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The taurine transporter from purified human placental brush-border membranes was solubilized and reconstituted into 
proteoliposomes in a functional form. Solubilization was done with 2.5% cholate in the presence of 4 M urea. The proteins in the 
solubilizate were precipitated with 6% poly(ethylene glycol) and the precipitated proteins were reconstituted into proteo- 
liposomes with an asolectin/protein ratio of 10: 1. Under these experimental conditions, the taurine transport activity in the 
proteoliposomes was maximal. SDS-PAGE analysis of proteins, however, revealed that the proteoliposomes still contained a 
majority of the proteins originally present in the brush-border membranes. Uptake of taurine in the reconstituted proteo- 
liposomes was obligatorily dependent on the presence of Na + as well as CI . Substitution of Na ~ with other monovalent cations 
such as K + and Li + reduced the taurine transport activity drastically. Similarly, substitution of C1- with other monovalent 
anions such as SCN , F- ,  I and NO 3 could support the transport activity only to a maximum of 30% of the control activity. In 
the presence of CI-, the uptake rate was sigmoidally related to Na + concentration, resulting in a Na+/taurine coupling ratio of 
2: 1. The apparent dissociation constant for Na + was about 195 raM. In the presence of Na +, the uptake rate was hyperbolically 
related to C1- concentration, indicating a C1-/taurine coupling ratio of 1 : 1. The apparent dissociation constant for C1 was 
about 205 mM. The NaCl-dependent taurine uptake was stimulated by an inside-negative membrane potential, showing that the 
uptake process was electrogenic. The uptake system was specific for/3-amino acids. The affinity of the system for taurine was 
high with an apparent dissociation constant of 2.7 + 0.1 izM. It is concluded that the taurine transporter can be dislodged from 
the placental brush-border membranes and reconstituted in a catalytically active form in proteoliposomes with no significant 
change in its characteristics. 

Introduction 

Taur ine  ( /3-aminoethanesulfonic acid) uptake in an- 
imal cells occurs via a specific t ransport  system which is 
obligatorily dependen t  not only on the presence of  
Na + but also on the presence of  C1 for its t ransport  
function [1,2]. For  many years we have been interested 
in the mechanisms of  taurine transfer  across the hu- 
man placenta because of  the essential role of  this 
amino acid in the growth and development  of  the 
placenta and the fetus [3-5]. We have studied placen- 
tal taurine t ransport  with isolated brush-border  mem-  
brane vesicles f rom human  term placentas [6,7] as well 
as with cul tured human  placental chor iocareinoma cells 
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[8,9]. These studies have demons t ra ted  that the human 
placenta possesses a very active mechanism for the 
t ransport  of  taurine f rom mother  to fetus. The charac- 
teristics of  the placental  taurine t ranspor ter  are similar 
to those described for the taurine t ransporter  in o ther  
tissues. 

The progress made  thus far in the unders tanding of  
the nature of  the taurine t ranspor ter  in the placenta 
deals only with the general  characteristics such as 
substrate specificity, ionic dependence ,  energetics and 
regulation. Virtually nothing is known about  the trans- 
por ter  at the molecular  level. The  goal of  identifica- 
tion, purification and character izat ion of  the protein(s) 
responsible for the t ransport  function still remains 
elusive. A n  important  contributing factor  to this prob- 
lem is the lack of  specific assay methods  for monitor ing 
the t ransport  protein during various purification steps. 
This problem is solved if the t ransport  protein can be 
dislodged from the membrane  by detergent  solubiliza- 
tion and subsequently reconst i tuted in functional form 



in proteoliposomes. The transport function of the pro- 
tein can be measured in these proteoliposomes and 
this procedure can be used to monitor the protein 
during purification. Success of this approach, however, 
relies upon the availability of a simple, effective and 
reproducible reconstitution procedure. We report in 
this paper on the solubilization and functional reconsti- 
tution of the human placental taurine transporter. We 
have also characterized the taurine transporter in this 
reconstituted system and our results show that the 
properties of the reconstituted transporter are very 
similar to those of the native transporter. 

Materials and Methods 

Materials 
Cholate (sodium salt), PEG (average molecular 

weight, 8000), PMSF, valinomycin and unlabelled 
amino acids were purchased from Sigma (St. Louis, 
MO, USA). Ultrapure urea was purchased from Pierce 
(Rockford, IL, USA). Asolectin was from Associated 
Concentrates (Woodside, NY, USA). 

[2(n)-3H]Taurine (specific radioactivity, 25.6 Ci /  
mmol) was obtained from DuPont-New England Nu- 
clear (Boston, MA, USA). 

Methods 
Preparation of placental brush-border membranes. 

The procedure for the preparation of placental brush- 
border membranes was the same as previously de- 
scribed from this laboratory [10,11]. Membranes were 
suspended in 5 mM Tris-HC1 buffer (pH 7.4), contain- 
ing 150 mM NaC1. Protein concentration of the mem- 
brane suspension was adjusted to 10 mg/ml and stored 
in 1 ml aliquots in liquid N 2. 

Solubilization and reconstitution. The procedure for 
solubilization of the placental brush-border mem- 
branes and for reconstitution of the solubilized pro- 
teins into proteoliposomes was essentially similar to 
those described by McCormick et al. [12] and by Tama- 
rappoo and Kilberg [13]. The procedure involves solu- 
bilization of the membranes with cholate in the pres- 
ence of urea, precipitation of the solubilized proteins 
with PEG and reconstitution using asolectin in the 
presence of K +. We have recently used this procedure 
successfully for solubilization and functional reconsti- 
tution of the placental serotonin transporter [14]. 

2 ml of the brush-border membrane suspension (20 
mg of protein) were thawed at 37°C and mixed with 8 
ml of solubilization buffer (10 mM Hepes-Tris (pH 
7.5), 100 mM NaC1, 0.1 mM EDTA, 0.3 mM DTT and 
1 tzM PMSF) containing 5 M urea and 3.125% cholate. 
The mixture was stirred constantly at 4°C for 30 min. 
The suspension was then diluted with an equal volume 
of the solubilization buffer and centrifuged at 220 000 
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× g for 1 h. The solubilized proteins were recovered in 
the clear supernatant. In some experiments, the insolu- 
ble material recovered in the pellet was also saved and 
suspended in the solubilization buffer containing 2 M 
urea and 1.25% cholate. 

Proteins in the solubilizate and in the pellet suspen- 
sion were precipitated with 6% PEG. The mixture was 
kept on ice for 15 min and then centrifuged at 140 000 
X g for 30 min. The resulting pellet was rinsed four 
times with the reconstitution buffer (10 mM Hepes-Tris 
(pH7.5), 200 mM potassium gluconate and 1 mM mag- 
nesium gluconate) and then suspended in a small vol- 
ume of the same buffer by passing through a 25 gauge 
needle. Protein concentration of the suspension was 
adjusted to 1 mg/ml and then immediately used for 
reconstitution. 

The reconstitution step involved freezing and thaw- 
ing of the protein-phospholipid mixture followed by 
sonication. Asolectin suspension was prepared in the 
reconstitution buffer at a concentration of 40 mg/ml 
by first vortexing the suspension for 6 min and then by 
sonicating the material for 15 min in a bath type 
sonicator. These steps were carried out under N 2. The 
final sample was translucent. The PEG-precipitated 
proteins were mixed with a desired volume of the 
asolectin suspension to give an asolectin/protein ratio 
of 10:1. The mixture was subjected to freezing and 
thawing two times in an ethanol/dry ice bath and then 
sonicated for 3 min. The suspension was diluted with 
20 volumes of the reconstitution buffer and the proteo- 
liposomes were harvested by centrifugation of the sus- 
pension at 85 000 x g for 30 rain. The pellet containing 
the proteoliposomes was suspended in a small volume 
of the reconstitution buffer by passing through a 25 
gauge needle. The suspension was once again soni- 
cated for 3 min and then immediately used for uptake 
measurements. 

The insoluble material obtained after cholate-urea 
solubilization represents detergent-disrupted mem- 
brane fragments. The same procedure described above 
for reconstitution of the solubilized proteins was em- 
ployed in the case of the insoluble material to restore 
transport-competent vesicles by the addition of exoge- 
nous phospholipids. 

Uptake measurements. This was done using a rapid 
filtration technique as described previously [15]. 
Proteoliposomes (40 /xl) were rapidly mixed with up- 
take medium (160 txl) containing radiolabelled taurine. 
After incubation for a desired time, the mixture was 
filtered through a Millipore filter (DAWP type, 0.65 
Izm pore size). The filter was then washed and the 
radioactivity associated with the filter was counted. 
The uptake medium in most experiments was 10 mM 
Hepes-Tris (pH 7.5), containing 200 mM NaC1. The 
composition of the stop buffer was 5 mM Hepes-Tris 
(pH 7.5), containing 210 mM KC1. 
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TABLE I 

Distribution of taurine transport activity in the solubilizate and in the 
pellet after treatment of the placental brush-border membranes with 
cholate in the presence of urea 

Brush-border membranes (20 mg protein) were solubilized for 30 
min in the presence of 2.5% cholate and 4 M urea and the super- 
natant (solubilizate) and the pellet were separated by centrifugation 
for 1 h at 220000 ×g. Precipitation of the proteins by PEG and 
reconstitution of the proteins into proteoliposomes were done as 
described in Materials and Methods. Uptake of taurine (0.3 /zM) 
into proteoliposomes was measured with a 1-min incubation. Total 
protein recovered in the final proteoliposome preparations from the 
solubilizate and the pellet was 1.70 and 1.24 mg, respectively. 

Uptake conditions Solubilizate Pellet 

Specific activity (pmol/mg of protein per min) 
NaC1 5.10 ± 0.01 1.82 +_ 0.15 
KC1 0.24 _+ 0.00 0.26 _+ 0.01 
Na +-dependent 4.85 _+ 0.01 1.56 + 0.09 

Total activity (pmol/min) 
Na +-dependent 8.10 _+ 0.01 1.94 _+ 0.11 

Percent distribution 81 19 

Data analysis. Uptake measurements were done in 
duplicate or triplicate and the variation among the 
replicate values was always less than + 5% of the mean 
value. The experiments were repeated two or three 
times and the results from these experiments are given 
as means + S.E. When not given, the error is small and 
lies within the symbol. Kinetic and statistical analyses 
were done using a commercially available computer 
statistics package Stagraphics (STSC, Rockville, MD, 
USA). 

Results 

Placental brush-border membranes were solubilized 
with cholate in the presence of urea and the taurine 
transport activity in the solubilizate and in the pellet 
was determined after reconstitution into proteo- 
liposomes (Table I). It was found that about 80% of 
the taurine transport activity was associated with the 
proteins in the solubilizate and only 20% with the 
proteins in the insoluble material. The specific activity 
of the Na+-dependent taurine transport in the proteo- 
liposomes prepared with the solubilized proteins was 
approximately three times higher than the specific ac- 
tivity in the proteoliposomes prepared with the insolu- 
ble proteins (4.85 _+ 0.01 versus 1.56 + 0.09 pmol/mg 
of protein per min at a taurine concentration of 0.3 
p~M). 

The characteristics of the solubilized taurine trans- 
porter were then studied in reconstituted proteo- 
liposomes. Fig. 1 describes the time course of taurine 
uptake in these proteoliposomes in the presence of 
either NaC1 or KC1 in the uptake medium. In the 
absence of NaCI, uptake of taurine was negligible at all 

time periods studied. The presence of NaC1 in the 
uptake medium increased the uptake 50- to 100-fold. 
With a 1-min incubation and at a taurine concentration 
of 0.2 IzM, uptake in the presence of NaCI was 5.3 + 0.2 
pmol/mg of protein whereas the corresponding value 
in the absence'of NaCI was only 0.10 ___ 0.02 pmol/mg 
of protein. Uptake from the NaC1 medium initially 
increased with time, but at longer periods of incuba- 
tion (> 60 min) taurine concentration inside the 
proteoliposomes decreased considerably because the 
rate of effiux became increasingly greater with time 
than the rate of influx due to the gradual dissipation of 
the NaC1 gradient. However, equilibrium was not 
reached even when the incubation was continued for 5 
h. 

In order to determine the cation and anion speci- 
ficity of the reconstituted taurine transporter, we mea- 
sured taurine uptake from different uptake media with 
varying cationic and anionic composition (Table II). It 
was found that the uptake of taurine from the media 
containing either KC1 or LiC1 was negligible, represent- 
ing only 3 to 5% of the uptake measured from the 
NaCl-containing medium. Comparison of the uptake 
rates measured in the presence of sodium salts of CI-, 
F-,  I- ,  NO 3 or SCN- revealed that the uptake was 
highest in the presence of C1- and lowest in the 
presence of F-.  The anions I-,  NO~- and SCN- could 
substitute for Cl- to a small but significant extent. 
These data show that the reconstituted placental tau- 
rine transporter exhibits an absolute requirement for 
Na + and CI- for its catalytic activity. 

We then studied the kinetics of the Na +- and C1-- 
dependence of taurine uptake. In these experiments, 
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Fig. 1. Time course of taurine uptake (0.2 IxM) in reconstituted 
proteoliposomes measured in the presence of either NaCI (e) or KCI 

(©) in the uptake medium. 



TABLE II 

Influence of anions and cations on the activity of the reconstituted 
placental taurine transporter 

Uptake of taurine (0.3 p.M) into proteoliposomes was measured with 
a 1-min incubation. Uptake buffer was 10 mM Hepes-Tris (pH 7.5) 
containing 187.5 mM of the indicated inorganic salts. 

Salt Taurine uptake 

pmol/mg of protein per min % 

NaCI 4.31 +_0.10 100 
LiCI 0.13 + 0.02 3 
KCI 0.20 _+ 0.03 5 
NaF 0.19+0.01 5 
NaI 0.75 + 0.01 18 
NaNO 3 0.64 + 0.01 15 
NaSCN 1.35 + 0.01 31 

proteoliposomes were reconstituted in 10 mM Hepes- 
Tris buffer (pH 7.5), containing 400 mM potassium 
gluconate and 1 mM magnesium gluconate. First, we 
measured the initial rates of taurine uptake at varying 
concentrations (0-300 mM) of the external Na ÷ while 
keeping the external C1- concentration constant (300 
mM) (Fig. 2). The dependence of the uptake rate on 
the concentration of Na ÷ was sigmoidal indicating that 
the coupling ratio of Na+/ taur ine  is greater than one. 
The number of Na ÷ ions involved per transport of one 
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Fig. 2. Dependence of the activity of the taurine transporter in 
proteoliposomes on the concentration of Na +. Proteoliposomes were 
prepared with a reconstitution buffer containing 400 mM K glu- 
conate instead of 200 mM. Uptake of taurine (0.2 /zM) was mea- 
sured with a 1-min incubation in the presence of varying concentra- 
tions of Na + (0-300 mM) and fixed concentration of CI- (300 mM). 
Uptake buffers were prepared by appropriately mixing two solutions 
containing either 400 mM NaCI or 400 mM KCI. Both solutions were 

buffered with 10 mM Hepes-Tris (pH 7.5). 
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Fig. 3. Dependence of the activity of the taurine transporter in 
proteoliposomes on the concentration of CI-. Proteoliposomes were 
prepared with a reconstitution buffer containing 400 mM potassium 
gluconate instead of 200 mM. Uptake of taurine (0.2 /zM) was 
measured with a 1-min incubation in the presence of varying concen- 
trations of C1- (0-300 mM) and a fixed concentration of Na + (300 
mM). Uptake buffers were prepared by appropriately mixing two 
solutions containing either 400 mM NaCI or 400 mM sodium glu- 
conate. Both solutions were buffered with 10 mM Hepes-Tris 

(pH 7.5). 

taurine molecule could be calculated from this experi- 
ment by a procedure described by Turner  [16]. In this 
method, the experimental data are fitted to a Hill-type 
equation 

Vmax[Na + ]n 
U 

Kt~Na +) + [Na + ]" 

where v is the taurine uptake rate, Kt(Na+ ) is the 
Michaelis-Menten constant (apparent dissociation con- 
stant) for Na ÷ for interaction with the transporter and 
n is the Na+/ taur ine  coupling ratio (i.e., the number 
of Na ÷ ions involved per transport of one taurine 
molecule). The plots of v versus v / [Na+]"  were con- 
structed, assigning different numerical values for n. 
The plot was clearly curvilinear when n = 1 whereas it 
was close to a straight line ( r 2 >  0.99) when n = 2. 
Thus, two Na ÷ ions are involved per transport of one 
taurine molecule in these reconstituted proteo- 
liposomes. With the value of n = 2, the apparent disso- 
ciation constant for Na ÷ was calculated to be approx. 
195 mM. 

We also studied the CI-  kinetics of the reconsti- 
tuted taurine transporter (Fig. 3). The dependence of 
taurine uptake on [C1-] was hyperbolic, suggesting a 
C l - / t au r ine  ratio of 1:1. This was supported by the 
observation that the plot of v versus v/[C1-]  was 
linear ( r 2 >  0.99). The approximate value for Kt(c l -  ) 

was 205 mM. 
Taurine exists as a zwitterion at pH 7.5. If the 

stoichiometry of N a+ /C1 - / t au r i n e  for the reconsti- 
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tuted taurine transporter is 2 : 1 : 1 as suggested by the 
above experiments, the uptake process would be elec- 
trogenic, resulting in the transfer of net positive charge 
across the membrane. Therefore,  we determined the 
electrogenicity of the taurine uptake process in the 
proteoliposomes by studying the influence of an 
inside-negative, K+-diffusion potential on the initial 
rate of taurine uptake. The NaCl-dependent taurine 
uptake was measured with an outwardly directed K + 
gradient ([K+]~ = 200 raM; [K+]o = 40 mM) in the pres- 
ence or absence of valinomycin, a K + ionophore. The 
ionophore is expected to generate an inside-negative 
K+-diffusion potential under these experimental condi- 
tions. When the uptake rates (taurine concentration, 
0.3 ~zM) measured in the presence and absence of 
valinomycin were compared, it was found that the 
uptake in the presence of the ionophore was signifi- 
cantly greater than the uptake in its absence (control, 
2.23 ___ 0.03 pmol /mg  of protein per 15 s; membrane 
potential, 3.23 + 0.03 pmol /mg  of protein per 15 s; 
P < 0.001). These data provide evidence for the elec- 
trogenic nature of the reconstituted taurine trans- 
porter. 

Human placental brush-border membranes possess 
a number of amino acid transport systems with charac- 
teristic substrate specificities [17,18]. In order to show 
that the taurine transport activity measured in the 
reconstituted proteoliposomes actually represents the 
activity of the /3-amino acid transport system which 
accepts only the /3-amino acids such as taurine as 
substrates, we studied the effects of the representative 
substrates for the various amino acid transport systems 
of the placental brush-border membrane on the uptake 
of radiolabelled taurine in the proteoliposomes. The 
results given in Table III show that the uptake of 
radiolabelled taurine was markedly inhibited by tau- 
rine, hypotaurine and /3-alanine. All of these are /3- 
amino acids. On the contrary, the substrates of the 

TABLE llI 

Influence of unlabelled amino acids on the uptake of radiolabelled 
taurine in reconstituted proteoliposomes 

Uptake of radiolabelled taurine (0.2 /zM) into proteoliposomes was 
measured with a 1-min incubation. Final concentration of unlabelled 
amino acids during uptake was 250/zM. 

Unlabelled Taurine uptake 
amino acid p m o l / m g  of protein per min % 

None 5.51 _+ 0.03 100 
Taurine 0.04 ± 0.00 1 
Hypotaurine 0.08 + 0.05 2 
/3-Alanine 0.17+0.01 3 
Alanine 4.78 ± 0.05 87 
Leucine 5.44 + 0.01 99 
Proline 5.06 ± 0.08 92 
Aspartic acid 5.09 ± 0.14 92 
Lysine 5.20 ± 0.06 94 
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Fig. 4. Dependence of the uptake rate on the concentration of 
taurine in proteoliposomes. Uptake of taurine was measured with a 
]-min incubation over the taurine concentration range of 0.5-15/~M. 
At  each concentration, the amount of radiolabelled taurine was kept 
constant (0.3 /~M) and the amount of un]abelled taurine was varied 
to give the desired taurine concentration. Uptake of radiolabel 
measured in the presence of 1 mM unlabelled taurine was used to 
calculate the non-carrier-mediated component  of the uptake. This 
value was subtracted from the total uptake at each taurine concen- 
tration to determine the carrier-mediated component.  Only the latter 
component  was used in the kinetic analyses. Inset: uptake 
ra t e / t au r ine  concentration versus uptake rate (Eadie-Hofstee plot). 

other amino acid transport systems, e.g., alanine (sys- 
tem ASC), proline (system A), aspartic acid (system 
XA•), lysine (system y+) and leucine (system L), had 
no significant effect. Thus, the amino acid transport 
system responsible for the uptake of taurine in the 
reconstituted proteoliposomes accepts only /3-amino 
acids as substrates. 

The dependence of the uptake rate on substrate 
concentration was investigated for taurine uptake in 
proteoliposomes. In this experiment, uptake was mea- 
sured with a 1-min incubation over a taurine concen- 
tration range of 0.5-15 /xM in the presence of an 
inwardly directed NaCI gradient. When the uptake rate 
was plotted against taurine concentration, the plot was 
hyperbolic (Fig. 4), suggesting that a single transport 
system participates in the uptake of taurine in these 
reconstituted proteoliposomes. The data were then an- 
alyzed by the Eadie-Hofstee plot (uptake ra te / taur ine  
concentration versus uptake rate). The plot was linear 
(r  2 = 0.99) (Fig. 4, inset). The kinetic parameters (K t, 
apparent dissociation constant and Vma x, maximal ve- 
locity) for the transport system were calculated from 
the plot. The K t was 2.7 +_ 0.1 /zM and the Vm~ X was 
63.2 _+ 1.4 pmol /mg  of protein per min. 

Discussion 

Human placental brush-border membranes possess 
several amino acid transport systems, including the 



taurine transporter, which participate in the transfer of 
amino acids from mother to fetus. To our knowledge, 
there has been no report  on the reconstitution of any 
of the placental amino acid transport systems. Ours is 
the first demonstration of successful solubilization and 
reconstitution of an amino acid transport system in a 
catalytically active form from the human placenta. 
However, functional reconstitution of the taurine 
transporter from non-placental tissues such as heart 
has been reported by other investigators [19]. 

The salient features of the solubilization and recon- 
stitution procedure described in the present paper 
include (a) solubilization of the membrane proteins by 
cholate in the presence of urea, (b) removal of 
cho la te /u rea  and simultaneous precipitation of pro- 
teins from the solubilizate by PEG, (c) reconstitution 
of the PEG-precipitated proteins into proteoliposomes 
by a freeze-thaw procedure in the presence of K +, and 
(d) addition of a sonication step to the reconstitution 
procedure. The inclusion of urea during solubilization 
was introduced by McCormick et al. [12]. Preliminary 
experiments in our laboratory showed that solubiliza- 
tion of the human placental brush-border membranes 
by 2.5% cholate in the absence of urea led to a 
significant inactivation of the taurine transport activity. 
Use of PEG to remove cho la te /u rea  was adopted from 
the procedure described by Fafournoux et al. [20]. 
Inclusion of this step improved the efficiency of the 
procedure in many ways. PEG precipitation provided a 
fast and efficient method to remove the detergent and 
urea, rendering the time-consuming dialysis or column 
chromatography steps described for this purpose in 
various reconstitution procedures unnecessary. In addi- 
tion, Lin et al. [21] have shown that the presence of 
PEG during reconstitution reduces the nonspecific per- 
meability of the reconstituted proteoliposomes. This 
allows the maintenance of the experimentally imposed 
transmembrane ion gradients in the proteoliposomes 
for a longer period of time than is expected in the 
absence of PEG. As a consequence, the activity of ion 
gradient-dependent transport systems is expected to be 
higher in the proteoliposomes prepared in the pres- 
ence of PEG than in its absence. In our procedure, 
PEG was not added during the reconstitution step. 
However, trace amounts of PEG are expected to be 
present in the PEG-precipitated proteins which might 
significantly enhance the NaC1 gradient-dependent 
taurine transport activity in the final preparations of 
proteoliposomes. The advantage of the presence of K + 
during reconstitution was realized from the work of 
McCormick et al. [22]. These investigators have shown 
that reconstitution in the presence of K + allows the 
formation of functionally active proteoliposomes 
whereas reconstitution in the presence of Na +, Li +, or 
choline does not. 

Whether  sonication of the proteoliposomes has any 
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significant beneficial effect on the incorporation of 
proteins into liposomes and consequently on the trans- 
port activity of the final preparation is equivocal. Many 
investigators have successfully used sonication to im- 
prove the transport function of the proteoliposomes 
[13,20,23] whereas some others have not [12]. We com- 
pared in the present study the taurine transport activity 
in proteoliposomes prepared with or without the soni- 
cation step in the reconstitution procedure (data not 
shown). We found that the proteoliposomes without 
sonication showed very little taurine transport activity. 
Moreover, the activity varied significantly from prepa- 
ration to preparation. On the other hand, if the sonica- 
tion step was included, the proteoliposomes showed 
consistently much higher taurine transport activity and, 
in addition, there was little variability in the activity 
among preparations. 

The present paper also describes the general char- 
acteristics of the reconstituted human placental taurine 
transporter. This enables us to compare these charac- 
teristics with those of the native transporter. The char- 
acteristics studied are the dependence on cations and 
anions, substrate specificity, electrogenicity, kinetics 
and the Na +- and C1--stoichiometry. The reconstituted 
transporter is obligatorily dependent  upon Na + and 
Cl-.  The system interacts specifically with /3-amino 
acids. The uptake process is electrogenic, with a 
Na+/CI  / t aur ine  stoichiometry of 2 : 1 : 1. The taurine 
transporter in native placental brush-border membrane 
vesicles also exhibits similar characteristics [6,7]. The 
Michaelis-Menten constant for the native transporter 
has been reported to be in the range of 4.0-6.5 /zM 
[6,7,24] which is close to the value (2.7/zM) obtained in 
the present study for the reconstituted transporter. In 
contrast to our studies with the native transporter [6,7] 
and the reconstituted transporter [present study] which 
demonstrate the C1--dependence of the system, Karl 
and Fisher [24] have reported that C1- failed to stimu- 
late the native taurine transporter in the presence of 
Na +. However, these investigators determined the 
Cl--dependence of the system in the presence of SCN-,  
an anion which could substitute for C1 to a significant 
extent [6,7]. In fact, the study by Karl and Fisher itself 
[24] has shown that SCN-  was as good as Cl-  in 
supporting taurine uptake in the presence of Na +. 
Therefore,  the failure by these investigators to observe 
the C1- dependence of the native transporter was most 
likely due to the presence of SCN-.  

The SDS-PAGE analysis of proteins revealed that 
the proteoliposomes contained most of the proteins 
which were originally present in the native brush-border 
membranes (data not shown). There was no significant 
enrichment of the taurine transporter activity in the 
proteoliposomes compared to the native placental 
brush-border membrane vesicles. The specific activity 
of the taurine transporter in proteoliposomes was in 
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the range of 2.9-5.5 pmol/mg of protein per min at 0.2 
/zM taurine. Under comparable conditions, the specific 
activity in native placental brush-border membrane 
vesicles was in the range of 1.8-4.8 pmol/mg of pro- 
tein per min [6,7]. 
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