were kept on ice. All
subsequent procedures were carried out in a 4°C cold
room. Incubations were initiated ty adding 45 gl of
reconstituted vesicles (£20 pM NBTGR) to 45 pl of
14C.labelled nucleoside (2 xCi/ml) in ti:e same 10 mM
Tris-HCI buffer. Uptake was terminatzd by the rapid
addition of 20 ul of an ice-cold stopping solution con-
taining 20 pM NBTGR in Tris huffer, and a 75 pl
sample of the reaction mixture was immediately applied
to a centrifuged column. After the sample entered the
gel, 20 pl of stopping solution was added to the syringe
column which was then recentrifuged as described above,
and lhe eluaie was collected directly into a scmu]lauon
ivial in the i bucket. Radi y present
in the eluate was measured by liquid scmullauon spec-
trometry with appropriate quench and background cor-
rection. Blank values for uptake assays were determined
by centrifugal gel column processing of samples taken
immediately after mixing ice-cold NBTGR-treated
vesicles and ice-cold '*C-labelled nucleoside. These
blanks were subtracted from measurements of uridine
uptake by reconstituted vesicles. Protein was de-
termined according to Lowry et al. [28] and phospho-
lipid by phosphate analysis [29].

Fig. 1 compares representative time courses of
uridine, inosine and adenosine uptake (+£20 M
NBTGR) into vesicles reconstituted with n-octyl gluco-

ide-solubilised crude b extract. In two such
experiments, uptake of adenosine was 517(557, 475)
pmol/mg protein in 10 s, compared with values of
319(362, 275) and 336(379, 292) pmol/mg protein in 10
s for inosine and uridine, respectively. The observed
high uptake rate for adenosine did not, however, reflect
transporter prefercnce for this nucleoside, inosine,
uridine and adenosine giving broadly similar rates of
carrier-mediated (NBTGR itive) transport into the
reconstituted vesicles (293(335, 250), 273(300, 245) and
206(236, 175) pmol/mg protein in 10 s,
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Fig. 1. Time courses of inosine, uridine and adenosine uptake into

vesicles reconstituted with crude human erythrocyte membrane ex-

tract. Inosine (Panel A), uridine (Panel B) and adenosine (Panel C)

uptake (50 pM) were measured at 15°C in the presence (open

symbols) and in the absence (closed symbols) of 20 xM NBTGR by

centrifugal gel filtration as detailed in the text. Each assay contained

11 pg of protein and 0.52 pmol of lipid. Values are means of

duplicate estimates.

NBTGR-insensitive uptake differed considerably for the
three nucleosides. For the same two experiments, rates
of NBTGR-insensitive nucleoside uptake into the re-
constituted vesicles were 26(27, 25), 63(79, 47) and
311321, 300) pmol/mg protein in 10 s for inosine,
uridine and adenosine, respectively. These values are
equivalent to 3.3, 8.1 and 39.8 pmol/pmol phospholipid
per min, respectively. Thus, the NBTGR-insensitive
components of nucleoside uptake were in the ratio of
1:2.5:12.1 for inosine, uridine and adenosine. In agree-
ment with previous control experiments with uridine
7,91 lipid and b extract were both
ial for itution of NBTGR- itive inosine

and adenosine transport activity (data not shown).
It was considered likely that NBTGR-insensitive
leoside uptake d simple diff; of per-
meant across the vesicle membrane. To test this possi-
bility, the permeability of the phospholipid bilayer to
the three nucleosides was measured directly. Fig. 2
shows time courses of uridine, inosine and adenosine
uptake d in vesicles prepared in the ab: of
protein. Consistent with the results obtained for recon-
stituted vesicles, estlmated initial rates of nucleoside
per ion into tein-free h (two experi-
ments) were 3. 5(3 7, 3.2), 8. 9(101 7.6) and 44.6(52.3,
36.9) pmol/pmol phospholipid per min for inosine,
uridine and adenosine, respectively, giving ratios of
1:2.5:12.7 with respect to inosine. The magnitudes of
these fluxes for the different nucleosides correlates well
with their respective octanol/water partition coeffi-
cnems [30] and also with the relative permeabilities of

pectively).

Instead, it was striking that the magnitudes of

transport-deficient sheep erythrocytes to
these three nucleosides [21]. As expected, nucleoside
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Fig. 2. Time courses of inosine, uridine and adenosine uptake into
liposomes. Inosine (W), uridine (a) and adenosine (@) uptake (50 xM)
were measured at 15°C by centrifugal gel filtration as detailed in the
text. Liposomes were prepared in the absence of protein by the
standard i

used in the shown in
Fig. 1. Each assay contained 0.52 gmol lipid. Values are means of
duplicate estimates.

uptake into protein-free liposomes was not affected by
NBTGR (data not shown).

We conclude from the presem resulls that the
solubilised human erythrocy porter is
able to catalyse NBTGR-sensitive influx of inosine and
adenosine in addition to uridine transport when recon-
stituted into phospholipid vesicles. We have previously
shown that uridine transport into reconstituted vesicles
is inhibited by adenosine and inosine [9). Taken to-
gether, these observations demonstiate that the recon-
stituted nucleoside transporter exhibits broad specificity
for both purine and pyrimidine nucleosides, a finding
consistent with data from intact cells [1-3]. The present
results also demonstrate that liposomes are selectively
permeable to adenosin: compared with uridine and
inosine, adenosine exhibiting a high diffusion permea-
bility across the lipid bilayer. Physiologically, this means
that cells will be significantly permeable to adenosine.
even in the absence of a nucleoside carrier. As an
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experiments, we have been unable to demonstrate car-
rier-mediated adenosine transport in vesicles recon-
stituted with n-octyl glucoside extracts of purified
guinea-pig lung plasma membranes. These membranes
exhibit a 3-fold lower specific activity of NBMPR-bind-
ing than human erythrocyte protein-depleted mem-
branes (Tse, C.M., Shi, M.M. and Young, J.D., unpub-
lished results). In contrast, we can detect routinely
NBTGR- and itive uridine port into
such vesicles. Since inosine has a 2.5-fold lower basal
permeability than uridine. we anticipate that inosine
may prove to be an even better permeant for reconstitu-
tion experiments, particularly in situations where the
membrane density of NBMPR-binding sites is low.
Relative rates of passive and carrier-mediated trans-
port of nucleosides are substantiaily lower in intact
human and nucleoside transport-positive sheep erythro-
cytes than in reconstituted liposomes [1-3,21,30). This
is largely attributable to the low protein : lipid and high
surface area/volume ratios of reconstituted liposome
preparations. In Kinetic studies to be published in detail
elsewhere, we have also established that the mobilities
for the loaded and empty (unloaded) carrier in the
reconstituted system are both reduced compared with
intact cells, the mobnlny of the empty carrier being
more sub Ily ired. As a the
reconstituted humzm erythrocyte nucleoside transporter
in asolectin vesicles exhibits 6-7% activity relative to
intact erythrocytes when assayed under zero-trans efflux
and influx conditions, and 18% when assayed under
equilibrium exchange influx conditions. The altered
kinetic properties of the reconstituted nucleoside trans-
port system are likely to reflect the change of trans-
porter lipid environment. Future research into nucleo-
side transporter reconstitution should therefore also
focus on systematic evaluation of the effects of vesicle
lipid positi on carri diated (and basal)
nucleoside permeation. In preliminary experiments,
using uridine as permeant, we have found that recon-
stituted vesicles prepared irom extracted human

example of thls we have demonstrated p! ly that
both positive and nucl trans-
porl -deficient sheep erythnx:ytes have the ability to
ise ATP when incut d in the p of ex-
tracellular adenosine and a suitable energy source, e.g.,
glucose [21]. Diffusion across the lipid bilayer is the
primary route by which the antiviral dideoxynucleosides
3'-azido-3'-deoxythymidine (AZT) and 3’-dideoxythy-
midine enter cells [31,32}.
Unfonunately, the high basal lipid permeablhty of
ine renders it ble for ion stud-
jes. Even in the present series of experiments with
human erythrocyte membranes (which have a high den-
sity of nucleoside transporters), the ratio of mediated-
to-nonspecific uptake of adenosine was only 0.7 com-
pared with 4.3 for uridine and 11.3 for inosine. In other

erythrocyte lipids give an 1mproved medlated/ basal
uptake ratio when p with
Both carrier-mediated and passive uridine penneablhly
were affected under these conditions.
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