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Taurocholate (TC) transport across the basal plasma membrane of the human trophoblast is a carrier-mediated process, whose 
specificity is probably not restricted to TC. The aim of this work was to gain further insight into the role of hydroxylation and 
conjugation in the behavior of the carrier system vs. bile acid (BA) species. Radiolabeled TC transport by basal plasma 
membrane (BPM) vesicles obtained from human term placenta was measured by a rapid filtration technique. Glycocholate (GC), 
taurochenodeoxycholate (TCDC) and taurodeoxycholate (TDC) inhibited TC binding to BPM. These bile acids compete with TC 
for the binding sites. Symmetry properties for GC- and TCDC-induced inhibition of TC transport was found in experiments 
where GC or TCDC were at the c/s-side of the membrane (uptake and effiux experiments). GC and TCDC-induced inhibition 
seems to be of mixed type. By contrast, TDC was observed to affect TC transport differently, depending on whether the 
experiments addressed uptake or effiux. At the intracellular side of the membrane (uptake), TDC induced a marked increase in 
both Vma x and K t. However, at the fetal side (efflux) a significant reduction in both Fm~ , and K t was found. In spite of these 
peculiarities, the values for K i were  very close for GC, TCDC and TDC at the intracellular side but not at the fetal side, where 
the decreasing order for g i was GC > TCDC > TDC. TC uptake by BPM vesicles was not modified in the presence of a wide 
range of estrone sulfate concentrations (0.002-1.0 mM). In summary, these results indicate that a particular bile acid molecular 
structure is necessary for steroid-related compounds to interact with the bile acid carrier located in BPM. They also suggest that 
changes in the number and position of hydroxy groups, as well as in the amino-acid moiety in amidated bile acids modify the 
behavior of the carrier, which may play an important role in the net vectorial transfer of bile acids across the placenta. 

Introduction 

Bile acids enter the human trophoblast  from the 
fetal blood as the first step in the placental transfer of 
these compounds towards the maternal  blood. This is 
performed via a carr ier-mediated process [1]. In previ- 
ous studies we have reported that taurocholate trans- 
port across this membrane  is activated by an inversely- 
directed bicarbonate gradient [2] and that the speci- 
ficity of this t ransporter  is probably not restricted to 
taurocholate; rather  it would include another  bile acid 
species, as well as certain non-bile-acid cholephilic 
organic anions [3]. The particular interactions of the 
carrier with bile acids of different molecular structure 
may be important in the control of the overall transfer 
process. In this respect, it should be noted that there 
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are differences in both the maternal  and fetal bile acid 
pool compositions [4]. This is partially accounted for by 
differences in the synthesis and biotransformation of 
bile acids by the mother  and the fetus [5]. 

The aim of the present  work was to gain further 
insight into the role of  hydroxylation and conjugation 
in the behavior of the carrier system vs. bile acid 
species, a requisite for understanding the relevance of 
placental bile acid transfer in fetal-maternal physiology 
and physiopathology. Because the role of simple diffu- 
sion across the trophoblast seems to be minor, due to 
the low permeabili ty of lipid bilayers for anionic bile 
acid molecules [6], impairments in carrier-mediated 
transfer may be the origin of fetal a n d / o r  maternal  
diseases. Additionally, in pathological situations induc- 
ing hypercholanemia, different carrier specificities may 
determine a differential net accumulation of certain 
types of  bile acids in fetal blood. This may be very 
important for the fetus because the toxic propert ies of 
bile acids, such as teratogenicity [7], differ widely. The 



biological effects of bile acids depend on their physico- 
chemical characteristics and these are mainly deter- 
mined by the number and position of their hydroxy 
groups and the presence of polar polyatomic groups, 
such as sulfation, glucuronation and, most important, 
amidation of the side chain with glycine or taurine [8]. 

In order to perform this work, taurocholate (3a,7a, 
12a-trihydroxy-5fl-cholanoyltaurinate) binding and 
transport (efflux and uptake) by basal plasma mem- 
brane (BPM) vesicles obtained from human term tro- 
phoblast were investigated in the presence of three 
model bile acid species, i.e., glycocholate (3a,7a,12a- 
trihydroxy-5fl-cholanoylglycinate), a primary trihydroxy 
bile acid resembling taurocholate but conjugated with 
glycine instead of taurine; taurochenodeoxycholate 
(3a,7a-dihydroxy-5/3-cholanoyltaurinate), another pri- 
mary bile acid similar to taurocholate, except for the 
lack of the 12-hydroxy group, and taurodeoxycholate 
(3a,12a-dihydroxy-5fl-cholanoyltaurinate), a secondary 
bile acid which differs from taurocholate in the lack of 
the 7-hydroxy group. The effect of one of the major 
circulating steroids in human, i.e., estrone sulfate - a 
non-bile acid molecule that like bile acids has a steroid 
ring - was also investigated. 

Part of this work was presented at the 26th meeting 
of the European Association for the Study of the Liver, 
September 11-14, 1991, Palma de Mallorca, Spain and 
it has appeared in part in abstract form in the Journal 
of Hepatology 13, $13, 1991. 

Materials and Methods 

Materials. Labeled taurocholate, L-alanine and dihy- 
droalprenolol (DHAP) were obtained from New Eng- 
land Nuclear (Itisa, Madrid, Spain). Unlabeled bile 
acids and estrone sulfate were purchased from Sigma 
(St. Louis, MO, USA). N-2-hydroxyethylpiperazine-N'- 
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2-ethanesulfonic acid (Hepes) was purchased from 
Boehringer-Mannheim (Mannheim, Germany). All 
other reagents were from Merck (Darmstadt, Ger- 
many) or were of similar analytical grade. The purity of 
labeled and unlabeled bile acids was higher than 95% 
as indicated by the manufacturers by TLC and con- 
stated by us by HPLC. 

Preparation of plasma membrane vesicles. Basal 
plasma membrane (BPM) vesicles were purified from 
normal term human placentas kindly supplied by the 
Gynaecology and Obstetrics Department of the Virgen 
de la Vega Hospital (Salamanca, Spain). The BPM 
vesicles were prepared by an adaptation of the method 
of Kelley et al. [9], as described elsewhere [1]. The 
purity, integrity and orientation of the BPM vesicles 
were assayed, as indicated previously [1] by dihydroal- 
prenolol binding [10], Na+/K+-ATPase activity latency 
(EC 3.6.1.37) [11], ouabain binding latency [12], alka- 
line phosphatase activity (EC 3.1.3.1) [13], L(+)- 
tartrate-sensitive acid phosphatase (EC 3.1.3.2) [14], 
glucose-6-phosphatase (EC 3.1.3.9) [15] and succinic 
dehydrogenase (EC 1.3.99.1) [16]. These measurements 
gave results (Table I) similar to those reported previ- 
ously [1]. Protein was determined by the method of 
Lowry et al., as modified by Markwell [17], with bovine 
serum albumin as standard. 

BPM vesicles were stored in buffer A (250 mM 
sucrose, 100 mM KNO3, 10 mM MgC12, 0.2 mM CaCI 2, 
10 mM Hepes-Tris (pH 7.40)) at - 80 °C until used. No 
significant difference in taurocholate uptake or efflux 
between fresh and frozen/thawed vesicles was found 
up to four weeks (data not shown). Before carrying out 
the experiments, the vesicles were first quickly thawed 
at 37°C and diluted with buffer A, except for loading 
purposes (10 mg protein/ml), to approx. 5 mg 
protein/ml. They were then vesiculated by 6 passages 
through a 25-gauge needle. 

TABLE I 

Purity, integrity and orientation of BPM vesicles 

Results  are means  5: S.E.. Number  in parentheses  represents  the number  of  determinations in different preparat ions tested. The  integrity of  the 
BPM vesicles was calculated from the N a + / K + - A T P a s e  latency. The  proportion of sealed vesicles was 56.3 + 0.6%. The orientation of the  
vesicles was calculated by considering the ouabain binding latency as due to the inside-out sealed vesicles. Most  (70.4%) of the sealed vesicles 
were found to he inside-out oriented. 

Fraction Homogenate  BPM vesicles BPM vesicles Enr ichment  a 
+ SDS 

D H A P  binding 0.013 + 0.002 0.33 + 0.09 - 25.15 
(pmol D H A P / m g  protein) (n = 5) (n = 4) 

Alkaline phosphatase  6.9 + 1.5 34.6 + 9.2 - 5.01 
( ~ m o l / h  per  mg protein) (n  = 4) (n = 5) 

Na + / K  +-ATPase - 0.48 + 0.07 1.09 + 0.14 - 
( /~mol /h  per mg protein) (n = 7) (n  = 7) 

Ouabain binding - 1489 + 224 2466 + 129 - 
(arbitrary un i t s / r ag  protein) (n  ~ 5) (n ~ 7) 

a Enrichment  is the ratio of marker  enzyme activity in the  BPM preparation to the activity in the homogenate. 
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Binding and transport studies. To perform binding 
studies and thereafter to carry out efflux experiments, 
the vesicles were preloaded with bile acids as follows: a 
double-concentrated suspension of purified BPM 
preparation was diluted 1:1 with buffer A containing 
2 × C mM unlabeled bile acid plus approx. 5000 
dpm//zl [~4C]taurocholate (spec. act. 46.7 mCi/mmol), 
where C was the desired final concentration of bile 
acid. The BPM vesicles were incubated with the buffer 
containing labeled and unlabeled bile acids at 25 °C for 
2 h before use. 

To carry out transport studies, bile acid retention by 
the BPM vesicles was measured by a rapid filtration 
technique [18]. Experiments were initiated by adding 
80/zl of incubation buffer to 20 ~l of BPM suspension 
(approx. 5 /~g vesicle protein//xl). The composition 
and conditions of the different incubation and loading 
buffers are indicated in the legend of the tables and 
figures. The incubations were ended by the addition of 
4 ml of ice-cold stop solution (250 mM KCI, 25 mM 
MgSO 4, 10 mM Hepes-Tris (pH 7.40)) and immediate 
filtration through 0.65 /zm Millipore cellulose-nitrate 
filters (Millipore, Madrid, Spain). The incubation test- 
tubes and subsequently the filters were rinsed once 
again with the same stop solution and then three 
additional times with similar stop solution containing 
0.1 mM unlabeled bile acid. This procedure, selected 
on the base of preliminary studies (Fig. 1), reduces the 
retention of radioactivity by the filters (blank). Typi- 
cally, 5" 104 dpm applied to the filters gave an average 
blank of less than 50 dpm. In efflux experiments, the 
total loaded radioactivity after 2 h loading (Qo) was 
measured by rapid filtration after adding 20 ~l of the 
vesicle suspension and 80 izl of the incubation medium 
directly to 4 ml of stop solution. Net efflux was calcu- 
lated by subtracting the actual value of radioactivity 
found at the incubation time considered (Q,) from Qo, 
determined for each specific loaded vesicle prepara- 
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Fig. 1. Effect of washing 0-4-tiraes with 4 ml of ice-cold stop solution 
(250 mM KCI, 25 mM MgSO4, 10 raM Hepes-Tris (pH 7.40)) 
containing 0.1 mM unlabeled taurocholate (TC). Before washing and 
filtering, the vesicles were incubated for 60 rain with 0.1 mM unla- 
beled taurocholate solution containing approx. 50000 dpm of 
[t4c]taurocholate (o). Some vesicles were also incubated in the 
presence of 0.5% Triton X-100 (o). Values are raean+S.E, from 

duplicate values obtained in three different BPM preparations. 
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Fig. 2. Typical time course of taurocholate (TC) uptake (upper 
panel) and efflux (lower panel) by BPM vesicles. In uptake experi- 
ments, BPM vesicles (20 ~tl) were incubated with 80 p,l buffer A (250 
raM sucrose, 0.2 mM CaCI2, 10 mM MgC12, 100 raM KN03, 10 raM 
Hepes-Tris (pH 7.40)) containing 0.1 raM of TC. In efflux experi- 
ments, 20 p.l of 0.1 raM TC-ioaded BPM vesicles were incubated 
with 80 p.l bile acid-free buffer A. As shown in the figure, values are 

usually obtained in triplicate in the same BPM preparation. 

tion. Radioactivity on the filters was measured in a 
liquid scintillation counter (LS-1800-Beckman: Beck- 
man Instruments, Madrid, Spain) using Ready Safe 
Scintillation Cocktail, also from Beckman, as a scintil- 
lant. 

Data analysis. As indicated in the legend of the 
tables and figures, all incubations were performed in 
duplicate or triplicate and all observations confirmed 
in three or more separate BPM preparations. Values 
are given as means + S.E. Significance was determined 
by the paired t-test or the Bonferroni method of multi- 
ple range testing, as appropriate. Kinetic studies were 
carried out at 37°C under initial velocity conditions; 
i.e., at 30 s incubation time (Fig. 2). For kinetic analy- 
sis, the values for taurocholate uptake or efflux rate 
were fitted to an equation comprising the sum of 
saturable and linear components. The estimations were 
made by nonlinear regression analysis using the soft- 
ware described by Yamaoka et al. [19]. The inhibition 
constant K i for BA was determined using Lineweaver- 
Burk plots. Regression lines were calculated by the 
least-squares method. Statistical analysis was done on a 
Macintosh SE Computer (Apple Computer, Cupertino, 
CA, USA). 

Results 

Bile acid binding to BPM vesicles 
To understand the mechanism of a selective trans- 

port system it is important to analyze each kinetic 
process independently. Thus, the first step in the car- 
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Fig. 3. Effect of 0.3 mM glycocholate (GC), taurochenodeoxycholate 
(TCDC) or taurodeoxycholate (TDC) on taurocholate (TC) load by 
BPM vesicles measured after 2 h incubation at 25°C in the presence 
of the indicated TC concentrations in the media. Double-con- 
centrated BPM suspensions were loaded by incubation (1:1 (v/v)) 
with a similar buffer containing 0.1, 0.2, 0.4, 0.8 or 1.6 mM TC and 
0.6 mM GC, TCDC or TDC. Values are means 4- S.E. obtained from 
experiments (Control, n = 13; GC, n = 6; TCDC, n ~ 6; TDC, n = 6) 

carried out in triplicate on five different vesicle preparations. 

r ier-mediated transport  process, i.e., the binding of the 
ligand (TC) to the carrier, was investigated in the 
presence of one of the bile acid species chosen. In 
experiments where TC associated with BPM was mea- 
sured after incubation for 2 h at 25°C together with 
GC, T C D C  or TDC (Fig. 3), there were two major 
findings: (i) The plot of  TC load (Qo) vs. TC concen- 
tration in the loading media was not linear. (ii) The 
extent of Qo was reduced in the presence of GC, 
TCDC or TDC. 

These findings suggest that a saturable component  
is involved in the process of  bile acid loading by BPM 
vesicles. Such saturability is unlikely to be due to the 
fraction of TC in solution within the vesicle because 
the concentration of this compound in the loading 
media was lower than the so-called critical micellar 
concentration (CMC), which is in the range of 3-12  
mM for most endogenous bile acids [20]. Therefore,  
aggregation due to micelle formation or loss of  vesicu- 
lar content due to detergent  effects on the plasma 
membrane  can be reasonably ruled out and a binding 
of bile acid to BPM vesicles should be postulated to 
account for the saturable component  of Qo- To  con- 
firm this point, four BPM preparat ions were incubated 
with 0.1 mM L-[14C]alanine for 2 h in the presence or 
absence of 1.0 mM TC. The amount  of  radioactivity 
found in BPM incubated with both L-[14C]alanine and 
TC was 103.9% (±4.7 ,  S.E.) of  that found in BPM 
incubated without TC. This suggests the absence of 
vesicle disruption in the presence of TC, at least, up to 
1.0 mM. These experiments were also used to obtain 
an approximate value for intravesicular volume (Iv). To 
do so, it was assumed that at equilibrium, equal L- 
[lac]alanine concentrations within and outside the vesi- 
cles was reached and that L-[14C]alanine binding to 
BPM was negligible [21]. The calculated I v value was 

0.776 / z l /mg  protein. Using this value we fitted the 
experimental  Qo values to the following equation: 

Qo = ((C'Bmax)/(Kb + C))+(Ub'C)  + ( I v ' C )  (1) 

The saturable term of the equation, ((C" Bmax) / (K b 
+ C)), presumably accounts for TC binding to specific 
sites on BPM. In this term, Bm~,, is the maximal sat- 
urable binding and K b is the half-maximal concentra- 
tion for saturable binding. Two additional linear terms 
are also included in the model. The first, (U b • C), is 
due to nonsaturable binding and, therefore, Ub is the 
affinity constant. The second linear term, ( I  v • C), 
stands for the amount  of TC assumed to be dissolved 
within the vesicle, and hence I v is the intravesicular 
volume. The values for these constants were calculated 
by nonlinear regression-and the results are shown in 
Table II. GC, T C D C  and T D C  were found to signifi- 
cantly reduce the efficiency of the saturable TC bind- 
ing to BPM vesicles, expressed as Bmax/K b. The  effect 
was mainly due to an increase in the K b value. The 
inhibitory potency for these bile acids, was TDC > 
T C D C  > GC. Contrariwise, Table II  also shows that 
the nonsaturable term was not significantly affected by 
these bile acids. 

Bile acid transport by B P M  vesicles 
The study of TC transport  in the presence of GC, 

TCDC or T D C  at the c/s-side of  the membrane,  i.e., 
both these bile acids and TC outside the vesicle in 

TABLE II 

Fitting parameters of TC load by BPM vesicles 

Double-concentrated BPM suspensions were loaded after 2 h incu- 
bation at 250C (1 : 1 (v/v)) with similar buffer containing 0.1, 0.2, 0.4, 
0.8 or 1.6 mM TC and 0.6 mM GC, TCDC or TDC. Results are 
means=l: S.E. from data obtained in duplicate or triplicate measure- 
ments carried out in six BPM preparations. Best fitting by nonlinear 
regression analysis of loading data points was that obtained using the 
following equation: Qo --- ((C" Bm~)/(C + Kb)) + (U b" C) + (I v' C), 
where C is the value of taurocholate concentration inside and 
outside the vesicles, Braax is maximal saturable binding, K b is the 
half-maximal concentration for saturable binding, U b is the affinity 
constant for nonsaturable binding and I v is the intravesicular vol- 
ume, assumed to be 0.776 ~l/mg protein from experimental mea- 
surements. The results were compared to control experiments by the 
Bonferroni method of multiple range testing. 

Bmax Kb Ub Bm= / Kb 
(nmol/mg (mM) (nl/mg (% of 
protein) protein) control) 

Control 10.55 5:1.02 0.95 + 0.07 105 + 9 100 
GC 9.85-t-1.44 1.02+0.06 1125:6 86.714-2.20 * 
TCDC 8.14+1.80 1.385:0.17 120+ 7 53.214-2.30 * 
TDC 9.554-1.44 1.71+0.16 * 117-1-11 50.43-1-5.70 * 

* P < 0.05. 
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uptake experiments or both inside the vesicle in efflux 
experiments (Fig. 4), dearly indicates the existence of 
GC-, TCDC- and TDC-induced inhibition of TC trans- 
port. The inhibition due to GC shows certain symmetry 
characteristics. The efficiency of TC transport (Vm~x/ 
K t) w a s  similarly reduced both in uptake (Fig. 5) and 
efflux experiments (Fig. 6). Analysis of TCDC-induced 
inhibition revealed that this was stronger in the efflux 
(Fig. 6) than in the uptake (Fig. 5) experiments. The 
mechanism of GC and TCDC-induced inhibition seems 
to be similar at both sides of the membrane and hence 
a mixed inhibition with a very important effect o n  l/ma x 

is suggested. TDC showed a very peculiar effect; for 
this bile acid different results were obtained depending 
on whether the experiments addressed uptake or el- 
flux. TDC was found to inhibit TC uptake by a mecha- 
nism involving an increase in both Vma x and K t (Fig. 5). 
However, a reduction in both Vm~ x and K t w a s  found 
in efflux experiments (Fig. 6). In both cases the effi- 
ciency of TC transport was significantly decreased. 

The values for K~ were very close for GC, TCDC 
and TDC on the intracellular side of the membrane 
(uptake experiments) (Fig. 7). By contrast, from efflux 
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Fig. 4. Effect of 0.3 mM  glycocholate (GC), taurochenodeoxycholate 
(TCDC) or taurodeoxycholate (TDC) on the initial rate of tauro- 
cholate (TC) uptake (upper panel) and efflux (lower panel) by BPM 
vesicles. In uptake experiments, aliquots (20 p.l) of the vesicle sus- 
pension were incubated with 80 /~1 buffer  A (250 m M  sucrose, 0.2 
m M  CaCI2, 10 m M  MgCl2, 100 m M  KNO 3, 10 m M  Hepes-Tris  (pH 
7.40)) containing varying concentrations of TC and 0.3 m M  GC, 
T C D C  or TDC. The initial rate of taurocholate efflux by BPM 
vesicles was studied using aliquots (20/ .d)  of the vesicle suspension 
preloaded with varying concentrations of taurocholate and 0.3 m M  
GC, TCDC or T D C  that were incubated with 80 p.l bile acid-free 
buffer A. Values are means + S.E. obtained from experiments (Up- 
take: Control, n = 9; GC, n = 6; TCDC,  n = 8; TDC, n = 6. Efflux: 
Control, n = 13; GC, n = 6; TCDC,  n = 6; TDC, n = 6) carried out in 

triplicate on five different vesicle preparations. 
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Fig. 5. EffeCt of 0.3 m M  glycocholate (GC), taurochenodeoxycholate 
(TCDC) or taurodeoxycholate (TDC) on apparent maximal velocity 
(Vma~), apparent dissociation constant (K t) and apparent efficiency 
(Vraax/K t) of taurocholate uptake by BPM vesicles. The values were 
obtained by fitting the data from experiments shown in Fig. 4 (upper 
panel) to a Michaelis-Menten equation plus a linear (diffusional) 
term as described in Materials and Methods. Values are means 5: S.E. 

• P < 0.05 as compared with control by the paired t-test. 

experiments a different inhibitory constant at the fetal 
side was calculated. In this case, the decreasing order 
for K i was GC > TCDC > TDC (Fig. 7). 

To assess the importance of the steroid ring in the 
interaction of bile acids with the carrier, the ability of 
estrone sulfate to inhibit TC transport was investi- 
gated. Two facts justify this choice. Firstly, the human 
placenta takes up relatively large amounts of steryl 
sulfates of both fetal and maternal origin. In part due 
to the high steryl-sulfatase activity in this organ, these 
steroids are biotransformed to estriol which is then 
released into the maternal compartment [22]. Secondly, 
the uptake of estrone sulfate by rat hepatocytes is a 
carrier-mediated process and a mutual competition 
between TC and estrone sulfate for hepatic uptake has 
been reported [23]. This, however, does not appear to 
be the case as far as the trophoblast is concerned. The 
results shown in Table III indicate that no effect on TC 
uptake by BPM vesicles occurred in the presence of a 
broad range of estrone sulfate concentrations (2-1000 
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panel) to a Michaelis-Menten equation plus a linear (diffusional) 
term as described in Materials and Methods. Values are means ± S.E. 

• P < 0.05 as compared with control by the paired t-test. 

/zM), suggesting that a particular bile acid molecular 
structure is necessary for steroid-related compounds to 
interact with this carrier. 

Discussion 

The findings reported in this paper indicate that 
different bile acids reduce both TC binding and trans- 
port by BPM vesicles. Interactions more complex than 
pure competition occur and will be discussed below. 
From the results obtained in binding, uptake and efflux 
experiments it can be suggested that GC and TCDC 
may interact mainly (but not completely) with the car- 
rier at a site other than the one used by TC. The 
interaction clearly decreases the translocation-dissocia- 
tion rate, regardless of the direction of the transport 
process (uptake or efflux) and it slightly modifies the 
affinity of the carrier for TC. The study of GC-, TCDC- 
and TDC-induced inhibition of TC transport revealed 
that this inhibition is stronger at the fetal side of the 
membrane except for GC which was similarly effective 
at both sides. To interpret this finding, it should be 
remembered that most BPM vesicles are oriented in- 
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Fig. 7. Comparison of the inhibition constant (K i) for glycocholate 
(GC), taurochenodeoxycholate (TCDC) and taurodeoxycholate 
(TDC) obtained in experiments of taurocholate uptake (upper panel) 
or efflux (lower panel) by BPM vesicles. The values for K i were 
obtained by Lineweaver-Burk transformation of the experimental 
data shown in Fig. 4. Values are means+ S.E. * P < 0.05 as com- 
pared with that located on the left by the Bonferroni method of 

multiple-range testing. 

side-out (Table I); i.e., the fetal-facing side is located 
inside the vesicle while the outside surface of the 
vesicle corresponds to the intracellular face of the 
trophoblast plasma membrane. Maximal effect was ob- 
served for TDC in efflux experiments where TC trans- 
port efficiency was reduced to less than 40%. More- 
over, as has been described in Results the mechanism 

TABLE III 

Effect of  estrone sulfate on taurocholate uptake by BPMV 

Aliquots of BPM vesicles (20 /~l) were incubated for 30 s at 37"C 
with 80/.~l buffer A (250 mM sucrose, 0.2 mM CaCl2, 10 mM MgCI2, 
100 mM KNO3, 10 mM Hepes/Tris (pH 7.40)) containing 15 # M  
taurocholate and varying concentrations of estrone sulfate. Results 
are means±S.E. (n = 3). The results were compared by the paired 
t-test. No  significant difference was found. 

Estrone Taurocholate 
sulfate uptake (pmol /  
concentration mg protein 
(/zM) per 30 s) 

0 26.8±1.2 
2 ~ . 5 ± 1 . 7  
5 ~ . 8 ± 1 . 6  

10 ~ . 7 ± 0 . 4  
25 31.2±3.1 
50 ~ . 9 ± 0 . 7  

100 25.3±1.4 
250 ~ . 4 ± 0 . 7  
500 ~ . 5 ± 2 . 4  

1000 ~ . 7 ± 1 . 5  



34 

of TDC-induced inhibition was both different from 
that found for GC and TCDC and different inside and 
outside the vesicle. TDC interactions occurring on the 
intracellular side (uptake experiments) induce a marked 
increase in both the apparent g t and Vma x. This sug- 
gests a double interaction, i.e., both competing for the 
TC-binding site and increasing the translocation-dis- 
sociation rate for the putatively TDC-loaded carrier. 
The mechanism of inhibition on the fetal side of the 
membrane (efflux experiments) appears to be entirely 
different; i.e., an increase in the affinity of the carrier 
for TC (decrease in apparent K t) and a decrease in the 
translocation-dissociation rate were observed. 

These results indicate that the bile acid carrier 
located in the basal plasma membrane of the human 
term trophoblast is sensitive to interaction with differ- 
ent bile acid species. This occurs in a complex way 
depending on the particular molecular structure and 
the side of the membrane. Changes in the amino-acid 
moiety in amidated bile acids and in the number and 
position of the hydroxyl groups do modify the behavior 
of the transporter, which is probably able to carry out 
rectifying and cooperative processes among different 
bile acids. This may play an important role in the 
control of net placental transfer by favouring the fetal- 
maternal excretion of bile acids synthesized by the 
fetus, as well as by reducing the maternal-fetal transfer 
of some bile acids present at higher concentrations in 
maternal blood. If a selective barrier for certain bile 
acid types does exist, this may partially protect the 
fetus from the deleterious properties of some of these 
substances, such as secondary-bile-acid-induced terato- 
genicity [7]. 
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