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Tyrosine residues are essential for the activity of the human
placental taurine transporter
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'l‘renunem of human placentsl brush-border membrane vesicles with four tyrosine group—speuhc reagents, N-acetyli-
) 7-chloro-4 i

2 1,3-diazole (NBD-C}),

and p fluoride,

inhibited NaCl gradient-driven taurine uptake in these vesicles without affecting the vesxcle integrity. The relative

potency of these reagents to mhllm the transponer was in the following order: > NBD-C1 > p-

ifonyl fluoride > /N The i ion by V- imi was with hydroxyl
amine and the inhibition by NBD-Cl was with 2: ptoethanol. Kineti nalysls of taurine uptake in
control and in N- i le-treated b vesicles led that the was primarily due to 2
reduction in the maximal velocity. There was no change in the affinity of lhe trsnsporter for taurine in contvol and
treated vesicles. The P could be p d from the N i inhibition by Na*. The
dependence of taurine uptake rate on i Na* was sij 1 and analysis of the data revealed

that two Na* ions were involved per transport of one taurine molecule. It is concluded that tyrosine residues are
essential for optimal transport function of the human placental taurine transporter and that these critical tyrosine
residues are located at or near the Na*-binding site of the transporter.

Introduction

Transport of taurine across the plasma of

Even though the B-amino acid transporter has been
chatactenzed in detail in vanous ussucs wnh respect to

a variety of cells occurs via the B-amino acid carrier
which accepts, in addition to taurine, other B-amino
acids such as B-alanine and hypotaurine as preferred
substrates (for reviews, see Refs. 1-3). The carrier is
coupled to both Na* and Cl1~ [4-9]. This dependence
on C1~ renders the $-amino acid carrier unique among
the well-ch ized Na*-coupled amino acid carriers.
We have recently identified the p of the B

acid transport system in brush-border membranes iso-
lated from normal term human placentas [8]. This trans-
porter exhibits characteristics which are very similar to
those described for the system in other tissues.

a2

d d y and
kmencs, no attempt has been madc in any of these
tissues to gain insight into the transport system at the
protein level. In this i we have pted to
elucidate the chemical nature of the human placental
taurine transporter. The results presented here show
that tyrosine residues play an important role in the
catalytic activity of the transporter and that these criti-
cal tyrosine residues are located at or near the Na*-
binding site of the transporter.

Methods and Materials

Isolation of human placental brush-border membrane
vesicles
Brush-border membrane vesicles from normal term

acid; NBD-Cl, 7-ch|om<¢mlmbenzo-2~oxa-13d|azole. PNBSF. p-
nitrobenzenesulfonyl fluoride,

ds D of Cell and Molecular
Blology, Medical Collcse of Georgia, Augusta, GA 30912-2100, US.A.

human pl; were prepared by a Mg?*-aggregati
method described previously |i0,11]. These membranes
were highly enriched (20-25-fold) in the brush-border
marker alkaline ph and 5"

tidase in comparison with the homogenate of the washed
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placental tissue {11,12]. The membrane vesicles were
preloaded with a suitable buffer and the protein con-

centration of the b ion was adjusted to

loaded with 10 mM Hepes-Tris (pH 7.5) containing 300
mM manmtol Protein concentration of the membrane

5 mg/mi before storing the membranes in liquid N..
The position of the preloading buffer varied de-
pending upon the individual experiment.

Treatment with reagents

N-Acetylimidazole. Membrane vesicles were treated
with N-acetylimidazole at room (21-22°C)
for 1 h in 10 mM Hepes-Tris buffer (pH 7.4) containing
100 mM K,SO,. Protein concentratlon during treat-
ment was 1 mg/ml. Stock sol of N- ylimid

was adjusted to 5 mg/ml before use in
uplake experiments.

Protection with Na*. Membrane vesicles were prein-
cubated with 200 mM K ,S0, or 200 mM Na,S0, for 1
h and then treated with N-acetylimidazole. Control
membrane vesicles were treated similarly, but in the
absence of N- limidazole. After salts and
unreacted reagent were removed by dilution and centrif-
ugation.

zole were prepared in the treatment buffer. After treat-
ment, the excess reagent was removed by dilution and
centrifugation as follows. The membranes were diluted
5-fold with the preloading buffer (10 mM hva‘l‘ns
(pH 7.4) 300 mM itol) and

Uprake

Uptake measurements were made at room tempera-
ture using a rapid filtration technique [13]. Millipore
filters (DAWP type; pore size 0.65 pm) were used in
these assays. Uptake was initiated by rapidly mixing 40

at 60000 X g for 30 min. The supernatants were dis-
carded and the pellets suspended in the same buffer. In
expenmems where the reversal by hydroxy]an‘une of the

unlof b ion (0.2 mg p with 169 pl
of uptake buffer contammg radiolabeled taurine. The
uptake buffer was 10 mM Hepes-Tris (pH 7.5) contain-
mg 150 mM NaCl. Under these conditions, there was

indi ‘was

after removal of the excess N-acetyhmldazole, control
and treated L; were again ibated with or
without 150 mM hydroxylamine for 1 h at 37°C. Hy-
droxylamine solution was prepared by dissolving hy-
droxylamine hydrochloride in 10 mM Hepes and adjust-
ing the pH to 7.4 with Tris. After incubation, the
reagent was removed by dilution and centrifugation.

NBD-Cl. Membrane vesicles were treated with NBD-
Cl at room temperature for 1 h in 10 mM Hepes-Tris
buffer (pH 7.4) containing 100 mM K ,S0,. Stock solu-
tions of NBD-Ci were prepared in ethanol. Control
membrane vesicles were treated similarly, but in the
presence of an equal concentration of ethanol alone
(final concentration, 1%, v/v). After treatment, unre-
acted NBD-C] was removed by dilution and centrifuga-
tion. In experiments where the reversal of inhibition by
2-mercaptoethanol was studied, control and treated
membranes were again incubated with or without 10
mM 2 hanol at room p for 30
min. The soluuon of 2-mercaptoethanol was prepared in
10 mM Hepes-Tris buffer (pH 7.4) containing 100 mM
K,50,. After incubation, the reagent was removed by
dilution and centrifugation.

Tetranitromethane and PNBSF. Membrare vesicles
were treated with tetranitromethane or PNBSF at room
temperature for 30 min in 20 mM K,HPO,-KH,PO,
buffer (pH 8.8) containing 100 mM K ,S0,. Stock solu-
tions of the reagents were prepared in ethanol. Control
membrane vesicles were treated similarly but in the
presence of an equal concentration of ethanol alone
(final concentration, 1% (v/v)). After treatment, unre-
acted reagents were removed by dilution and centrifuga-
tion,

In all cases, the membrane vesicles were finally pre-

i dly di d NaCl di across the
brush border membrane ([NaCl], = 120 mM; [NaCl), =
0). Uptake was terminated by adding 3 mi of ice-cold
stop buffer (5 mM Hepes-Tris, 155 mM KCl (pH 7.5))
and the mixture was filtered. After washing with the
stop buffer (3 X 5 ml), the radioactivity associated with
the filter was counted by liquid scintillation spectrome-
try. In those experiments where protection by Na* was
investigated, the membrane vesicles were suspended in
10 mM Hepes-Tris buffer (pH 7.0) containing 600 mM
mannitol. The uptake buffer was 10 mM Hepes-Tris
(pH 7.0) containing 300 mM NaCl. The composition of
the stop buffer was 5 mM Hepes-Tris, 310 mM KCl
(pH 7.0).

Statistics

Uptake measurements were routinely done in dupli-
cate or triplicate and the variation among the replicate
values was always less than +10% of the mean value.
Each experiment was repeated with two or three differ-
ent membrane preparations. Results are given as the
mean + S.E. Statistical differences were detcrmined by
Student’s t-test and a P value less than 0.05 was
considered significant.

Materials

[2(n)-*H]Taurine (specific radloacuvny, 209 Ci/
mmol) and L-[1-"*C]gl (specific radi y, 54.8
mCi/mmol) were purchased from Du Poni-New En-
gland Nuclear, Boston, MA, U.S.A. Taurine, NBD-Cl,
N-acetylimidazole, PNBSF, hydroxylamine and 2-mer-
captoethanol were from Sigma Chemical Co., St. Louis,
MO, US.A. T i was d from Al-
drich Chemical Co., Milwaukee, WI, U.S.A. All other
chemicals were of analytical grade.




Resuits

Effect of N-acetylimidazole treatment on taurine uptake
The time courses of NaCl gradient-dependent taurine
uptake in control and N-acetylimidazole (7.5 mM)-
treated membrane vesicles are given in Fig. 1. In both
cases, uptake of 0.2 M taurine was measured in the
presence of an inwardly directed NaCl gradient
([NaCl), = 120 mM; [NaCl), = 0). Taurine uptake was
markedly reduced in treated membrane vesicles com-
pared to control vesicles. Initial uptake rates measured
with a 30 s incubation were reduced by 70% following
with V- limidazole (2.56 + 0.19 and 0.74
+0.04 pmol/mg of protein in control and treated
vesicles, respectively). The uptake values measured at 3
h incubation were not the same in control and treated
membrane vesicles and thus did not represent equi-
librium values. It has been shown earlier in this labora-
tory that equilibrium values for taurine uptake in the
presence of a NaCl gradient were not obtained in
intestinal [9] or placental [8] brush-border membranc
vesicles unless the vesicles were incubated for periods
longer than 3 h. Since we could not use the taurine
uptake values at 3 h incubation as a measure of in-
travesicular volume and thus of vesicle integrity, we
measured the uptake of L-glucose in these membrane
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Fig. 1. Effect of N-acetylimidazole treatment om taurine uptake.
Placental brush-border membrane vesicles were treated with or without
75 mM N i for 1 h at room in 10 mM
Hepes-Tris buffer (pH 7.4) containing 100 mM K;SO,. After treat-
ment, the membranes were washed free of the reagent, and then
preloaded with 10 mM Hepes-Tris buffer (pH 7.5) containing 300
mM mannitol. Uptake of taurine (final
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Fig. 2. Dose-dependence of inhibition of taurine uptake by
N-acetylimidazole. Membranc vesicles were treated with varying con-
centrations of N-acetylimidazole (0-20 mM) for 1 h at room tempera-
tre at pH 7.4 in 10 mM Hepes-Tris b ffer containing 100 mM
K,SO,. After treatment, the vesicles were vashed free of the reagent
and preloaded with 10 mM Hepes-Tris bufier (pH 7.5) containing 300
mM mannitol. Uptake of taurine (final

0.3 pM) was measured with a 15 s incubation in the presence of an
inwardly directed NaCl gradient. The results are given as the mean +

S.E. (7 = 6, two membrane preparations).

vesicles to calculate the intravesicular volume. The in-
travesicular volume measured by this method was simi-
lar in control and N-acetylimidazole-treated b
vesicles (1.77 + 0.01 versus 1.73 + 0.03 pl/mg of pro-
tein; P > 0.05). These results demonstrate that the in-
tegrity of the membrane vesicles was not affected by the
treatment.

Fig. 2 describes the effect of increasing concentra-
tions of N- limidazole during on the ini-
tial rates (15 s incubation) of 0.3 M taurine uptake.
The inhibition of taurine uptake progressively increased
with increasing concentrations of the reagent. A 50%
inhibition was observed when the concentration of N-
acetylimidazole was 5 mM and more than 90% inhibi-
tion was obtained with 20 mM reagent.

Effects of treatment with NBD-CI, tetranitromethane and
PNBSF on taurine uptake

N-Acetylimidazole is a reagent which is fairly specific
for modification of tyrosine residues {14] and the inhibi-
tion of taurine uptake in human placental brush-border
membrane vesicles by treatment with the reagent in-
dicates that the taurine ter in these b
may possess tyrosine residues which are critical for the

0.2 tM) was measured in the presence of an inwardly directed NaCl
gradient ([NaCl), =120 mM; [NaCl}; = 0). The resulls are given as

port activity of the carrier protein. To provide
further suppomng evidence for \he participation of

the meantS.E. (n=4, tWo o,
Control vesicles; o o, N- amyhlmdazole-lreated vesicles.

in the port we investi-
galed the effects of three other reagents which are
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TABLE I

Comparative potency of tyrosine group-specific reagents o inhibit taurine
uptake in human placental brush-border membrane vesicles

Reagent ICsp (M)
Tetranitromethane 10
NBD-CI 16
PNBSF 175
N-Acetylimidazole 4800

commonly employed for modification of tyrosine re-
sidues. These reagents are NBD-Cl, tetranitromethane
and PNBSF. Treatment of the membrane vesicles with
all three reagents effectively inhibited taurine uptake in
a dose-dependent manner (data not shown). The ap-
proximate values for the ion of these

to produce 50% inhibition of taurine uptake are given in
Table I and the inhibitory potency appears to be in the
foliowing order: tetranitromethane > NBD-CI >

PNBSF > N-acetylimidazole.
Rever.nbllny of inhibition

bation of N-acetylimidazole-treated t
with hydroxylamine would deacetylate the modified
tyrosine residues and the phenolic hydroxyl

groups [15,16]. Therefore, we tested the ability of hy-
droxylamine to reverse the N-acetylimidazole-induced
inhibition of taurine uptake. In these experiments, it
was found that incubation of the membrane vesicles
with 150 mM hydroxylamine alone caused a consider-
able inhibition (41 £ 7%) of taurine uptake. Therefore,
we measured taurine uptake in membrane vesicles which
were treated in four different ways to provide proper
controls for the assessment of reversal of the inhibition
(Fig. 3): control vesicles (A), vesicles treated with N-
acetylimidazole (B), vesicles treated with hydroxylamine
(C) and vesicles treated with N-acetylimidazole fol-
lowed by with hydroxy (D). T
of membrane vesicles with 6 mM N-acetylimidazole
caused 80% inhibition of taurine uptake (B versus A).
But, this inhibition was reduced to 30% after incubation
with hydroxylamine (D versus C). It is clear from these
results that hydroxylamine reverses the N-acetylimida-
zole-induced inhibition of taurine uptake.

Similarly, NBD-Cl-induced inhibition of taurine up-
take should also be reversible with thiols such as 2-mer-

hanol because the ic hydroxyl group of

tyrosme residues which has been modified by NBD-Cl
can be regenerated by thiols [17-19]. We theref
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Fig. 2. ibility of N- by hydroxyl-

‘amine. Membrane vesicles were treated with 6 mM N-acetylimidazole
for 1 h at room temperature at pH 7.4. After treatment, unreacted
N-acetylimidazole was removed by dilution and centrifugation. These
vesicles as well as Ihe vesxcles which were treated similarly but in the
absence of N- were then i d for 1 h at 37°C
with or without 150 mM hydroxylamine-HCI in 10 mM Hepes-Tris
buffer, (pH 7.4). In each case, the vesicles were washed free of the
reagent and preloaded with 10 mM Hepes-Tris buffer (pH 7.5)
containing 300 mM mannitol before used in uptake experiments.
Uptake of taurine (0.3 pM) was measured with a 30 s incubation in
the presence of an inwardly directed NaCl gradient. Uptake in
vesicles which were treated with N-acetylimidazole alone (B) is ex-
pressed as percent ol up(ake in vemles which were treated in the
absence of N- (A) (1.07+0.03
pmol/mg protein per 30 s=100 percem) Uptake in vesicles which
were treated with N-acetylimidazole followed by hydroxylamine (D)
is expressed as percent of uptake in vesicles which were treated with
hydroxylamine alone (C) (0.63+0.07 pmol /mg protein per 30 5 =100
percent). The results are given as the mean+S.E. (n =9, three mem-
brane preparations).

alone did not have any deleterious effect on taurine
uptake (1.58 + 0.02 versus 1.56 + 0.03 pmol /mg protein
per 30 s).

TABLE 11

Reversal of NBD-Cl-induced inhibition of taurine uptake by 2-mercapto-
ethanol

Membrane vesicles were treated with 25 gM NBD-Cl for 1 k at room
temperature at pH 7.4. After treatment, the unreacted NBD-Cl was
removed by dilution and centrifugation. These vesicles as well as the
vesicles which were treated similarly but in the absence of NBD-Cl
were then incubated at pH 7.4 for 30 min at room temperature with or
without 10 mM 2-mercaptoethanol. In each case, the vesicles were
then washed free of the reagent and preloaded with 10 mM Hepes-Tris
buffer (pH 7.5) containing 300 mM mannitol before used in uptake
experiments. Uptake of 0.3 pM taurine was measured with a 30 s
incubation in the presence of an inwardly directed NaCl gradient. The
results are presented as the mean+S.E. (n=6).

assessed the ability of 2-mercaptoethanol to reverse the
NBD-Cl-induced inhibition of taurine uptake (Table
11). NBD-Cl at 25 uM caused 70% inhibition of taurine
uptake, but this inhibition was reduced to 43% after

treatment with 10 mM 2 1. Ti of
the membrane vesicles with 10 mM 2 hanol

Experimental condition Taurine uptake

pmol/mg per 30 s %
Control 1.58+0.02 100
NBD-Ci 0.48£0.01 30
2 1.56£0.03 100
NBD-Cl+ 2-mercaptoethanol 0.89+0.01 57

P
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v/s 2
Fig. 4. Effect of N-acetylimidazole treatment on the influence of
taurine concentration on the uptake. Membrane vesicles were treated
with or without 6 mM A- for 1 h at room
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for the maximal velocity (V,,,,) was markedly reduced
in treatad vesicles compared to control vesicles (5.4 + 0.1
versus 13.3 + 0.6 pmol /mg protein per 15 s).

Protection of the taurine transporter from N-acety)'mida-
zole-induced inhibition by Na*

Tyrosine residues have been shown to be located at
or near the Na*-binding site of several Na*-dependent
transport systems in small intestine, kidney [20-25] and
placenta (unpublished data). In all cases, the transport
activity is inhibited by treatment of purified brush-
border membrane vesicles with tyrosine grcup-specific
reagents, but the transporters can be protected from the
inhibition by Na*. Therefore. to determine whether the
tyrosine residues which are critical for the transport
function of the human placental taurine transporter are
located at or near the Na*-binding site of the trans-
porter, we compared the N-acetylimidazole-induced in-
hibition of taurine uptake in membrane vesicles which
were lrea\ed with the reagent in the presence of K* with

in 10 mM Hepes-Tris buffer (pH 7.4) containing 100 mM K,S0,.
After treatment, the vesicles were washed free of the reagent and then
preloaded with 10 mM Hepes-Tris buffer (pH 7.5) containing 300
mM mannitol. Uptake of taurine was measured with a 15 s incubation
in the presence of an inwardly directed NaCl gradi=nt ((NaClj, =120
mM; [NaClj; = 0). Concentration of taurine was varied between 0.5
and 15 gM. The results are given as Eadie-Hofstee plols (uptake
rate/substrate concentration versus uptake rate). Each datum repre-
sents the mean + S.E. (n = 4. two membrane preparations). Where not
shown, the standard error is within the data point. v, uptake rate in
pmol /mg protein per 15 s; s, tauri ion in M.
Control vesicles; O ©, N-acetylimidazole-treated vesicles.

Effect of N-acetylimidazole treatment on the kinetics of
taurine uptake
The kinetics of taurine uptake in control and N-
limidazole-treated b vesicles were studied
to whether the N. limidazole-induced in-
hibition was due to a reduction in the affinity of the
transportet for taurine or to a decrease in the maximal
velocity of the transporter. In these experiments, mem-
brane vesicles were treated in the presence or absence of
6 mM N. idazole. After 1 of the unre-
acted reagent, initial rates (15 s incubation) of taurine
uptake were measured in control and treated memnbrane
vesicles in the p of an i dly di d NaCl
gradient ([NaCl), = 120 mM; [NaCl);=0). The con-
centration of taurine was varied between 9.5 and 15
pM. The results in Fig. 4, given as Eadie-Hofstee plots
(initial uptake rate/taurine concentration versus initial
uptake rate), demonstrate that the uptake system ob-
eyed Michaclis-Menten kinetics describing a single
transport system in control as well as treated membrane
vesicles (i.e., the plots were linear in both cases; r>
0.97). The Michaelis-Menten constant (K,) for the
taurine uptake system was 4.0 + 0.1 uM. But, the value

the inhit in vesicles treated with the reagent in the
presence of Na*. The rationale for this experiment was
that if the critical tyrosine residues are located at or
near the Na*-binding site, Na* would mask these re-
sidues and prevent the chemical modification of these
residues by N-acetylimdiazole. in order to ensure proper
controls, 1wo sets of experiments were performed. In
one set, membrane vesicles were treated with or without
5 mM N-acetylimidazole in a medi ining 200
mM K,SO,. In another set, membrane vesicles were
treated with or without 5 mM N-acetylimidazole in a
medium containing 200 mM Na,SO;. In all cases, after
incubation the reagent and salts were removed by dilu-
tion and centrif and the vesicles were
preloaded with 10 mM Hepes-Tris buffer (pH 7.5)
containing 600 mM mannitol. Uptake rates of taurine
(0.3 pM) were d with a 30 s incubation in these
vesicles in the p of an i dly di d NaCl
gradient ([NaCl], = 240 mM; {NaCl]; = 0). Taurine up-
take in membrane vesicles which were treated in the
presence of Na,SO, but in the absence of N-acetyli-
midazole were lower than the uptake in membrane
vesicles which were treated in the presence of K,SO,
but in the absence of N-acetylimidazole (5.17 + 0.28
versus 3.49 + 0.12 pmol/mg protein per 30 s). This
difference is most likely due to the presence of un-
washed residual Na* within the vesicles treated with
Na,S0,. This would result in a decrease in the magni-
tude of the Na* gradient across the membrane during
uptake measurement and hence taurine uptake would
be reduced. However, as seen in Table III, when the
uptake rates of taurine in N-acetylimidazole-treated
vesicles were compared with the uptake rates in respec-
tive controls, it was found that N-acetylimidazole treat-
ment caused 44% inhibition in K,SO, medium, but the
inhibition was reduced to 33% in Na,SO, medium. The
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protection offered by Na* was small (25%), but statisti-
cally significant (P < .501) and highly reproducible
{n =9; three different inembrane preparations).

Dependence of taurine uptake on Na* concentration

Placental taurine transporter exhibits an absolute
requirement for Na™* [8]. We therefore studied the de-
pendence of the initial rates of taurine uptake on the
concentration of external Na* (trans-zero-conditions)
while keeping the external Cl~ concentration constant.
This experiment allowed us to calculate the number of
Na* ions involved per transport of one taurine molecule
by a procedure described by Turner [26]. Since the
experiment involves activation of the transporter by
external Na*, the procedure has been termed as ‘activa-
uon method [26] The initial rates of taurine uptake

d with i of Na* (Fig.

5). The sigmoidal shape o[ she curve indicates that the
taurine transporter interacts with more than one Na*
ion. To determine the number of Na* ions interacting
with the transporter, the data were fit to a Hill-type
equation

_ Vau[Na® 1"
" K, ¥ N 1
and plots of v versus v/[Na*]" were constructed for a
Na* concentration range of 10-200 mM, assigning n a
value of 1, 2 or 3. When n=1 or 3, the plots were
curvilinear (results not shown), but when r = 2, the plot
was very close to a straight line (r= —0.94) (Fig. 5,

TABLE 111

Protection of the taurine
inhibition by Na*
Membrane vesicles were treated with or without 5 mM N-acetyli-
midazole in the presence of either 200 mM K,S0, or 200 mM
Na,S0O;. After treatment, the vesncles were washed free of the reagent
and salts by dilution and ion. The washing was
repeated thrice, and the buffer used during washing was 10 mM
Hepes-Tris (pH 7.0) containing 600 mM mannitol. The membranes
were finally suspended in the same buffer. Uptake of 0.3 gM taurine
was measured with a 30 s incubation in these vesicles in the presence
of an inwardly directed NaCl gradient ([NaCl], = 240 mM; (NaCl]; =
0). The data represent the mean+S.E. (n=9; three different mem-
brane preparations).

from N imidazole-induced
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v, taurine uptake (pmole/mg of protein/15s}

Fig. 5. Dependence of taurine uptake on Na™ concentration. Mem-
brane vesicles were preloaded with 10 mM Hepes-Tris buffer (pH 7.5)
containing 600 mM mannitol. Uptake of 0.3 uM taurine was mea-
sured in these vesicles with a 15 s incubation in the presence of
increasing concentrations of Na* (0-200 mM). Concentration of CI~
was kept constant at 200 mM by the addition of KCI. Osmolality was
maintained by varying the concentration of mannitol. The results are
given as the mean +S.E. (# = 4, two membrane preparations). Inset:
Hill-type plot (v versus v/[Na* }”) with the value of n = 2.

inset). The exact value of n for the best fit to a straight
line was 1.75 (r= —0.99). Thus, two Na* ions appear
to be involved per transport of one taurine molecule in
these vesicles.

Discu:sion

Tyrosine residues have been shown to be critical for
the activity of many Na*-dependent transport systems
[20-25]. The taurine transporter of the human placental
brush-border b also exhibits an absolute de-
pendence on Na* and hence it was of interest to in-
vestigate the role of idues in the lyti
activity of this porter. We have employ

d in this
study four reagents which are specific for tyrosine re-
sidues and they are N-acetylimidazole, NBD-CI PNBSF
and i T of 1 mem-
brane vesicles with all four reagents resulted in inhibi-
tion of NaCl gradient-dependent taurine uptake in these
vesicles. The integrity of the vesicles was not affected by

the as d by the of the
‘Treatment condition Taurine uptake  Inhibiti i lar volume. There is no evidence that these
Ele’i'r"‘“'e/r’ggol:;* (L] ion p bilities of the membrane
. 5""”3 vesicles because N-acetylmudazo]e did not alter the
.17£0. * -H*
K* and N-acetylimidazole 2911017 44 Nal uPlaklend}::’;:n"y a H gl‘::ileEtLVla’l the Na H
Na* 349£012 vesicles [27) nor did NBD-Cl alter the Na* permeability
Na* and N-acetylimidazole 2.33+0.09 33

(P <0.001)

in renal brush-border membrane vesicles [20]. The in-
hibition observed in the present investigation was re-



versible and occurred as a consequence of reagent-in-
duced chemi ifi of ial amino acid
residues in the taurine transport protein. One of the
major dlf[lculues in mterpretmg the data from experi-
ments invol g is the lack of
absolute specr[rcrly of lhe reagents employed. NBD-Cl
has been employed to modify tyrosine residues in en-
zymes and transport proteins [17,18,20,23,28,29] but
this reagent can also interact with thiol groups {20,31].
Even though there is evidence that amino groups can
also react with NBD-CI {32,33], this reaction is seen
only at alkaline pH and is almost negligible at neutral
or near neutrai pH values [33]. Since the placental
brush-border membrane vesicles were treated with
NBD-Cl at pH 7.4 in the present study, it is unlikely
that amino groups were modified under these condi-
tions. But, under similar experimental conditions, reac-
tion with tyrosine [33] and sulfhydryl residues [30] is
extensive. In both cases, the reaction can be reversed
and the phenolic hydroxyl and yl groups regen-
erated by subsequent incubation with free thiols
[17-19,28]. It was found in the present investigation
that the incubation of NBD-Cl-treated membranes with
2 hanol caused signi reversal of the
NBD—Cl-mduced inhibition of the taurine transporter.
Therefore, it is concluded from these results that the
inhibition of taurine uptake seen in humar pl 1
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reagent. But, hydroxylamine at neutral pH or mild
alkaline conditions deacetylates phenolic hydroxyl
groups {15,16] whereas deacetylation of amino groups
by hydroxylamine requires hot acidic or alkaline condi-
tions [39].

It was found in the present investigation that N-
Acetylimidazole inhibited taurine uptake in placental
brush-border membrane vesicles. The inhibition could
be demonstrated even after washing the membranes two
or three times indicating that the inhibition was not due
to acetylation of sulfhydryl groups. Since the N-
acetylimidazole-induced inhibition could be reversed
with hydroxylamine under mild alkaline conditions. it is
the acetylation of tyrosine residues, and not the acetyla-
tion of amino groups, which is respoasible for the
inhibition.

Table I shows that tetranitromethane and NBD-Cl
were more potent than PMSF and N-acetylimidazole in
inhibiting the taurine tronsporter. Whether the greater
inhibiiory potency of these two reagents is due to their
capability to react with tyrosine as well as thiol groups
is yet to be determined because there is no available
data at present on the essentiality of thiol groups for the
catalytic activity of the placental taurine transporter.

We also investigated the influence of the chemical
modification of the critical tyrosine residues on the

kinetic p s of the uplake system. Modification

membrane vesrcles upon treatment with NBD-Cl is due
to of ine and/or sulfhydryl
groups of the trasnport protein.

Tetranitromethane is ‘one of the most widely used

of tyrosine with V- resulted in a
decrease in V., with no effect on K,. These results are
consistent with a reversible noncompetitive inhibition
or an irreversible inactivation. Since the reagent is known
to acetylate the phenolic hydroxyl group of tyrosine
resrdues. it appears that such a modification irreversibly

to modify ty idues in p {34,35).
However, this reagent has also been shown to react with
thiol groups [36,37). T of pl brush-bord:

membrane vesicles with tetranitromethane resuited in
effective inhibition of the taurine transporter, suggest-
ing the invol of ine and/or sulfhydryl
groups in the lytic function of the porter.
PMSF, another tyrosine group-specific reagent [38), also
caused drastic inhibition of taurine uptake in these
membrane vesicles.

The results with the above-mentioned reagents thus
suggesl, but do not ily prove, that

the transporter. To determine whether the
tyrosine residues which are critical for the activity of the
placental taurine transporter are located at or near the
Na*-binding site of th: transporter, we compared the
efficacies of N-acetylimidazole to inhibit the transporter
activity when the treatment with the reagent was per-
formed in the presence of K* or Na*. The transporter
was significantly protected from the inhibition by Na*.
These data suggest, but do not prove, that the essential

are ial for the fi of the pl 1

tyrosyl residues are present at the Na*-binding site. It is

taurine transporter. It would be most useful to have a
reagent which is highly specific for tyrosine residues.
Although such a reagent is not available yet, N-
acetylimidazole, of all reag appears to be best suited
for this purpose [14]. This reagent, to some extent, can
also modify sulfhydryl and ammo groups. However.
there are ways to diffe i the of
sulfhydryl, amino and phenolic hydroxyl groups with
this reagent. N-Acetylimidazole acelylales sulfhydryl
groups in p but the prodt diately hydro-
lyze in aqueous solutions [16,39]. Amino groups and
phenolic hydroxyl groups are also acetylated by the

possible that these reactive residues are located at a site
which is spatially distinct from the Na *-binding site but
whose conformation is influenced by the binding of
Na* 10 the transporter.
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