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Summary. The nucleoside transport activity of human placental 
syncytiotrophoblast brush-border and basal membrane vesicles 
was compared. Adenosine and uridine were taken up into an 
osmotically active space. Adenosine was rapidly metabolized to 
inosine, metabolism was blocked by preincubating vesicles with 
2'-deoxycoformycin, and subsequent adenosine uptake studies 
were performed in the presence of 2'-deoxycoformycin. Adeno- 
sine influx by. brush-border membrane vesicles was fitted to a 
two-component system consisting of a saturable system with 
apparent Michaelis-Menten kinetics (apparent K,,, approx. 150 
p,M) and a linear component. Adenosine uptake by the saturable 
system was blocked by nitrobenzylthioinosine (NBMPR), dila- 
zep, dipyridamole and other nucleosides. Inhibition by NBMPR 
was associated with high-affinity binding of N BMPR to the brush- 
border membrane vesicles (apparent Kj0.98 + 0.21 riM). Binding 
of NBMPR to these sites was blocked by adenosine, inosine, 
uridine, thymidine, dilazep and dipyridamole, and the respective 
apparent K i values were 0.23 -+ 0.012, 0.36 -+ 0.035, 0.78 -+ 0.1, 
0.70 + 0.12 (raM), and 0.12 and 4.2 -+ 1.4 (nM). In contrast, 
adenosine influx by basal membrane vesicles was low (less than 
10% of the rate observed with brush-border membrane vesicles 
under similar conditions), and hence no quantitative studies of 
adenosine uptake could be performed with these vesicles. Never- 
theless, high-affinity NBMPR binding sites were demonstrated in 
basal membrane vesicles with similar properties to those in brush- 
border membrane vesicles (apparent Kj 1.05 -+ 0.13 nM and ap- 
parent Ki values for adenosine, inosine, uridine, thymidine, dila- 
zep and dipyridamole of 0.14 + 0.045, 0.54 _+ 0.046, 1.26 + 0.20, 
1.09 -+ 0.18 mM and 0.14 and 3.7 -+ 0.5 riM, respectively). Expo- 
sure of both membrane vesicles to UV light in the presence of 
[3H]NBMPR resulted in covalent labeling of a membrane pro- 
tein(s) with a broad apparent M r on SDS gel electropherograms 
of 77,000-45,000, similar to that previously reported for many 
other tissues, including human erythrocytes. We conclude that 
the maternal (brush-border) and fetal (basal) surfaces of the hu- 
man placental syncytiotrophoblast possess broad-specificity, fa- 
cilitated-diffusion, NBMPR-sensitive nucleoside transporters. 
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Introduction 

Nucleosides have diverse physiological and biologi- 
cal actions and as precursors of nucleotides can rep- 
resent the building blocks of nucleic acids [44]. 
Adenosine modulates vascular tone, neural func- 
tion, platelet aggregation and leucocyte activation 
[9]. Adenosine has recently been shown to be a vaso- 
constrictor in the human placenta vascular bed [38]. 
Most of these effects of adenosine are mediated by 
membrane-bound receptors and both adenosine A1 
and A2 receptors have been characterized in human 
placental membranes [8, 36, 49]. It is therefore im- 
portant to know the mechanism involved in control- 
ling the concentration of extracellular adenosine 
since these processes may affect placental function 
and fetal development. To date, no study describing 
the properties of nucleoside transport by human pla- 
cental plasma membrane have been presented. 

Nucleosides cross mammalian cells by transport 
specific proteins, and the best studied of these sys- 
tems is a facilitated-diffusion process that has a 
broad substrate specificity and is blocked by low 
concentrations (0.1-10 nM) of NBMPR [14, 35]. In- 
hibition by NBMPR is associated with tight, but 
reversible, binding of inhibitor to specific sites on 
the cell membrane [6, 17]. Upon exposure to UV 
light [3H]NBMPR covalently binds to human eryth- 
rocyte band 4.5 polypeptides (apparent M r 
66,000-45,000) [19, 50]. A second facilitated-diffu- 
sion nucleoside transporter has been recognized that 
is insensitive to inhibition by NBMPR [3, 14, 18, 34, 
35]. Some cell types exhibiting this system also lack 
high-affinity NBMPR binding sites although the ma- 
jority of cultured cell lines usually coexpress 
NBMPR-sensitive and NBMPR-insensitive trans- 
porters [32, 34, 35]. Further heterogenicity in the 
transport of nucleosides is the finding that kidney 
and intestinal brush-border membrane vesicles 
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transport nucleosides in a Na+-dependent manner 
[15, 29, 30, 47]. To date, two nucleoside Na +- 
cotransport systems that differ in their substrate 
specificity have been recognized [16]. in addition, 
K+-dependent uridine transport by rat renal brush- 
border membrane vesicles has been demonstrated 
[27]. Interestingly, rabbit basolateral membrane ves- 
icles from the renal outer cortex transport uridine 
by an NBMPR-sensitive facilitated-diffusion carrier 
[47]. 

Recently Wheeler and Yudilevich, using the iso- 
lated dually perfused guinea-pig placenta, demon- 
strated rapid transport and metabolism of adenosine 
at both maternal and fetal blood-tissue interfaces. 
However, this preparation did not allow the mecha- 
nism of cellular transport of nucleosides to be char- 
acterized due to extensive metabolism of adenosine 
by the placenta [46]. In an attempt to overcome this 
problem and given the interest and availability of 
human placenta, we have isolated human placental 
brush-border and basal membrane vesicles. Mem- 
brane vesicles, in addition, offer the advantage that 
the transport properties at each side of the placenta 
can be investigated independently of each other and 
the composition of the intravesicular and extravesic- 
ular fluid can be varied at will. In this paper the 
properties of adenosine transport and the binding 
of [3H]NBMPR by human placental brush-border 
(maternal side) and basal (fetal side) membrane vesi- 
cles are described. Preliminary reports of part of this 
work have been presented [2, t2]. 

Materials and Methods 

PREPARATION AND CHARACTERIZATION OF 

MEMBRANE VESICLES 

Syncytiotrophoblast basal and brush-border membrane vesicles 
from human placenta obtained within a few hours of delivery 
were prepared by established techniques [10, 23, 39]. The purity 
of the preparations was assessed by measuring the enrichment of 
the brush-border membrane enzyme, alkaline phosphatase [26], 
and the basal plasma marker, [3H]dihydroalprenolol binding [23] 
as compared with the homogenate. Alkaline phosphatase activity 
in the brush-border membrane vesicles was on average enriched 
15-fold compared to the homogenate. In contrast there was little 
contamination by alkaline phosphatase in basal membranes; 
enrichment factors ranged from 0.4- to 1.6-fold. [3H]Dihydroal- 
prenolol binding in basal membrane vesicles was more than 20- 
fold greater than binding in the homogenate. The membrane vesi- 
cles were resuspended in vesicle suspension medium (VSM; 300 
mM mannitol, 5 mM HEPES-Tris, pH 7.4) and used within 24 
hr of preparation for nucleoside uptake measurements. Freshly 
prepared membrane vesicles were revesiculated just before the 
nucleoside uptake assay by passing them 20 times through a 
25-gauge syringe needle. In addition, aliquots of the membrane 
suspension were frozen and stored at -70~ until use. 

In four preparations of brush-border and basal membrane 
vesicles, the intravesicular volume of the vesicles was determined 
using the apparent equilibrium spaces of two different nonmetab- 
olized radioisotopes (30-methyl-13H]glucose and [3H]uridine). 
The intravesicular volume for both isotopes was similar and the 
mean values (mean -+ seN(n)) were 1.16 _+ 0.05(7) and 0.17 + 
0.03(8)/xl/mg protein for brush-border and basal membrane vesi- 
cles, respectively. 

NUCLEOSIDE UPTAKE BY MEMBRANE VESICLES 

The uptake of [3Hladenosine and [~H]uridine (25/zCi/ml) at 22~ 
was measured by a rapid inhibitor-stop filtration technique [471 
with the following modifications. The stop buffer used to termi- 
nate transport contained 10 /+M dilazep in place of NBMPR or 
phlorhizin. In inhibition studies, test compounds and radiolabeled 
nucleoside were added simultaneously, except for NBMPR, dila- 
zep and dipyridamole which were preincubated with the vesicles 
for 20 rain. Blank values for transport were obtained by pro- 
cessing membrane samples exposed simultaneously to radioac- 
tively label nucleoside and 10/XM dilazep at I~ The initial rate 
of nucleoside uptake was estimated from analysis of the time 
course curves of uptake by fitting an exponential curve to the 
data using a nonlinear regression computer program (Enzfitter, 
Elsevier Biosoft). Initial z e r o - t r a n s  influx velocities were calcu- 
lated according to the first derivative of the equation 

o(l)  - Ueq[I exp(-kt)J 

where k is the pseudo first-order rate constant and v and Ueq are 
the uptakes at various times and at equilibrium, respectively [ s e e  

33, 48l. 

NUCLEOSIDE METABOLISM 

Membrane vesicles were incubated with 33/XM [3H]adenosine at 
22~ and the reaction was terminated as described above. The 
filter was immediately shaken for 30 rain at 22~ in 500 p,I of 2 M 
NH4OH [31 ]. The extract was lyophilized, resuspended in 30/~1 
of a standard solution containing adenosine, inosine, adenine, 
hypoxanthine and adenine nucleotides and 20 #1 spotted on a 
silica-gel-coated plate containing a fluorescent indicator (East- 
man, 0.1 mm thick). The solvent system was butan-l-ol:ethyl 
acetate : methanol : ammonia (7 : 4 : 3 : 4, vol/vol). After drying, 
the zones bearing the standards were localized under UV light 
(Rrvalues of 0, 0.19, 0.30, 0.49 and 0.75 adenine nucleotides, 
iuosine, hypoxanthine, adenosine and adenine). The rest of the 
lane was equally divided into l-cm individual zones. Each zone 
was cut from the plate, the strips were soaked in 0.5 ml of water 
to extract the radioactivity before addition of 4 ml of scintillation 
fluid (Optiphase RIA, LKB Scintillation Products). Uridine me- 
tabolism by the vesicles was also determined by TLC using the 
solvent systems described previously [47]. 

[3H]NBMPR BINDING ASSAY 

Equilibrium [3H]NBMPR binding to human placental membrane 
vesicles was performed as previously described for renal mem- 
brane vesicles using a total incubation volume of 3 ml [47]. Spe- 
cific binding is defined as the difference between membrane con- 
tent of [3H]NBMPR in the presence and absence of 10 /zg 
NBMPR. 
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Percent of 3H recovered 

Nucleoside Incubation Adenosine/ lnosine Hypoxanthine Adenine/ Nucleotides 
(sec) uridine uracil 

Adenosine (33 /xM) 5 80 12 3 3 3 
60 51 32 l 6 6 

Adenosine (33 tzM) + 2'deoxycoformycin 5 91 2 3 3 0 
( 100 b/,M) 60 87 2 1 4 2 
Uridine (33/xN) 60 95 - -  - -  2 0 

Vesicles were incubated with [3H]adenosine or [3H]uridine (33 /zM) for 5 and 60 sec at 22~ Extraction and identification of the 
intravesicular products were performed as described in the text. Values are shown as a percentage distribution of total radioactivity 
detected on the TLC plate after subtraction of radioactivity bound to the filter in the absence of vesicles. Radioactivity that did not 
comigrate with one of the standards accounted for not more than 5% of the total 3H recovered. 

PHOTOAFFINITY LABELING WITH [3H]NBMPR 

Photoaffinity labeling of human placental brush border and basal 
membrane vesicle suspensions and rabbit erythrocyte mem- 
branes with [3H]NBMPR (8 riM) was performed under equilibrium 
binding conditions in the presence of 5 mM dithiothreitol as pre- 
viously described for a variety of membrane preparations [19]. 
Treatment of the radiolabeled membrane preparations (5 mg/ml) 
with trypsin-TPCK ( 10/xg per mg protein) was carried out at 22~ 
in 50 mM sodium phosphate, pH 7.5, l mM EDTA and 100 mM 
NaCI for various times and stopped by the addition of I mM 
phenylmethylsulphonyl fluoride and an equal volume of SDS/ 
polyacrylamide gel sample buffer [41]. Treatment with 
endoglycosidase-F (1 unit) was performed at 22~ for 18 hr in 100 
mM sodium phosphate, pH 6.1,75 mM/3-mercaptoethanol, 50 mM 
EDTA, 0.5% (wt/vol) Triton X-100 and 0.05% (wt/vol) SDS. The 
enzymatic digestion was terminated by addition of an equal vol- 
ume of SDS/polyacrylamide gel sample buffer [41]. Radioactivity 
associated with the membrane polypeptides was determined by 
SDS/polyacrylamide gel electrophoresis (t0% acrylamide) and 
slicing the gel into 2-ram fractions as described previously [19]. 

CHEMICALS 

[5,6-3H]uridine (46 Ci/mmol), [2,5',8-3H]adenosine (50 Ci/mmol), 
l-[propyl-2,3-3H]dihydroalprenolol (35 Ci/mmol) and 
[G-3H]NBMPR (23 Ci/mmol) were obtained from Amersham, 
U.K. and Moravek Biochemicals, CA, respectively. Trypsin- 
TPCK treated, NBMPR, dipyridamole and polyethylenimine 
were purchased from Sigma. Endoglycosidase F was obtained 
from Boehringer Mannheim. Dilazep was a generous gift from 
Hoffman La Roche (Basel, Switzerland). All other reagents were 
of analytical grade. 

Results 

METABOLISM OF NUCLEOSIDES BY BRUSH- 

BORDER MEMBRANE VESICLES 

In a previous study [46], using the guinea-pig per- 
fused placenta, we had observed rapid metabolism 
of adenosine. The Table also demonstrates that hu- 

man placental brush-border membrane vesicles me- 
tabolize adenosine principally to inosine. In con- 
trast, no significant metabolism of uridine occurs 
within 60 sec of incubating brush-border membrane 
vesicles with [3H]uridine (Table). Since metabolism 
can complicate the interpretation of uptake data we 
sought means of blocking adenosine metabolism. 
This was achieved using the potent and specific in- 
hibitor of adenosine deaminase, 2'-deoxycofor- 
mycin at 100/xM [I]. Brush-border membrane vesi- 
cles preincubated with 2'-deoxycoformycin for 30 
min exhibited no significant metabolism of adeno- 
sine. Therefore in subsequent kinetic experiments 
with adenosine, vesicles were preincubated with 100 
/ZM 2'-deoxycoformycin. Previous studies have 
demonstrated that 2'-deoxycoformycin is a poor per- 
meant of the nucleoside transporter in human eryth- 
rocytes (K,~ > 10 mM) (see ref. [35]). Moreover, 
control studies demonstrated that the initial rate of 5 
/zM adenosine influx by placental membrane vesicles 
was similar in the presence and absence of 100/XM 
2'-deoxycoformycin (0.37 _ 0.06 and 0.43 _+ 0.04 
pmol/mg protein/sec, respectively). 

TIME COURSE OF NUCLEOSIOE UPTAKE BY 

BRUSH-BORDER MEMBRANE VESICLES 

The time course of adenosine and uridine uptake (6.6 
/XM) by human placental brush-border membrane 
vesicles is shown in Fig. 1A and B in the presence 
of inwardly directed gradients of 100 mM NaC1 or 
choline chloride. In contrast to renal and intestinal 
brush-border membrane vesicles [15, I6, 27, 29, 30], 
no marked stimulation of adenosine or uridine up- 
take by placental brush-border membrane vesicles 
was observed in the presence ofa Na + electrochemi- 
cal gradient (Fig. 1). The initial rate of adenosine 
influx at 6.6 ~M, determined from the 0-60 sec time 
course (see Fig. 1A) as described in Materials and 
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Fig. 1. Time course of adenosine and uridine uptake by human 
placental brush-border membrane vesicles. Vesicles were incu- 
bated with 6.6 /~M [3H]adenosine in the presence of 100 /*m 2'- 
deoxycoformycin (A) or 6.6 /*M [3H]uridine (B) in the presence 
of inwardly directed gradients of 100 mr,~ NaCI or 100 mM choline 
chloride. [3HJadenosine uptake (A) was measured in the presence 
and absence of 10 btM NBMPR. Values are the mean -+ SD of 
triplicate estimates 

Methods, for three separate experiments was 0.60 -+ 
0.20 and 0.59 -+ 0.18 pmol/mg protein/sec for NaCI 
and choline chloride, respectively (mean • SEM). 
NBMPR (10/*m) was a potent inhibitor of adenosine 
uptake (Fig. IA) and reduced the rate of influx to 
30% of control: 1.03 +- 0.11(8) and 0.29 • 0.05(7) 
pmol/mg protein/sec in the absence and presence of 
10/~M NBMPR, respectively. The rate of NBMPR- 
sensitive uridine influx at 6.6 /~M was 0.063 + 
0.011(3) which is 10-fold less than that of NBMPR- 
sensitive adenosine influx at the same concentration. 
Hence further studies were performed with the phys- 
iologically relevant nucleoside, adenosine. 

In other experiments, the equilibrium value of 
uridine uptake was measured as a function of extra- 

vesicular osmolarity. The uptake of uridine was in- 
versely proportional to the extravesicular osmolar- 
ity (213-340 mOsm) and extrapolation to infinite 
extravesicular osmolarity (zero intravesicular 
space) gave a uridine uptake value of 0.27 _+ 0.35 
pmol/mg protein (mean • SD) that was not signifi- 
cantly different from zero. These results show that 
uptake of uridine occurred into an osmotically reac- 
tive intravesicular space and, furthermore, there is 
no significant binding of uridine to the membrane. 

The effect of storage at - 70~ for seven days on 
nucleoside uptake by the brush-border membrane 
vesicles was investigated. The membrane vesicles 
were revesiculated after thawing by passing them 
through a 25-gauge syringe needle. Both adenosine 
and uridine (6.6/3,M) uptake by the vesicles was re- 
duced after freezing. Initial rates of NBMPR-sensi- 
tive adenosine and uridine uptake from one placenta 
preparation were 0.39 and 0.09 pmol/mg protein/sec, 
respectively, for fresh vesicles and 0.08 and 0 
pmol/mg protein/sec, respectively, for the same vesi- 
cle preparation stored at - 70~ for seven days. Sub- 
sequent uptake studies used freshly isolated vesicles. 

KINETICS OF ADENOSINE TRANSPORT BY 

BRUSH-BORDER MEMBRANE VES1CLES 

The above results suggest that adenosine transport 
by brush-border membrane vesicles is mediated to 
a large extent by an NBMPR-sensitive facilitated- 
diffusion system. However, an NBMPR-insensitive 
facilitated-diffusion system has been found to be 
present in many animal cells in addition to the 
NBMPR-sensitive system (see Introduction). To 
test whether such an NBMPR-insensitive transport 
system was present in human placental brush-border 
membrane vesicles two approaches were used. 
First, the effect of a number of nucleoside transport 
inhibitors on adenosine influx was compared. Dila- 
zep and dipyridamole at high concentrations (>1 
p~M) wilt inhibit the NBMPR-insensitive component 
of nucleoside transport [28]. Both compounds (10 
/XM) exhibited the same level of inhibition as 
NBMPR. Initial rates of adenosine influx (final conc. 
33 /XM) were 1.3, 0.40, 0.38 and 0.35 pmol/mg pro- 
tein/sec for control, dipyridamole-, dilazep-, and 
NBMPR-treated vesicles. In the second approach 
the concentration dependence of adenosine influx in 
the presence and absence of 10 ~M NBMPR was 
determined. Despite the low signal-to-noise ratio at 
high adenosine concentrations (radioactivity associ- 
ated with membrane vesicles was only 30% higher 
than filter blank), adenosine uptake in the presence 
of 10 /~M NBMPR was linear but in the absence 
of NBMPR uptake was best fitted to a linear plus 
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Fig. 2. Concentration dependence of adenosine influx by human 
placental brush-border membrane vesicles. Vesicles pretreated 
with 100/J,M 2'-deoxycoformycin in the absence and presence of 
10 /XM NBMPR, were incubated with graded concentrations of 
[3Hladenosine (0-200/xg final concentration) for 5 sec. NBMPR- 
sensitive adenosine uptake was taken, either as the rate of uptake 
in the absence of N BMPR minus the rate of uptake in the presence 
of N BMPR, or by fitting the total uptake rates to a two-component 
system, assuming a saturable and linear component. Nonlinear 
least-squares fit of the data gave similar kinetic constants for 
saturable NBMPR-sensitive adenosine influx with a K,,, value of 
142 + 57 /xM and a Vma x of 1,9 + 0.44 pmol/mg protein/sec 
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Fig. 3. Inhibition of adenosine uptake in human placental brush- 
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mined from a complete time course for each concentration of 
inhibitor minus the initial rate of adenosine uptake in the presence 
of 10/~M NBMPR. Adenosine (ADO), uridine (URD), thymidine 
(dTHD) and inosine (INO). Values are expressed as a percentage 
of control initial adenosine uptake rates (total uptake less uptake 
in the presence of 10 /xM NBMPR) and represent the pooled 
results of experiments conducted with five different membrane 
vesicle preparations. The average variation (SE) for each point 
was 15% 

saturable component (Fig. 2). The kinetic constants 
of the saturable component shown in Fig. 2 were 
determined, either by the difference in uptake rates 
in the presence and absence of 10 ]J,M NBMPR, or 
by fitting the total uptake data to a two-component 
system assuming a single Michaelis-Menten compo- 
nent and also a linear component. Least-squares fit 
of the data by both analysis procedures gave almost 
identical kinetic constants with an apparent K m of 
142 _+ 57/J,M and a gma x estimate of 1.9 -+ 0.44 pmol/ 
mg protein/sec. These values should only be re- 
garded as an estimate because they are based on 
approximate initial rates (5-sec incubation only) and 
the high level of error introduced by the low signal. 
Nevertheless, the apparent K m value for adenosine 
influx is similar to that observed for the NBMPR- 
sensitive nucleoside transporter in many other cell 
types [14, 16, 19, 35]. 

INHIBITION OF ADENOSINE UPTAKE 

BY NUCLEOSIDES 

The ability of other nucleosides to interact with the 
adenosine transport mechanism in human placental 
brush-border membrane vesicles was studied by de- 
termining the effect of various concentrations of a 
nucleoside (including self-inhibition) on the initial 

rate of adenosine influx (Fig. 3). It can be seen that 
inosine and thymidine appear to be as effective in- 
hibitors as adenosine itself. An estimate of the ICs0 
(the concentration of nucleoside necessary to obtain 
50% inhibition of the initial rate of adenosine influx) 
for these substrates appear to be about 100 /,/,M. 
Uridine is the least effective of the nucleosides 
tested with an IC50 of approximately 600/~M. The 
nucleosides also reduced the rate of adenosine up- 
take to a similar value to that observed in the pres- 
ence of NBMPR providing further evidence that the 
NBMPR-resistant component of adenosine uptake 
represents simple diffusion. The IC50 for adenosine 
seRf-inhibition is similar to the apparent K m for aden- 
osine uptake (Fig. 2). 

[3H] ADENOSINE UPTAKE BY 

BASAL MEMBRANE VESICLES 

Figure 4 shows the time course of 6.6/XM adenosine 
uptake by human placenta basal membrane vesicles 
in the presence and absence of 10/XM NBMPR. The 
uptake rates were low and no significant inhibition 
by NBMPR was observed (mean initial rates of aden- 
osine uptake from four separate membrane prepara- 
tions were 0.058 -+ 0.017 and 0.065 -+ 0.019 pmol/mg 
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protein/sec in the absence and presence of 10 /.tM 
NBMPR, respectively). These low uptake rates (on 
a mg protein basis) compared to those obtained with 
brush-border membrane vesicles (see Fig. 1) pre- 
cluded the use of these basal membrane vesicles to 
characterize directly nucleoside transport. Interest- 
ingly, using these same membrane vesicles we were 
able to detect transport of other substrates such as 
3-O-methyl glucose, alanine and choline (data not 
shown, see also ref. [5]). 

[3H]NBMPR BINDING TO BRUSH-BORDER AND 

BASAL MEMBRANES 

The concentration dependence of equilibrium 
[3H]NBMPR binding to human placental brush-bor- 
der and basal membrane are illustrated in Fig. 5 with 
the results of one experiment. [3H]NBMPR binding 
was resolved into saturable and linear components. 
High concentrations of NBMPR (10/ZM) eliminated 
saturable binding but had no effect on the linear 
component. Specific binding is defined as the differ- 
ence in binding in the presence and absence of I0 
~M NBMPR. From four brush-border and basal 
membrane preparations, respectively, the following 
parameters (mean + SEM) were estimated by least- 
square analysis of the specific binding data using 
the computer program Enzfitter (Elsevier, Biosoft): 
apparent K d 0.98 + 0.21 and 1.05 -+ 0.13 riM; Bma x 
(maximal binding) 2.53 -+ 0.63 and 1.60 -+ 0.34 pmol/ 
mg protein. Furthermore, Scatchard plots of the spe- 
cific binding data were linear indicating a single pop- 
ulation of high-affinity NBMPR binding sites in both 
membrane preparations. 
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cles. Membrane vesicles were incubated with graded concentra- 
tions of [3H]NBMPR for 30 min at 22~ in the presence and 
absence (control) of 10/~M NBMPR. Membrane associated radio- 
activity is plotted against the final free concentration of 
[3H]NBMPR. The individual data points of one experiment are 
shown 

INHIBITION OF [3H]NBMPR BINDING 

BY NUCLEOSIDES 

Figure 6 shows the dose-response curves for inhibi- 
tion of site-specific NBMPR binding by adenosine, 
inosine, uridine and thymidine. The apparent K i val- 
ues estimated from IC50 values for inhibition of 
NBMPR binding by brush-border and basal mem- 
brane vesicles were, respectively, 0.23 +_ 0.012 and 
0.14 + 0.045 mM for adenosine, 0.36 -+ 0.035 and 
0.54 -+ 0.046 mM for inosine, 0.70 + 0.12 and 1.09 -+ 
0.18 mM for thymidine and 0.78 -+ 0.10 and 1.26 -+ 
0.20 mM for uridine (mean +- SEM from three sepa- 
rate experiments). Moreover, adenosine in the pres- 
ence of 2'-deoxycoformycin was shown to behave 
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Fig. 6. Effect ofnucleosides on site-specific [3H]NBMPR binding 
to human placental brush-border (A) and basal (B) membrane 
vesicles. Site-specific (NBMPR-sensitive) [3H]NBMPR binding 
(0.75 riM) was measured in the presence of adenosine (ADO), 
uridine (URD), thymidine (dTHD) and inosine (INO). Results 
are plotted as a percentage of control high-affinity [3H]NBMPR 
binding activity in the absence of inhibitors (2.0 and 2.8 pmol/mg 
protein for brush-border and basal membranes, respectively). 
Values are means --+SD of triplicate estimates 

as a competitive inhibitor of [3H]NBMPR binding, 
apparent K; values of 250 and 160 /XM for brush- 
border and basal membrane vesicles, respectively. 
Dilazep and dipyridamole were also shown to be 
potent inhibitors of [3H]NBMPR binding (IC50 val- 
ues of 0.21 and 0.24 nM for dilazep and 7.5 ___ 2.5(3) 
and 6.5 _+ 0.9(3) nM for dipyridamole, for brush- 
border and basal membrane vesicles, respectively). 

PHOTOAFFINITY LABELING WITH [3H]NBMPR 

Previous studies have described the use of NBMPR 
as a covalent photoaffinity probe of the NBMPR- 
sensitive nucleoside transporter in human erythro- 
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Fig. 7. Photoaffinity labeling of rabbit erythrocyte membranes 
and human placental brush-border and basal membranes with 
[3H]NBMPR. (A) Membranes (rabbit erythrocyte, brush border 
and basal) equilibrated with 8 nM [3H]NBMPR in the presence of 
5 mM dithiothreitol were exposed to UV light for 30 sec at 4~ 
Data for brush-border and basal placental membranes are 
multiplied by 1.5 for clarity. (B) Human placental basal mem- 
branes equilibrated with 8 nM [3H]NBMPR in the absence and 
presence of 5 or 20 mM adenosine were supplemented with 5 mM 
dithiothreitol and exposed to UV light for 30 sec at 4~ Samples 
were subjected to SDS/polyacrylamide gel electrophoresis as de- 
scribed in the text. Positions of the molecular weight standards 
are from the same slab gel. a, stacking gel-running gel interface; 
b, tracking dye front 

cytes and a variety of membrane preparations from 
tissues and cultured cells (see ref. [19] and refer- 
ences therein). Figure 7 compares the photoincorpo- 
ration of [3H]NBMPR into rabbit erythrocyte mem- 
branes and human placental brush-border and basal 
membrane vesicles. In all three cases, a major peak 
of radiolabeling was observed that comigrated 
within the apparent M r region of 77,000-45,000. An 
additional lower radiolabeled molecular peak was 
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Fig. 8. Effect of endoglycosidase F on the electrophoretic mobil- 
ity of [3H]NBMPR pbotoaffinity labeled human placental brush- 
border membranes. Brush-border membranes photolabeled with 
[3H]NBMPR were incubated for 18 hr at 22~ in the presence 
(endo F) and absence (control) of enzyme and electrophoresed 
as described in Materials and Methods. 3H profiles and positions 
of M r standards (kDa) are from the same slab gel 

also observed in some membrane vesicle prepara- 
tions (Figs. 7B and 8). This peak is likely to represent 
a degradation product of the nucleoside transporter 
[19, 20]. Previous results have shown that the 
NBMPR-labeled nucleoside transporter in rabbit 
erythrocytes comigrates with the human erythrocyte 
nucleoside transporter with a peak apparent M r of 
55,000 [20]. Covalent incorporation of [3H]NBMPR 
into these polypeptides was abolished when photoly- 
sis was carried out in the presence of 10/J,M NBMPR 
(data not shown) and 20 mM adenosine (Fig. 7B). In 
the same experiment 5 mM adenosine reduced [3H] 
incorporation by about 50%. In other experiments, 
the effect of trypsin and endoglycosidase F digestion 
on the apparent M, of the [3H]NBMPR photolabeled 
proteins in brush-border membranes was investi- 
gated. Trypsin digestion (10/xg per mg protein for 
15 rain at 22~ resulted in complete cleavage of the 
45,000-77,000 radiolabeled protein, but in contrast 
to human erythrocytes no discrete smaller M r frag- 
ments were resolved on the SDS-gel electrophero- 
gram [13]. Figure 8 shows that endoglycosidase F 
cleavage caused a shift of the 3H peak to a lower 
apparent M r of 46,000, a value similar to that pre- 
viously obtained with the endoglycosidase F treated 
human erythrocyte nucleoside transporter [24]. The 
electrophoretic mobility of the presumed degrada- 
tion 3H peak was also shifted to a lower-M r region 
of the gel, suggesting the polypeptide fragment(s) 
are also glycosylated. 

Discuss ion  

The human placental syncytiotrophoblast is a polar- 
ized epithelium with cytological similarities to intes- 
tinal and renal epithelium [43]. Extensive work corn- 

paring maternal and fetal side blood-tissue transport, 
and transplacentat transfer, of various substrates, 
e.g., amino acids [51] and choline [401, has been 
made in the perfused guinea pig by Yudilevich and 
co-workers. In human placenta, even though there 
are many studies with brush-border vesicles, the 
work with basal vesicles is very scarce [see reviews 
37, 51 and more recently I1]. This paper reports 
the first attempt to investigate the characteristics of 
nucleoside transport across the plasma membrane 
of both sides of the human trophoblast. It relates 
to our previous studies in the guinea pig in which 
adenosine [46] and uridine [45] transport were inves- 
tigated. Evidence is provided which indicates that, 
in contrast to the polarized epithelia of kidney [47], 
brush-border and basal membrane vesicles isolated 
from the normal term human placentae, both possess 
an NBMPR-sensitive facilitated-diffusion system. 

BRUSH-BORDER MEMBRANE 

Rapid metabolic degradation of adenosine (see the 
Table) has also previously been observed in the per- 
fused guinea-pig placenta where metabolic transfor- 
mation appeared to be due, in part, to an ectoenzyme 
[46]. In addition, an adenosine deaminase binding 
protein has been identified in human placenta [42] 
and isolated in some other tissues [4, 7]. Metabolism 
of adenosine by renal and intestinal brush-border 
membrane vesicles has also been demonstrated 
([ 15]; T.C. Williams & S.M. Jarvis, unpublished ob- 
servations), suggesting that in these tissues adeno- 
sine deaminase may either be membrane bound or 
become associated with the membrane during prepa- 
ration of the vesicles. Absence of uridine metabo- 
lism by brush-border membrane vesicles (Table) was 
also observed in the guinea-pig placenta [45]. 

The saturable component of adenosine transport 
was independent of the sodium gradient having simi- 
lar properties to the well-studied NBMPR-sensitive 
nucleoside transporter present in many other mam- 
malian tissues including human erythrocytes [ 14, 19, 
35]. Other purine and pyrimidine nucleosides, and 
the blockers dilazep and dipyridamole failed to in- 
hibit adenosine influx further than that measured in 
the presence of NBMPR. This demonstrates that the 
linear component of adenosine uptake represents 
simple diffusion and not an NBMPR-insensitive fa- 
cilitated-diffusion carrier (see Introduction). This 
high linear component could, in part, be an artifact 
inherent to the preparation of the vesicles. The rate 
of uridine influx was much lower than that of adeno- 
sine at the same extravesicular concentration and 
appeared, like adenosine, to be independent of the 
sodium gradient (Fig. 1). This again parallels the 
kinetic properties of the human erythrocyte nucleo- 
side transporter [35]. 
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Inhibition of adenosine transport by NBMPR 
was associated with high-affinity binding of the in- 
hibitor to the brush-border plasma membrane with 
an apparent Kj similar to that reported for many 
other mammalian tissues [6, 14, 17, 35]. In addition, 
the nuc[eosides adenosine, inosine, thymidine and 
uridine, and the inhibitors dilazep and dipyridamole 
blocked [3H]NBMPR binding with inhibition con- 
stants consistent with their relative affinity for 
NBMPR-sensitive nucleoside transporters in a vari- 
ety of tissues [6, 14, 17, 19, 28, 35]. It should be 
noted that NBMPR binding to rat tissues is 10-100 
times less sensitive to inhibition by dipyridamole 
and dilazep than other tissues [16, 18, 19]. 

BASAL MEMBRANE 

[3H]adenosine uptake by basal vesicles was less than 
10% of that observed with brush-border membrane 
vesicles when the data is expressed on a mg protein 
basis (Fig. 3). However, basal vesicles are much 
smaller (see Materials and Methods) and when the 
uptake rates are expressed on the basis of intravesi- 
cular volume the difference in uptake rates between 
the two vesicle preparations was reduced to approxi- 
mately twofold. Nevertheless, for basal vesicles it is 
difficult to interpret tbe [3HJadenosine influx results 
due to the low vesicle uptake compared to the radio- 
activity associated with the filter blank. This may 
explain the apparent lack of inhibition of adenosine 
uptake by NBMPR despite the presence of high- 
affinity [3H]NBMPR binding sites in the basal mem- 
brane preparation (Fig. 5B). An alternative explana- 
tion, but one that we do not favor, is that the 
NBMPR binding site has become "uncoupled" from 
the permeation site and thus NBMPR can no longer 
inhibit transport even though binding is not affected. 
It is also possible that some nucleoside transport 
activity is lost without an effect on [3HJNBMPR 
binding during the isolation of the basal membrane 
vesicles as is observed after freezing. The properties 
(equilibrium binding constants and inhibition con- 
stants for nucleoside inhibition) of saturable high- 
affinity PH]NBMPR binding to basal membrane ves- 
icles were similar to those observed for brush-border 
membrane vesicles (Figs. 5 and 6). Data on the study 
of [3H]NBMPR binding sites in other epithelia is 
scarce. However, one of us has recently reported 
that rabbit renal outer cortical basolateral mem- 
branes possess specific NBMPR sites with equilib- 
rium binding constants of 0.76 -+ 0.46 nM for the 
apparent K d with a Bma x of 1.4 --+ 0.9 pmol/mg protein 
[47]. These values are not significantly different from 
those measured in this study for basal and brush- 
border human placental membranes [47]. 

PHOTOAFFINITY LABELING AND 
MOLECULAR PROPERTIES OF PLACENTAL 
NUCLEOSIDE TRANSPORTERS 

To the best of our knowledge, the present results 
represent only the second human tissue in which 
the transporter has been identified by photoaffinity 
labeling, the first being the human erythrocyte [50]. 
Our results strongly suggest that the labeled mem- 
brane polypeptides represent the NBMPR-sensitive 
nucleoside transporter. Preliminary studies using a 
po[yclonal antibody against the human erythrocyte 
nucleoside transporter [25] detected a single poly- 
peptide (Mr -55,000) on Western blots for brush- 
border membrane vesicles (T. Davies, S.A. Bald- 
win, D.L. Yudilevich & S.M. Jarvis, unpublished 
observations). Interestingly, the antibody failed to 
detect any protein bands on Western blots per- 
formed with human placental basal membranes de- 
spite that fact that both membrane preparations had 
similar numbers of [3H]NBMPR binding sites. 

POSSIBLE ERYTHROCYTE CONTAMINATION 

The above studies strongly suggest that the nucleo- 
side transporter systems in the human placenta share 
all the properties of the nucleoside transporter in 
human erythrocytes. This raises the possibility that 
the observations are in part due to erythrocyte con- 
tamination. An earlier study [44] has addressed this 
question oferythrocyte contamination by measuring 
the activity of the erythrocyte enzyme, acetylcholin- 
esterase. The activity of acetylcholinesterase was 
250- and 24-fold less in the brush-border and basal 
membrane vesicles compared with the erythro- 
cyte membrane. Using the average number of 
[3H]NBMPR binding sites of 30 pmol/mg of erythro- 
cyte protein [17], the maximum level of [3H]NBMPR 
binding derived from erythrocyte contamination 
would be 0.12 and 1.25 pmol/mg protein for brush- 
border and basal membrane vesicles, respectively. 
Thus, it is unlikely that the nucleoside transport 
activity in brush-border membrane vesicles arose 
from erythrocyte contamination, but for basal mem- 
brane vesicles this is a possibility, However, the 
above preliminary studies with an antibody to the 
human erythrocyte nucleoside carrier were unable 
to detect its activity on Western blots for basal mem- 
branes. 

CONCLUSION 

The present study has for the first time firmly demon- 
strated the presence of an NBMPR-sensitive facili- 
tated-diffusion nucleoside transporter in brush- 
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border (maternal facing) membrane vesicles isolated 
from the human placenta. In addition, the results 
suggest that a similar nucleoside transport system 
may be present at the basal (fetal surface) of the 
syncytiotrophoblast of the human placenta. Glucose 
transport across the basal and microvillous mem- 
brane of the human placental syncytium also occurs 
by similar facilitated-diffusion transport mecha- 
nisms that are blocked by cytochalasin B [21, 22]. 
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