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The initial rate of transport of the bile acid glycocholic acid (GCA) has been measured in influx and efflux across placental basal
membrane vesicles, and the mechanism of inbibition of iis transport by the analoguc taurochenodeoxycholic acid (TCDCA)
analysed kinctically. This analogue, although trans-stimulating GCA efflux, inhibits influx in a way which doces not depend upon
substrate concentration; morcover, its potency as an inhibitor is markedly influenced by whether it is placed on ane or on both
sides of the vesicles membrane. These findings can be accounted for by postulating that both GCA and TCDCA are translocated
through the carrier, but that the rate of loaded carrier reoricntation is higher than that of the free carrier only when loaded with

TCDCA and not with GCA.

Previous studies have shown that in the trophoblast
[1,2] there are carriers for bile acids providing a route
for the excretion of these compounds from the fetus.
We have used membranes isolated from the basal
surface of this epithelium as a model to investigate
some features that determine the interaction of this
carrier with differing substrates using the labelled tri-
hydroxy bile acid glycocholic acid (GCA) as a substrate
and the dihydroxy bile acid taurochenodeoxycholic acid
(TCDCA) as an inhibitor.

In other transport systems the kinetics of inhibition
have been shown to be influenced markedly by the side
on which the inhibitor is placed with respect to sub-
strate [3.4). We have therefore investigated the influ-
ence of localisation of both inhibitor and of substrate
on the pattern of inhibition.

Preparation of basal membrane vesicles. Basal plasma
membrane vesicles (BPMV) were prepared from fresh
human full-term placentae obtained by either caesar-
ian section or vaginal delivery according to a modified
preparation of Kelley et al. [5] as described [6]. Mem-
brane vesicles were finally suspended in 10 mM
Hepes-Tris (pH 7.4) buffer containing 250 mM sucrose,
100 mM KNO,, 10 mM MgCl, and 0.20 mM CaCl, to
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give a final protein concentration of 68 mg/ml. The
purity of this membrane preparation is similar to the
values found in the original report.

The vesicles were frozen at —70°C before use.
Transport activity was observed to be intact after the
membrane suspension had been stored for 8 wecks
under these conditions. To carry out each experiment,
frozen membranes were thawed and then vesiculated
by ten passages through a 25-gauge needle.

Transport measurements. Experiments were per-
formed to measure the influx of ['Clglycocholate
(GCA) in the presence or absence of taurochenodeoxy-
cholate (TCDCA), which has been shown to be an
inhibitor of GCA transport. Transport was measured
by rapid filtration.

For influx, 20 pl of BPMV (120-160 ug protein)
were incubated in 80 ul of a medium containing 10
mM Hepes-Tris (pH 7.4), 250 mM sucrose, 100 mM
KNO,, 10 mM MgCi, and 0.20 mM CaCl, with the
addition of ["*C]JGCA plus unlabelled GCA. For cfflux
BPMV were preincubated for 2 h at room temperaturc
in the presence of ["*CIGCA plus unlabelled GCA; at
the start of the efflux experiment 20 ul of this vesicle
suspension was added to 80 ul of the medium de-
scribed above.

All experiments were performed at 37°C, and the
time of incubation as well as the concentrations of
GCA or TCDCA used are indicated in the figure
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legends. The concentrations of bile acids used did not
alter the pH of the media, and did not have a disrupt-
ing effect on the vesicles.

The assays were terminated by diluting the sample
with a 40-fold excess of an ice-cold (4°C) buffer com-
posed of 10 mM Hepes-Tris (pH 7.40), 250 mM KCl
and 25 mM MgSO,. The diluted sample was immedi-
ately filtered through a Millipore cellulose filter (0.65
xm) and washed once with the same solution. Three
additional washes were performed to reduce the non-
specific binding of the isotope to the filter as described
previously [2). The filters were dissolved in aqueous
scintillant (ACSII, Amersham) and counted in a liquid
scintillation counter,

Protein estimation. Protein concentration of the vesi-
cle preparation was determined by the method of Lowry
using bovine serum albumin as standard.

Chemicals. ["*C]Glycocholate was obtained from
New England Nuclear. Unlabelled GCA and TCDCA
(Na salts) were obtained from Sigma. All other chemi-
cals were of the highest purity commercially available.

Results. Fig. 1a, b shows the results of an experiment
in which the inhibitory effect of TCDCA on the initiai
ratc of labelled GCA influx was examined firstly under
zero-trans cmtry, with inhibitor outside the vesicles, at
differing substrate concentrations; and secondly under

Zero Trans Entry-inhibitor Qutside

identical conditions but with TCDCA present at the
same concentration both inside and outside. Very strik-
ingly the pattern of inhibition differs in the two experi-
ments. Two important conclusions emerge; firstly in
both experiments the inhibition is not dependent on
substrate concentration; secondly the localisation of
the inhibitor strongly influences the concentiation of
TCDCA giving half-maximal inhibition. The potency of
TCDCA as an inhibitor of GCA influx (given by the
slope of the plot) is approximately four times lower
when TCDCA is present on both sides (K, = 2.4 mM)
than when it is confined to the outside (K, = 0.6 mM).

Fig. 2 shows the results of an experiment in which
the efflux of GCA (50 uM) from preloaded vesicles has
been studied either in the presence or in the absence
of TCDCA (300 uM) confined to the external com-
partment. There is marked trans-stimulation of GCA
cfflux by the TCDCA, the rate constant being in-
creased more than 4-fold from a valuc of 0.58 to 2.54
min~",

To determine the effect of substrate binding on the
rate of carricr movement we have also jooked at the
cfflux of GCA under zcro-trans and equilibrium ex-
change conditions at two substrate concentrations (25
and 200 uM). The results are shown in Table 1 and
indicate that the movement of the free carrier across
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Fig. 1. Effuct of the sidedness on the inhibition of GCA influx by different concentrations of TCDCA. The inhibitory effect of varying
concentrations of TCDCA (0-800 g M) was measured on the influx of each of the following concentrations of GCA: 50 (0), 100 (®), 250 ( &) and
500 uM (2 ). The assay was performed under two conditions: (a) with TCDCA outside the vesicles (zero-trans entry with the inhibitor outside).
B‘PM\’ were incubated for 10 s in an incubation medium containing both GCA and TCDCA: (b) with TCDCA at the same concentration on both
sides of thﬁ: membrane (zero-trans entry with the inhibitor on both sides). BPMV were preloaded for 2 h at room temperature with the indicated
con?emmuuns of TCDCA, and then incubated for 10 s in the presence of both GCA and TCDCA. These graphs represent the relative velocity
(ratio between the velocity in the absence and in the presence of the inhibitor) plotted against the different concentrations of inhibitor under
initial rate conditions.



5
B
14 g
B
B -
12
; .
<
10 3
¢ I S T
aa a0 120
08 Time(Secands)
ae 08 |
=
@
& 04
02 -
oo G [] ] i i}
' 60 80 120\ 150
N
02 Time (Seconds)

Fig. 2. Trans-stimulation of GCA efflux by TCDCA. GCA (50 uM)
remaining in the vesicles was measured in the absence (a) (mean
S.E.. n=9 or in the presence (O) of 300 uM TCDCA outside the
vesicles at different times of incubation. After preincubation total
radioactivity loaded was ascertained at time zero by adding 20 pl of
BPMV suspension to 80 ul of incubation medium previously diluted
with 4 ml of ice-cold stop solution. The equation of the line is In
(S,/5,—1)=In B -kt The Y-axis represents In(S, /8, =18, is
the quantity of isotope remaining in the vesicles at time £, and S, is
the quantity of isotope remaining after infinite time (dotted line
indicated on inset). The rate constant & is obtained from the slope of
the plot.

the membrane is not different from that of the sub-
strate-loaded carrier at cither concentration,
Conclusions. Since GCA efflux is not changed by the
presence of unlabelled substrate on the trans-side of
the membrane we can conclude that the velocity of
reorientation of the free carrier and of the carrier

TABLE | .
Efflux of GCA across placental basal plasma membrane vesicles

Values (means + S.E.. n=23) of GCA efflux in two conditions; (a)
zero-trans exit (with GCA only inside the vesicles) and (b) equilib-
rium exchange (with GCA at the same concemration on both sides of
the membrane). GCA was used at two concentrations, 25 and 200
M.

GCA cfflux (pmol /mg protein per 30 s)

Zero-trans equilibrium

exit exchange
GCA 25 uM 593+ 08 61.5+ 1o
GCA 200 uM 4309+ 189 467.04 26.4
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bound to GCA are the same. However, TCDCA placed
in the trans-compartment clearly does trans-stimulate.
This means that TCDCA is translocated through the
carrier; furthermore, the rate of translocation of the
carrier loaded with TCDCA across the membrane must
be greater than that both of the free carrier and of the
carrier loaded with GCA. But how do we explain the
findings shown in Fig. 1 in which we sec that the
inhibition is much less strong when TCDCA is prescnt
on both sides (rather than only outside) of the mem-
brane? This is the predicted result if TCDCA is itself
translocated and if the carrier loaded with TCDCA
reorientates more rapidly than does the free carrier.
With TCDCA present only on the outside the carrier
will be found predominantely in an inward-facing con-
formation and GCA influx will be strongly inhibited;
when TCDCA is also present inside there will also be
accelerated return of the carrier loaded with this bile
salt to the outside and thus less carrier depletion at the
external face.

The other important observation shown in Fig. | is
that the extent of inhibition produced by external
TCDCA is not dependent on the concentration of
GCA. This finding is also readily explained if TCDCA
but not GCA binding to the carrier depletes the avail-
able pool of outward facing carrier molecules.

All of the experimental observations we have made
can be explained by a carrier model postulating accel-
erated reorientation of the TCDCA-loaded but not of
the GCA-loaded carrier. The pattern of inhibition ob-
served will then follow due to the fact that substrates
in the external compartment cannot complete for car-
rier sequesterced to the internal face of the membrane.
That such a small change in substrate structure (be-
tween a dihydroxy and a trihydroxy bile acid) can
produce a detectable change in the membrane protein
transport cycle may have more general implications tor
substrate interactions with other carriers.
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