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The uptake of taurine by luminal from pars and pars recta of rabbit proximal tubule was
ined. In pars luta, the port of taurine was characterized by two Na*-dependent (KX, = 0.086 mM,

K= 541 mM) systems, and one Na*-independent (K, = 2.87 mM) system, which in the presence of an mward!y

directed H *.gradient was able to drive the transport of taurine into these vesicles. By in fuminal

vesicles from pars recta, the transport of taurine occurred via a dual transport system (K ,; = 0.012 mM, X _, = 5.62

mM), which was strictly dependent on Na*_ At acidic pH with or vmhout a H di the Na™ flux of
taurine was drastically reduced. In both kind of vesicl p P only showed inhibition of the
Na -dependent high-affinity taurine in the p of B-alani b there was no significant

ibition with ino acids, indicating a g acid specific transport system. Addition of f-alanine, L-alanine,

L-proline and glycine, but not L-serine reduced the H *-dependent uptake of taurine to approx. 50%. Moreover, only the
Na*-dependent high-affinity Y in both specifically required Cl1-. igation of the
stoichiometry indicated 1.8 Na*: 1 CI‘ 1 taurine (high affinity), 1 Na*: 1 taurine (low affinity) and 1 H*: 1 taurine in
pars convoluta. In pars recta, the data showed 1.8 Na*:1 €1~ :1 taurine (high affinity) and 1 Na*:1 taurine (low

affinity).

Introduction

Taurine is the major free intracellular amino acid
present in most mammalian tissue {1]. Substantial evi-
dence now indicates that taurine plays an important
functional role in retinal, in cardiac and skeletal muscies
as well as serving tasks in endocrine function and in
neurotransmission [1-3). Renal respenses to changes in
dietary taurine intake suggest that this amino acid is a
conserved metabolite and that the kidney plays a con-
siderable role in whole body taurine homeostasis [4-6].
Studies on the mechanism of renal wbular transport of
taurine showed that almost 90% of the filtered load is
reabsorbed in the proximal tubule [7], by Na*-depen-
dent high-affinity transport in the brush-border mem-
brane [8-10]. However, Na*-dependent uptake of
taurine by vesicles from pars convoluta or whole cortex
also specifically requires C1- {11-13] which has been
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suggested 10 stimulate taurine flux primarily by facili-
tating the formation of the translocated solute carrier
complex whereas the uphill transport of taurine is driven
mainly by the Na*-gradient, and is sensitive to the
membrane potential owing to a nepatively charged
empty carrier [14] However, in contrast to previous
reports we observed in preliminary experiments that the
uptake of taurine in vesicles from pars comvoluta of
rabbit proximal tubule was mediated by both a high-
and low-affinity Na*-dependent and an intermediate
affinity Na*-independent, but electrogenic transport
systems. Concentrated uptake by the Na*-independent
system was found to be dependent on a H*-gradient,
which operates equally well both in the presence and
absence of Na*. In pars recta, the preliminary experi-
ments indicated the existence of more than one Na™-de-
pendent transport component. Thus, taurine transport
has not been studied in sufficient detail, also with
regard to regional differences in the proximal tubule,
cation and anion depend and stoichi Yy, to
permit conclusions at the present stage. The present
investigation attempts to fill in this gap by providing
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transport data from supposedly transport homogeneous
nreparations of the kidney.

Materials and Methods

Materials

Taurine. B-alanine, L-alanine, L-proline, L-serine and
glycine, Trisma base, Hepes, and Mes were purchased
from Sigma Chemical Co., St. Louis, MO, U.S.A. Ra-
dioactive [1.2-H]taurine (specific activity 1.30 TBg/
mmol) was obtained from Amersham International pic.
(Buckinghamshire, U.K.), These and all other reagents
were of A.R. grade.

Preparaiion and enzymic characterization of renal luminal
membrane vesicles

Luminal membrane vesicles were isolated from pars
convoluta (cortex corticis) and from pars recta {outer
stripe of outer medulla) of the proximal tubule of rabbit
kidney according to the method already described [15).
Briefly, onter cortical tissue was obtained by cutting
slices < 0.4 mm thick from the surface of the kidney.
Strips of outer medulla approx. 1 mm thick (repre-
senting predominantly pars recta) were dissected from
outer stripe of outer medulla. We always prepared fumi-
nal membrane vesicles from outer cortical and outer
medullary tissue from the same kidneys and the two
preparations were performed in parallel by use of the
Ca’*-precipitation procedure previously described by
Sheikh and Maller [15]. Usually the vesicles were sus-
pended in a solution cc ing 310 mM itol and
15 mM Hepes-Tris buffer (pH 7.5) but in a series of
experiments designed to test the effect of low pH lumi-
nai membrane vesicles were prepared and suspended in
a solution containing 310 mM itol and 15 mM
Mes-Tris buffer (pH 5.5). The purity of the membrane
vesicle preparation was examined by electron mi-
croscopy {16] and by measurement of specific activities
of various enzyme markers as previously described [17).
Average enrichment in specific activity (final pellet/
homogenate) of leucine aminopeptidase (a brush-border
membrane marker) was 13-fold, while that of Na*-,
K*-ATPase (a basolateral marker) and succinate dehy-
drogenase (a mitochondrial marker) both were <0.5.
The amount of protein was determined by the method
of Lowry et al. [18] as modified by Peterson [19] with
serum albumin (Sigma Chemical Co., St. Louis, MO,
U.5.A)) as a standard. All solutions used in this study
were sterilized before use. No bacterial contamination
of membrane vesicle preparations was found after in-
cubating the samples on blood-agar plates and by elec-
tron microscopy.

Uptake experiments
The uptake of taurine by various vesicle preparations
was studied by Millipore filtration [20]. The details of

the individual experiments are given in the legends to
the figures. Briefly, the uptake of radioactive taurine
was studied as follows: 20 pl of luminal membrane
vesicle suspension were added at time zero to 100 pl of
incubation medium containing radioactively labelled
ligand and other constituents as required. Transport of
taurine into vesicles was stopped by addition of 1 mi
ice-cold stop solution consisting of either 155 mM NaCl
or 155 mM KCl dissalved in 15 mM Hepes-Tris buffer
(pH 7.5) or in 15 mM Mes-Tris buffer (pH 5.5), in the
low pH experiments. The resulting suspension was
rapidly filtered through a Millipore filter (HAWP 0.45
pm) which was washed twice with 2.5 ml of ice-cold
buffer. The filter was dried overnight and radioactivity
was counted in a liquid scintillation counter (LKB-Wal-
lac 1218 RackBeta) after addition of Filter Count™
(Packard Instrument International SA. Zurich, Switzer-
land). Correction for non-specific binding to the filier
and membrane vesicles was made by subtracting from
all uptake data the value of a blank obtained by filter-
ing denatured membranes (boiled for 2 min) added to
an incubation tube containing radioactive taurine.

In a series of experiments in which Na* coupling
ratio with taurine was examined, precautions were taken
to ensure that any effects due to variations in trans-
membrane electrical potential were minimized by
short-circuiting the membrane. In these experiments 100
mM KSCN was present in both intravesicular and
extravesicular media. Besides, valinomycin at a con-
centration of 12.5 mg/g protein was added as a stock
solution of 25 g/1 in ethanol. As shown by Turner and
Moran [21], the presence of 100 mM KSCN equilibrium
together with this concentration of valinomycin is suffi-
cient 1o short-circuit transmembrane electrical potential
differences.

In another series of experiments examining the stoi-
chiometry of the Na*/taurine cotransport mechanism
for chloride, vesicles were preincubated with valinomy-
cin (12.5 mg/g protein) and loaded with K-gluconate in
order to clamp membrane potentials at potassium diffu-
sion potential.

Calculations

The Michaglis-Menten kinetics of the uptake of vari-
ous concentrations of taurine were analysed. Theoretical
saturation curves were fitted to the experimental data
using a computer-analysed statistical iteration proce-
dure [22).

In order to determine the ion: taurine stoichiometry
we used the ‘activation method’ [23]. Here, one mea-
sures the stimulation of substrate (taurine) flux by in-
creasing concentrations of activator (Na*, H* or C17).
The data were analyzed by the equation [24]:

Flux =V, [A]" /(K5 +1A)")



The equation assumes the existence of n essential coop-
erative site(s) for the activator A per taurine silc,
According to this equation a plot of flux/[A}]” against
flux for the correction of n will yield a straight line with
slope 1/K/..

Results

Cation dependence of taurine upiake by fuminal mem-
brane vesicles from pars convoluta

By the use of the spectrophotometric method [25)
and with the experimental protocol recently described
(for details see Fig. 1 of Ref. 26), we found that the rate
of uptake of taurine in vesicles from pars convoluta was
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Fig. 1. Cation-dependent uptake of taurine by luminal membrane
vesicles from pars convoluta as studied by Millipore filiration. (Panel
A) 20 pl of vesicle suspension prepared in 310 mM mannitol, 15 mM
Hepes-Tris (pH 7.5), were incubated at different time intervals in 100
1) of incubation medium containing 155 mM NaClin 15 mM Mes-Tris
buffer (pH 5.5) (Curve 1{©)) or in 15 mM Hepes-Tris buffer (pH 7.5)
(curve 2 (@)). Curve 3 (a) shows the effect of Na *-gradient-dependent
uptake of 1aurine al a low pH, bui in the absence of a H* gradient
(pH;, = pH,,, = 5.5). In these experiments the vesicles were prepared
in 310 mM mannitol, 15 mM Mes-Tris buffer (pH 5.5), and incubated
in 155 mM NaCl in 15 mM Mes-Tris buffer (pH 5.5) at different time
intervals. Media contained 0.2 pM {1,2-Hjtaurine and unlabelled
taurine reaching 12 pM (final concentration). (Panel B) The experi-
mental conditions were essentially the same as in Panel A except that
NaCl is replaced by KCl a1 pH 5.5 {curve 1{0))} and 7.5 {curve 2 (m))
and all the vesicles were prepared in 310 mM mangitol, 15 mM
Hepes-Tris (pH 7.5). Results are given as mean values 1 S.D. of five
experiments. In those cases where vertical bars are absent, standard
deviations are smaller than the graphical representation of the mean.
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electrogenic and mediated by both Na'-dependent and
Na “-independent systems (not shown).

Figs. 1A and 1B summarize the results of a series of
experiments in which the effect of various cations on
the uptake of radioactive taurine was investigated. Fig.
1A describes the uptake of taurine by membrane vesicles
in tue presence of a Na’-gradient (curve 2) and a Na*
plus H* gradient (curve 1). Na*-dependent uptake of
taurine reaches an equilibrium value after 120 min. A
maximal accumuiation over the equilibrium value was
observed after 5 min of incubation in the presence of a
Na *-gradient. Imposition of a H*-gradient (extravesicu-
lar > intravesicular) in addition to Na* results in an
increased transient uptake of taurine (compare curve 1
with curve 2} and maximal accumulation is observed
already after 1 min of incubation. Curve 3 shows the
Na”-gradicnt-dependent uptake of taurine at lower pH,
but in the absence of H*-gradient (i.e. pH, = pHy = 5.5)
by iuminal membrane vesicles. It is seen that the H*-
gradient dependent extra uptake of tausine is abolished
under these experimental conditions.

The effect of H* and K* gradients on the renal
uptake of radioactive taurine is shown in Fig. 1B. The
purpose of performing these experiments was 10 ex-
amine whether 2 H” gradient in the absence of Na*©
can drive uphill transport of taurine in membrane
vesicles from this segment of proximal tubule. It is
interesting to note that inwardly direcicd H*-gradient
stimulated the uptake of taurine (curve 1) and maximal
accumulation of amino acid is observed already after 1
min of incubation. By contrast, no transient accumula-
tion of taurine was observed in the presence of a K*-
gradient (curve 2), when the extravesicular pH was
equai to intravesicular pH (i.e. pH = 7.5).

In preliminary experiments we observed that the
Na*-dependent uptake of taurine at increasing medium
concentrations of the amino acid (0.010-10 mM) by
vesicles from pars convoluta occurred via a dual trans-
port system. By contrast, the uptake of taurine in the
presence of a KCl gradient (pH_,, =pH;,=7.5) ex-
hibited simple diffusion properties that were propor-
tional to medium concentration of taurine under these
conditions (not shown). We calculated the uptake of
taurine in the presence of a Na*-gradient alone, but for
the sake of clear visualization the uptake values ob-
tained at low taurine c ion (0.01-0.20
mM) are ploited in Fig. 2A, and a relatively high
medium concentration (0.2-10.0 mM) is given in Fig.
2B. The following kinetic parameters were obtained
from these data: K, =0.086 + 0.009 mM, K ,=3541
+048 mM, and ¥,,; =012 £ 003 and ¥, = 514 +
0.44 nmol /mg protein per 20 s.

Fig. 2C depicts the uptake of taurine at increasing
medium concentrations ranging from 0.010 to 10 mM in
the presence of a H*-gradient alone. It is apparent from
the curve that in the absence of Na*, the H* gradient
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Fig. 2. Cation-dependent uplake of taurine at increasing concentra-
tions by luminal membrane vesicles from pars convoluta. (Panel A)
Uptake of increasing concentrations of taurine in the presence of a
Na*-gradient alone. The results are given as the uptakes measured in
155 mM NaCl, 15 mM Hepes-Tris (pH 7.5) minus the upiakes in 155
mM KCL 15 mM Hepes-Tris (pH 7.5). The media contained 1 pM
[1,2-*H]taurine and various concentrations of unlabelicd taurine rang-
ing from 0.01 (0o 0.20 mM (final conceniration). (Panel B) The

i { iti were i the same as in Panel A
excepl thal the media contained 1 pM [1,2-*H}taurine and various
concentrations of unlabelled taurine ranging from 0.20 to 10.0 mM
(final concentration). (Panel C) Uplake of increasing concentrations
of taurine (linal concentration 0.01-10.0 mM) in the presence of a
H~-gradient alone. The results ate given as the uplakes measured in
155 mM KCi, 15 mM Mes-Tris (pH 5.5) minus the uptakes in 155
mM KCl. 15 mM Hepes-Tris (pH 7.5). In the insel the results are
shown in an Eadic-Hofstee plot. V' represents the rate of Iransport at
substrate concentralion S. Results are given as mean values + 5.D. of
five experiments. In those cases where vertical bars are absent, stan-
dard deviations are smaller than the graphical representation

of the mean.

markedly ennanced the uptake of taurine in vesicles
from pars convolula. The kinetic parameters calculated
from these data were as follows: K, =2.87 +0.24 mM
and ¥, =11.54+1.20 nmol/mg protcin per 20 s.
Inset in the figure shows the Eadie-Hofstee analysis of
the experimental data and a straight-line relationship is
obtained for taurine transport, suggesting that the H*-
gradient dependeni uptake of the amino acid occurs via
a single transport system.

Effect of different newtral amino acids on the uptake of
taurine by luminal membrane vesicles from pars convoluta

The uptake of radioactive taurine (1 wM) in the
presence of a 129 mM NaCl gradient (pH;, = pH,,, =
7.5) and unlabelled neutral amino acids was measured
(not shown). The concentration of amino acids tested as
inhibitor was chosen to correspond 1o the half-satura-
tion constant for their renal transport [26,27-30). [t was
found that only addition of 8-alanine (2.7 mM) reduced
the uptake of taurine to 24.2 & 7.9% of the control value
(20 s uptake value). L-Alanine (2.1 mM), L-proline (0.57
mM), glycine (6.7 mM), and L-serine (3.7 mM) did not
significantly inhibit the influx of taurine (uptake 93.1 +
8.2%. 95.1+10.8%, 100.2 £ 10.0%, and 86.8 + 10.1%,
respectively). Furthermore, we investigated the effect of
above-mentioned amino acids on the H*-gradient de-
pendent transport of taurine (not shown), Here, NaCl
was replaced by KC1 (pH,, =35.5, pH,,=7.5). The
presence of f-alanine (3.9 mM), L-alanine (4.4 mM),
L-proline (0.54 mM), or glycine (3.9 mM) decreased the
uptake of taurine to 43.8 + 10.2%, 44.8 + 9.4%, 55.4 +
9.5%, 58.0 + 9.9%, respectively. On the other hand, L-
serine (3.7 mM) did not change the uptake (i.e. 96.9 +
6.9%). In both kinds of experiments, the gradient driven
uptake values given have been corrected for a passive
diffusion component. Results are given as mean values
=+ 8.D. of five experiments.

Pattern of taurine uptake by luminal membrane vesicles
[from pars recta

By the use of the spectrophotometric method [25] we
found that the rate of uptake of taurine in vesicles from
pars recta was a strictly Na*.dependent and electro-
genic process (not shown).

Fig. 3 describes the uptake of radioactive taurine by
luminal membrane vesicles from pars recta after incuba-
tion for different lengths of time in the presence of
various cation gradients. The transient accumulation of
tauring is only seen in the presence of Na*-gradient
atone (curve 1). Incubation at lower pH without H*-
gradient (curve 3) abolished the Na*-dependent ‘over-
shoot’ of taurine in vesicles from pars recta. We have
also studied the effect of combined gradient of Na*
and H* (pH,,=5.5, pH,;,=7.5) on the uptake of
tauring in vesicles from pars recta. The results of these
experiments showed that application of H*-gradient
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Fig. 3. Cation-dependent uptake of laurine by [uminal membrane
vesicles from pars recta as studied by Millipore filtration. 20 p! of
vesicle suspension prepared in 310 mM mannitol, 15 mM Hepes-Tris
(pH 7.5), were incubated at different lime intervals in 100 gl of
incubation mixture consisting of 155 mM NaCl in 15 mM Hepes-Tris
buffer (pH 7.5) (Curve 1 (®)), of 155 mM KCl in 15 mM Hepes-Tris
buffer (pH 7.5) {Curve 2 (M), or of 155 mM KCl in 15 mM Mes-Tris
(pH 5.5) (Curve 4 (O)). Curve 3 () shows the effect of Na*-gradient
dependent uptake of taurine at a low pH but in the ahsence of a H"
gradient (pH,, = pH, = 5.5). In these experiments the vesicles were
prepared in 310 mM mannitol, 15 mM Mes-Tris buffer (pH 5.5), and
incubated in 155 mM NaCl in 15 mM Mes-Tris (pH 5.5). Media
contained 0.2 pM [1.2-’Htaurine and unlabelled taurine reaching 75
M (final concentrations). Results are given as mean values+S.D. of
five experiments. In those cases where vertical bars are absenl. stan-
dard deviations are smaller than the graphical representation

of the mean.

drastically reduced the remal accumulation of taurine
(not shown).

In a series of experiments we found that the Na™-de-
pendent uptake of radioactive taurine at increasing
medium concentrations of the amino acid (0.01-10 mM)
by vesicles from pars recta was characterized by two
transport systems (not shown). The uptake of taurine in
the presence of a KCl gradient (pH;, = pH,,, =7.5)
showed simple diffusion properties. The Na*-gradient
driven uptake values of taurine, corrected for the passiv
diffusion component, resulted in the following kinetic
parameters: K, =0.012+0.005 mM, K _,=562+
0.55 mM, and ¥ ,,=0281003 and V, ,=415%
0.38 nmol/mg protein per 20 s.

Effect of different neutral amino acids on the uptake of
taurine in vesicles from pars recta

The effect of various neutral amino acids on the
Na*-dependent uptake of taurine in luminal membrane
vesicles from pars recta was studied (not shown). The
experimental conditions were the same as in pars con-
voluta. Only S-al {0.16 mM) reduced the uptake of
taurine compared to the uptake in the absence of test
compound (25.0 + 10.5%). No effect was observed with
L-alanine (0.24 mM), L-proline (0.16 mM), glycine (0.34
mM) or L-serine (0.37 mM) (i.e. uptake 90.1 + 11.2%,
80.5 £ 9.9%, 942+ 11.7%, and 99.7 +7.2%, respec-
tively.
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Anion dependence of taurine uptake by luminal membrane
vesicles from pars convoluta

The use of different anions results in a variation of
the membrane potential. Uptake in the presence of the
relatively impermeable anion, gluconate, would be ex-
pected to be markedly reduced as compared to the
uptake in the presence of a Cl -gradient since the
membrane potential is less negative and the transport of
taurine is an electrogenic process. Using NO; , which is
a more permeable anion, one would expect an increased
uptake of 1aurine because intravesicularly it is more
negatively charged. This is also the case if one examines
the Na'-dependent low-affinity and the H*-dependent
transport systems which confirm the electrogenicity of
these components (Table I). However, the uptake of
taurine at 1 pM is reduced again, indicating the pres-
ence of a high-affinity taurine transport system depen-
dent on both Na* and Cl~ ions. The same system was
found to be stimulated by potassium diffusion potential
caused by the presence of valinomycin (not shown).

Stoichiometry of Na*, H* and Cl~ dependent taurine
transport in vesicles from pars convoluta

Fig. 4A shows the results of a representative experi-
ment where the initial flux of 1 pM taurine was mea-
sured as a function of Na* concentration over the range
0 to 200 mM. The sigmoidal shape of the plot of taurine
uptake vs. sodium concentration suggests that more
than one Na* is associated with the transport process.
Fig. 4B shows two plots for the data of Fig, 4A assum-
ing n values of 1 and 2 (see calculations). The inset in
Fig. 4B shows a series of plots with values of n ranging
from 1.5 to 1.9. A value of n of 1.8 provided the best fit

TABLE [

Effect of anions on the uptake of taurine in luminal membrane vesicles
from pars convoluta

Vesicles were prepared in a solution containing 310 mM mannitol and
15 mM Hepes-Tris (pH 7.5). Measuring the Na*-dependent uptake of
taurine, the incubation media contained 15 mM Hepes-Tris (pH 7.5),
155 mM of one of the anions listed below. as Na* salt. 1 pM
[1.2-*HJtaurine and unlabelled taurine reaching the final concentra-
tion as shown in the table. Measuring the H*-dependent uptake of
taurine, the 1 iti were it the same as
mentioned above except that Na* is replaced by K* and the incuba-
tion media contained 15 mM Mes-Tris (pH 5.5). Solute uptakes at 20
s were normalized to uptake observed in the presence of NaCl or KClI,
respectively. Resulls are given as mean values+S.D. of five experi-
ments.

Anion Solute uptake eelative 10 that in C17 medium

Na *-dependent uptake H "-dependent uptake

TpM taurine 3 mM faurine | #M tavrine
a- 100 1.00 1.00
NO; 069£008 1264011  144:013
Gluconate 0284005  065:006 0133004
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Fig. 4. Effect of Na™* concentration on the uptake of taurine by luminal membrane vesicles from pars convoluta, Vesicles were preincubated in 15
mM Hepes-Tris buffer (pH 7.5), containing 100 mM KSCN, 700 mM mannitol and valinomycin at a concentration of 12.5 mg/g protein. The
incubation media contained 15 mM Hepes-Tris, 100 mM KSCN, 300 mM mannitol and various concentrations of NaCl ranging from 0 10 200 mM
{final concentration). Choline replaced sodium isosmotically to oblain the variovs sodium i studied, The ition of the stop
buffer was 15 mM Hepes-Tris (pH 7.5), 400 mM mannitol and 300 mM NaCl. The uptake was studied at two different concentrations of taurine.
All uplake values were corrected for uptake in the absence of a Na* gradient. (Pancl A) Plot of flux versus Na* concentration for 1 pM
[1.2-3Htaurine. (Panel B) Plots of flux/[Na*]” versus flux for n= 1 (@) and n =2 () for the high-affinity system (1 #M). The inset shows a
series of plots of flux/{Na* 1" againsi flux for different values of » ranging from 1.5 to 1.9. The units of [Na* ] are M. (Panel C) Plot of flux versus
Na* concentration for 1 pM [1,2-*H]taurine and unlabelled laurine reaching a final concentration at 3 mM. The curve shows the difference
beiween flux at 3 mM and 1 pM. (Panel D) Plols of flux/[Na* ] versus flux for # = 1 (@) and # = 2 () for the low-affinity system (3 mM minus
1 gM). (Panel E) Double-logarithmic {Hill-type) plot. F is the uptake at a given Na* concentration and F, is the maximal uptake at the saturating
Na' concentration (the intercept of the regression line with the abscissa in Panel D). The resulls shown are from a representalive
experiment (n = 4).

to these data, suggesting that approx. two Na* ions are In order to study the coupling ratio of Na* to both
involved in the translocation of taurine in vesicles from the high-affinity and low-affinity transporters we mea-
pars convoluta. sured the initial flux of 1 puM and 3 mM taurine. It
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Fig. 5. Effect of H* gradicnt (extravesicular > intravesicular) on the
uptake of taurine by luminal membrane vesicles from pars convoluta.
The vesicles were preincubated with 155 mM KCl in 15 mM Hepes-
Tris (pH 7.5). The incubation media contained 0.6 M [1.2- *Htaurine
and 155 mM KCl in various Hepes-Tris or Mes-Tris buffer solutions
with pH ranging from 7.5 to 5.0. The quantities plotted in the figure
are the H* gradient dependent component of flux. ie. all uptake
values were corrected for the uplake in the absence of a H* gradient
(pH,, = pH,, = 7.5). Plots of flux/{H" ) vs. flux for n=1 (W) n=2
(D)) are shown. The results shown are from a representative expert-
ment (7= 4).

appears from the Figure that the apparent K, for the
overall transport of taurine with respect to Na* de-
pends on the taurine concentration. The initial fux
measurements of radioactive taurine carried out at 1
#M concentration in the medium represent the trans-
port of this amino acid mediated predominantly by a
high-affinity system, whereas the influx values obtained
at 3 mM taurine concentration may represent both the
high-affinity and low-affinity transport of this com-
pound. An attempt is made to assess the low affinity
component of taurine by subtracting the activity of the
high-affinity component from the total Na*-dependent
transport activity at different concentrations of Na*

Fig. 6. Effect of Cl~ concentralion on the uptake of taurine by
luminal membran: vesicles from pars convoluta. Vesicles were prein-
cubated in 20 mM Hepes-Tris buffer (pH 7.5). containing 180 mM
K. 50 mM N and vali in at a

tion of 12.5 mg/g protein. The incubation media contained 50 mM
Na-gluconate, 1 pM [1,2-’HJiaurine and various concentrations of
N-metyl-n-glucamine chloride ranging from 0 to 200 mM (final con-
centration). Sulphate replaced chloride isosmotically to obiain the
various chloride concentralions studied. Uptake measnred in the
absence of chloride was subtracted from all poinis. The composition
of the stop bhuffer was 20 mM Hepes-Tris (pH 7.5), 200 mM mannitol
and 300 mM NaCl. {Panel A) Plot of flux versus Cl~ concentralion.
{Panel B) Plots of flux/[C17}" versus flux for n=1 (®) and n=2
{©). The units of {C17] are M. (Panel C) Double-logarithmic (Hill-
type) plot. F is the uptake at a given chloride concentration and £,
is the maximai uptake al a saturating chloride concentration (the
intercept of the regression line with the abscissa in Panel B). The

results shown are from a representative experiment (2 = 4).
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(Fig. 4C). The vorrected flux values show a Michaelis-
Menten type dependence on Na* concentration. Fig.
4D indicates that an n value of 1 provides the best fit
to these data. The experimental data are reanalyzed in
Fig. 4E on a log-log (Hill-type) plot. The numerical
value of the slope of the least-squares fit to these points
which gives the Na*/taurine stoichiometry is 0.98 +
0.06, aguin indicating a 1: 1 interaction.

The stoichiometry of the H'/taurine cotransport
system was also investigated (Fig. 5). The initial fux of
taurine was measured in the presence of different mag-
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nitudes of the H -gradient (exiravesicular > intravesic-
ular). It is seen that assuming n=1 a straight line
relationship between flux/[H*]" against flux is ob-
tained, suggesting that one H* ion may be involved in
the translocation of taurine in thesc vesicle prepara-
tions.

The stoichiometry of the Nz*/taurine cotransporl
mechanism for chloride was determined (Fig. 6). The
Cl -dependent taurine transport shows a Michaelis-
Menten type dependence, indicating a 1 C17 : 1 taurine
stoichiometry (see Figs. 6A and 6B). Fig. 6C shows a
log-log (Hill-type) plot. The numerical value of the
slope of the least squares fit to these points which gives
the CI™ /taurine stoichiometry is 0.99 + 0.01, again indi-
cating a 1:1 interaction.

Anion dependence of taurine uptake by luminal memhrane
vesicles from pars recta

Table II shows the effect of various sodium salts on
the uptake of taurine at a concentration of 1 pM and 1
mM. The results show, as also seen in pars convoluta,
the presence of a high-affinity taurine transport system
dependent on both Na*' and Cl- (and stimulated by
potassium diffusion potential caused by addition of
valinomycin, not shown), whereas the low-affinity
Na*-dependent taurine uptake is not alfected by C1™.

Stoichiometry of Na* and Cl ~-dependent taurine trans-
port in vesicles from pars recta

Initial flux rates of 1 uM and 1 mM taurine were
measured as a function of sodium concentration. Fur-
thermore, the stoichiometiry of the Na*/taurine
cotransport mechanism for chloride was investigated.
Similar types of curves were obtained with the pars
recla as those with the pars convoluta presented in Figs.
4 and 6, indicating the following coupling ratio: 1.8
Na*:1 Cl”:1 taurine (high affinity) and 1 Na*:1
taurine (low affinity) (not shown).

TABLE 11

Effect of anions on the svdium-gradient dependent uptake of taurine in
iuminal membrane vesicles from pars recta

Vesicles were prepared in a solution containing 310 mM mannito! and
15 mM Hepes-Tris (pH 7.5). The incubation media contained 15 mM
Hepes-Tris {(pH 7.5), 155 mM of one of the anions listed below, as
Na* salt, 1 gM [1,2-*H]taurine and unlabelled taurine reaching the
final concentration as shown in the table. Solute uptakes at 20 s were
normalized to uptake observed in the presence of NaCl. Results are
given as mean values £ S.D. of five experiments.

Discussion

In this communication, we demonsirate the presence
of multiple transport systems for the uptake of taurine
in highly purified membrane vesicles from pars con-
voluta and pars recta. In contrast to previous reports
[5.8-13], the upiake of taurine in vesicles from pars
convoluta was found to be mediated by two Na™-de-
pendent and one Na*-independent, but electrogenic
processes. The Na*-dependent transport of taurine oc-
curred via a dual transport system, namely a high-affin-
ity (half-saturation 0.086 mM) and a low-affinity system
(half-saturation 5.41 mM). The K,, value for the high-
affinity system found in our vesicle preparations is in
good agreement with the K, values (0.023-0.042 mM)
found in rat renal cortex brush-border membrane
vesicles by various investigators [5,10,12,13]. However,
it should be noted that these measurements were per-
formed on vesicles prepared from whole cortex. Fur-
thermore, we have demonstrated that an inwardly di-
rected H*-gradient enhance both the Na*-dependent
and Na*-independent components of taurine transport.
The Na*-dependent initial and maximal uptake was
increased in the presence of a H*-gradient. In the
absence of Na*, H™-gradient was able to drive uphill
transport in membrane vesicles from pars convoluta
(curve 1 of Fig. 1B). These findings strongly indicate the
presence of a novel H*-dependent transport system.
Evidence for a similar proton gradient-dependent trans-
port component has recently been reported for the
uptake of i-proline [28], L- and D-alanine [26,31), 8-
alanine [29] and glycine {27] in luminal membrane
vesicles from pars convoluta of rabbit proximal tubule.

In contrast to the above-mentioned findings, the
uptake of taurine in vesicles from pars recta was strictly
dependent on Na™ and mediated by a high-affinity
(half-saturation 0.012 mM) and a low-affinity (hali-
saturation 5.62 mM) transport system. Therefore, it is
interesting to note that the substrate specificity at low
concentrations of taurine is different from that of pars
convoluta. Since the plasma concentration of taurine is
normally 50 zM, it is reasonable to assume that the
filtered taurine is predominantly reabsorbed by the
high-affinity transport system in both segments of the
proximal tubule. Lowering pH without a H*-gradient
completely abolished the Na*.dependent transient ac-
cumulation of taurine and superposition of a H*-gradi-
ent (extr > intr ) drastically reduced
the uptake of taurine in vesicles from pars recta. This
phenomenon has also been reported for S-alanine {29]
from this laboratory, and we have proposed that the

of the transport activity at pH 5.5 is based on

Anion Solute uptake relative to that in Ci ™ medium 3
1 1M taurine 1 mM taurine T

Ci- 1.00 1.00

NOy 0.48.£0.09 1.36+0.17

Gluconate ¢.10£0.04 0.52+£0.08

in the prolonation state of some critical amino
acid residues involved in the translocation of B-amino
acids. [ncidentally, these results exclude any major con-

t ion of pars recta with membrane fragments from



pars convolula. Also. these findings emphasize the im-
portance of the use of highly purified luminal mem-
brane vesicles from the two anatomically distinct seg-
ments of proximal tubule in studying the mecharism of
various solute transporls along the nephron.

In order to characterize further the taurine transport
systems, we studied the effect of different amino acids
on the uptake of taurine in vesicles from pars convoluta
and pars recta of rabbit proximal tubule. In pars con-
voluta, competition cxperiments showed only inhibition
of the uptake of taurine by the Na*-gradient dependent
high-affinily transport system in the presence of §-
alanine, whereas thcre was no appreciable inhibition
with a-amino-acids (L-alanine. L-proline. glycine and
r-serine). These observations suggest. as previously
demonstrated in vivo and in vitro studies [5,8-13,32-34],
the existence of a Na*-dependent B-amino-acid-specific
transport system. By contrast, we found that the H*-
gradient dependent uptake of taurine was reduced to
approx. 50% in the presence of g-alanine, L-alanine.
L-proline and glycine. There was no effect of L-serine.
Accordingly, we aave previously shown that the uptake
of L-serine in vesicles from pars conveluta and pars
recta was strictly Na*-dependent [30]. In vesicles from
pars recta, the uptake of taurine by the Na'-dependent
high-affinity transport system was drastically reduced
by B-alani while addition of L-al L-proline,
glycine and r-serine had no significant effect, As in pars
convoluta, the competition experiments indicate the ex-
istence of a Na*-dependent B-amino-acid-specific
transport system in vesicles from pars recta.

1t has previously been reporied that the Na*-depen-
dent uptake of B-amino acids by renal brush-border
membrane vesicles from rat, rabbit and dog [11-14]
specifically required C1°. Therefore, we have investi-
gated the anion dependence of taurine uptake in both
segments of the proximal tubule. We found that only
the Na*-dependent high-affinity transport system was
stimulated by Cl1~, whereas there was no effect on the
low-affinity transporter both in pars convoluta and pars
recta. Nor was there any effect of C1~ on the H*-de-
pendent transport of taurine in pars convoluta. At-
tempts to calculate the stoichiometry of the Na*/C1™ /
taurine, Na*/taurine and H'/taurine transporters
located in pars convoluta and pars recta by using the
‘activation method’ showed 1.8 Na*:1 C1™ :1 taurine
(Na*-dependent, high affinity), ! Na*:1 taurine
(Na*.dependent, low affinity) and 1 H* : 1 taurine. The
2 Na*:1 Cl™:1 taurine cotransport mechanism is in
good agreement with earlier studies in renal brush-
border membrane vesicles from rabbit [14] and dog [11]
outer cortex or from whole cortex of rat [12,13]. It is
known [23] that the ‘activation method” does not dis-
tinguish whether the stimulation produced by these ions
is a result of cotransport with taurine (energetic cou-
pling) or interaction with the carrier in some cther way
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which leads to an enhancement of the uptake of taurine
(catalytic coupling). However, Wolff and Kinne {14]
have demonstrated in rabbit renal outer cortical brush-
border membrane vesicles that taurine translocation is
energetically activated by Cl °; ie. that C1™ is cotrans-
ported, even though a Cl™-gradient alone was unable to
produce an overshoot. Furthermore. we found that both
the Na'-dependent and Na*-independent transport of
tauring in various preparaticns is an electrogenic pro-
cess (taurine ts predominantly a zwitterion at pH 7.5).
Consequently, it is reasonable to conclude that one
H*and approx. two Na*, one C1~ or one Na*, respec-
tively, are cotransported with taurine in the proximal
tubule of rabbit kidney with transfer of a net positive
charge.
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