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Abstract

The effect of the phosphatase inhibitor calyculin A (cal A) on the kinetic parameters of the Na*-coupled taurine uptake
via the taurine transporter in the Ehrlich ascites tumour cells has been investigated. Preincubation with cal A (100 nM)
reduces the initia taurine influx by about 20%, but has no effect on the diffusional component of the taurine influx or on the
taurine release from cells suspended in isotonic or in hypotonic medium. Thus, cal A-sensitive phosphatases only affect
taurine transport mediated by the Na*-dependent taurine transporter. Cal A increases the Michaglis—Menten constant for
binding of taurine to the transporter from 31 + 6 to 45 + 4 uM and reduces the taurine transport capacity from 210 4+ 20 to
170 + 10 pmol X g dry wt~* X min~. The Michaelis-Menten constant for binding of Na* to the taurine transporter is
concomitantly increased from 96 + 11 to 129+ 8 mM and the Na*:taurine coupling ratio for activation of the transport
cycle is reduced from 3.3 + 0.6 to 2.4 4+ 0.2. This suggests that cal A-sensitive phosphatases maintain a high affinity of the
taurine transporter towards Na* and taurine as well as a high taurine transport capacity in unpertubated Ehrlich cells.
© 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction in the extracellular osmolarity constitutes 30% of the
total loss of osmolytes [4]. The high intracellular
concentration of taurine in Ehrlich cells is maintained
by the B-amino acid transporter ( B-system, taurine
transporter), which has a high affinity for taurine
(K, =60 wM) [5] but a low transport capacity

: , : (Jyax = 450 pmol X g dry wt~* X min~?) [5]. Anions
rine concentration has been estimated a 53 mM [2]. are required for taurine influx via the taurine trans-

_Talljrig_e hash a rellngef of import_ant b ollogical functiorr:s porter with the following preference Cl~> SCN™>
including the role of an organic osmolyte[1,3]. In the NO3 [5]. In the Ehrlich cells the initial taurine influx

Eh(;”f]h cellls, cellf SNe!”n% Isltimglateﬁ tagjrinsdeff!ux is totally Na*-dependent and the Na*:taurine cou-
and the net loss of taurine following a 50% reduction pling ratio for initiation of taurine influx has been

estimated at 2:1 at 100 uM extracellular taurine [5].
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Taurine (2-aminoethanesulfonic acid), a
widespread sulfur containing amino acid, is highly
concentrated in cells of skeletal and heart muscle and
in cells of the mammalian nervous system [1]. In
Ehrlich mouse ascites tumour cells, the cellular tau-
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border membranes [6], in rabbit jejuna brush border
membranes [7], and in a human kidney proximal
tubule cdl line [8].

Taurine uptake in Ehrlich cells is reduced follow-
ing depolarisation of the cell membrane, acidification
of the extracellular medium [9], and following os-
motic shrinkage [10]. Phosphorylation of the taurine
transporter or a regulator of the transporter by protein
kinase C (PKC) has also been shown to reduce the
taurine influx in the Ehrlich cells [11], in the human
choriocarcinoma cell line (JAR, see Ref. [12]), in
human colon cells (HT-29, Caco-2, see Ref. [13)),
and in rat astrocytes [14]. In the case of the Ehrlich
cells it has been suggested that the taurine transporter
appears in three states: state I, state 11, and state 111
exhibiting low, normal, and high transport activity,
respectively [11]. Transition from state Il to state |
is mediated by PKC, whereas, the reverse transition
is mediated by cal A-sensitive phosphatases [11].
Furthermore, transition from state Il to state Il
requires an elevation of the intracellular CAMP con-
tent [11]. The taurine transporter has been suggested
to be retained in state | following inhibition of cal
A-sensitive phosphatases [11].

The present paper focuses on the effect of ca
A-sensitive phosphatases on the kinetic parameters of
taurine transport in the Ehrlich cells. It is demon-
strated that inhibition of dephosphorylation retains
the taurine transporter in a state with low transport
activity (state |) where its apparent affinity towards
Na* and taurine, its transport capacity, and the cou-
pling ratio between Na* and taurine are reduced
compared to a state with normal transport activity
(state I1).

2. Materials and methods
2.1. Céll suspension

Ehrlich ascites tumour cells (hyperdiploid strain),
grown by weekly intraperitoneal inoculation of fe-
mae NMRI (Naval Medical Research Ingtitute) mice,
were harvested in standard medium containing 2.5
IU X ml~* heparin. Cells were washed twice in stan-
dard medium without heparin by centrifugation (700
X g, 45 s) and finally resuspended in standard
medium at a cytocrit of 4—6%. Before any further

treatment the cells were incubated for 30 min at
37°C. All experiments were carried out at 37°C.

2.2. Inorganic media

The standard medium contained: 143 mM NaCl, 5
mM KCI, 1 mM CaCl,, Na,HPO,, and MgSQO,, 3.3
mM 3-( N-morpholino)propanesulfonic acid (MOPS),
N-tris-(hydroxymethyl)methyl-2-aminoethanesulfonic
acid (TES) and N-(2-hydroxyethyl)-piperazine-N'-
(2-ethanesulfonic acid) (HEPES). Nagluconate
medium was prepared by substitution of gluconate
for CI™. In media containing between 20—-150 mM
Na*, N-methyl-p-glucamine chloride (NMDG) was
substituted for NaCl. In experiments with increasing
extracellular concentrations of taurine (10 uM-2
mM), taurine was added from a stock solution pre-
pared in standard medium. Hypertonicity was in-
duced by addition of one part concentrated sucrose
medium (54.6-209.5 g sucrose X | medium™?!) to
five parts standard medium. Hypotonic medium with
half of the original osmolarity was prepared by dilu-
tion of the standard medium with buffered water. All
solutions used to change the osmolarity of the cell
suspension contained the same concentration of
buffers as described above. All media were adjusted
to pH 7.4 by addition of NaOH at room temperature.

2.3. Estimation of initial taurine influx

The initial taurine influx J.,, (pmol X g dry wt™*
x min~!) was caculated as the rate constant (g
medium X g dry cell wt=*x min~*) of *C-taurine
influx times the medium taurine concentration ( wmol
X g medium~? as previously described [11]). In brief,
C-taurine 0.16 wCi X ml~* was added to the cell
suspension at time zero and five samples (1000 wl)
of the cell suspension were drawn with 1 min inter-
vas. The samples were centrifuged (15000 X g, 45
S) to separate cells and extracellular medium. Wet
weight was estimated, the cell pellet dissolved in
water, the medium diluted with water, and the pro-
teins precipitated by addition of perchloric acid (final
concentration 7%). The dry weight was estimated
from the perchloric acid precipitate, which constitutes
the cell dry weight X 1.30 [15]. The **C-taurine activ-
ity was estimated by scintillation counting. Cellular
C-taurine activity was calculated by subtracting ex-
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tracellular trapped “*C-taurine activity according to
the method of Hoffmann et al. [16] using *H-PEG
instead of *H-inulin as the extracellular marker. The
rate constant of the initia “C-taurine influx was
calculated as the slope of alx(a%)~! plotted vs.
time, where a is the cellular *'C-taurine activity at
time t (DPM X g dry wt™*) and a2, is the “C-taurine
activity in the medium at time zero (DPM X ml~?) as
estimated by extrapolation of the amount of “*C-
taurine activity in the extracellular medium at the five
time points.

A variation of the taurine influx experiment de-
scribed above was used in experiments with reduced
extracellular Na™ concentrations. In this case the
cells were washed by centrifugation (700 X g, 45 s),
and resuspended in the medium with the desired Na™
concentration just before initiation of the influx ex-
periment. **C-taurine (0.16 wCi x ml~*) was added
to the cell suspension at time zero and duplicate
samples were drawn at 5 min. **C-taurine and *H-PEG
activity was correlated with cells and extracellular
media as indicated above. The initial taurine influx
Jio» Which is linear within the first 5 min [11], was
calculated as a2 x (&%) ~* X [tau] X 571, where & is
the *C-taurine activity in the cellsat 5 min (DPM X g
dry wt=! x 5 min), &0, is the **C-taurine activity !
(DPM X ml~1) in the extracellular medium at time
zero and [tau] is the initial taurine concentration
( wmol X ml medium™1) in the extracellular medium.
To estimate the initial taurine influx at different
taurine concentrations cells suspended in standard
medium were directly transferred to new flasks con-
taining the “*C-taurine (0.16 wCi X ml~%) plus unla-
belled taurine. Sampling was carried out as described
for experiments with varying extracellular Na* con-
centrations.

2.4. Estimation of initial taurine efflux

The initial taurine efflux from Ehrlich cells was
estimated as described by Lambert and Hoffmann
[17]. In brief, Ehrlich cells (cytocrit 6%) were loaded
with **C-taurine (0.5 wCi X ml cell suspension™?)
for 60 min. For initiation of the efflux experiment, 1
ml of the cell suspension was gently packed by
centrifugation (770 X g, 1 min) in anylon tube (i.d. 3
mm). The part of the tube containing the packed cells
was cut free and the cells were flushed into 8 ml of

Nagluconate efflux medium (time zero). Seven sam-
ples were taken within the first minute for estimation
of *C-taurine activity in the extracellular medium.
The samples were centrifuged through silicone oil (1
part 200 DC20 to 10 parts AR 200) to separate the
cells and the extracellular medium. At the end of the
efflux experiment double samples were taken from
the efflux flask to estimate the protein content using
BSA standards [18]. The rate constant for the initial
taurine efflux (ml cell water X g dry wt™* X min~1)
was estimated as the slope of the plot (a!, — a2,) X
(a9~ vs. time (see Fig. 3) multiplied by the cell
water content (ml cell water X g dry wt~1), where a,
and a are the C-taurine activity (DPM x ml
medium™*) of the extracellular medium at time t and
zero, respectively, and a2 is the intracellular *'C-
taurine activity (DPM X g dry wt™') at time zero.

25. Estimation of the cell volume, Na* and
C-taurine gradient

The cell volume was estimated as the mean water
content (ml cell water X g dry wt™1), corrected for
extracellular trapped medium (see above), during the
5-min influx experiments. The concentration of Na*
[Na*] was estimated from duplicate samples of the
media and the cells after precipitation with PCA (see
above), using a Perkin-Elmer 2380 atomic absorption
spectrophotometer. The intracellular Na™ concentra-
tion was estimated as mmol Na'Xx | cell water—!
after correction for extracellular trapped Na*. The
Na*™ gradients were calculated as the extracellular
Na* concentration (mmol X | medium~1) divided by
the intracellular Na* concentration (mmol X | cell
water ~1). For estimation of the **C-taurine gradient,
C-taurine (0.16 1Ci X ml medium~*) was added to
the cell suspension at time zero, and duplicate sam-
ples taken at 10, 20, 30, and 60 min. The **C-taurine
gradient at time t was calculated as the intracellular
¥C-taurine activity (a', DPM x ml cell water™?)
divided by the extracellular **C-taurine activity (a,,
DPM X ml medium™1).

2.6. Estimation of the cellular taurine concentration
by high pressure liquid chromatography

The taurine content in the Ehrlich cells was esti-
mated by a standard OPA derivatisation procedure



338 J. Mollerup, |.H. Lambert / Biochimica et Biophysica Acta 1371 (1998) 335-344

followed by HPLC separation [19]. The cellular con-
centration of taurine was calculated from the taurine
content ( wmol X g dry wt™!) and the water content
(ml X g dry wt™1).

2.7. Chemicals

Ca A (Alamone, Jerusalem, Israel) was prepared
in 96% ethanol (20 wM) and kept under a nitrogen
atmosphere at — 20°C. C-taurine and *H-polyethyl-
eneglycol (DuPont, NEN, Kastrup, Denmark) were
diluted in influx media just before use. NMDG,
MOPS, TES, HEPES, ortho-phtaldehyde (OPA),
bovine serum albumin were obtained from Sigma (St.
Louis, MO). Sucrose was from BDH (Poole, Eng-
land). Silicone oil 200 DC 20 (Bie and Berntsen,
Copenhagen, Denmark) and AR 200 (Serva, Heidel-
berg, Germany) were mixed 1:10 (w/w) and stored
at room temperature.

2.8. Equations

The maximal transport rate of initia taurine trans-
port (J,.), the Michaelis—-Menten constant for the
apparent taurine binding (K,,,) to the taurine trans-
porter as well as the rate constant for the non-satura-
ble influx (k) were calculated according to Eq. (1).

Jax - [taU]

I e + Kairs - [tau] (1)

Eq. (2) is a Hill type equation and according to
Turner [20], an approximation of the numbers (n) of
essential cooperative activator binding sites per sub-
strate transport can be found by fitting the influx data
to this equation. K, is the Michaelis-Menten con-
stant for the apparent binding of Na* to the taurine
transporter and J, is the maximal taurine transport
rate at an extracellular taurine concentration [tau] of
10 uM.

J,- [Na]"
Ji = n n
(Kna) + [Na']

()

It is emphasised that this method only gives an
estimate of the stoichiometric coupling of Na* to
taurine since it does not distinguish between catalytic
and energetic activation [20], i.e., it only describes

the number of Na* needed for initiation of one
transport cycle, whereas, the number of Na* cotrans-
ported with taurine could be different.

2.9. Satistics

All results are given as mean + SEM of at least
three independent experiments. When t-tests were
performed, the data fulfilled the criteria of no differ-
ence in variance and the data were norma dis-
tributed. Unless otherwise stated a two-tailed signifi-
cance level of 0.05 was used.

3. Resaults

3.1. Effect of calyculin A on the initial taurine influx
and on the cell volume of Ehrlich cells

Ca A inhibits protein phosphatases of type PP1,
PP2A and PP3 [21], and we have previously shown
that exposure to cal A significantly reduces the initial
taurine influx in Ehrlich cells [11]. This is confirmed
in Fig. 1A, where it is seen that addition of ca A
(100 nM) to cells suspended in isotonic medium
significantly reduces the initia taurine influx by ap-
proximately 20%. From Fig. 1B, it is seen that cal A
treatment of the Ehrlich cells suspended in isotonic
medium also leads to a significant cell swelling.
However, if the Ehrlich cells are suspended in hyper-
tonic medium with a high concentration of sucrose
(349 gx 171, which in itself reduces the initial
taurine uptake, then addition of cal A (100 nM) has
no effect on neither the initial taurine influx (Fig. 1A)
nor the cell volume (Fig. 1B). To test whether the
effect of ca A on the initial taurine influx under
isotonic conditions is secondary to the concomitant
cell swelling, we adjusted the cell volume in the cal
A-treated cells by adding a small amount of sucrose
to the extracellular medium. In Table 1, it is seen that
addition of cal A (100 nM) to Ehrlich cells suspended
in a hypertonic medium with a low concentration of
sucrose (9.1 g X 171) results in a cell volume that is
just below the cell volume of cells suspended in
isotonic medium and a concomitant reduction in the
initial taurine influx. Since there is a linear correla
tion between cell shrinkage in hypertonic medium
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175 'A and the reduction in the initial taurine influx [10], we
o 150} Z EZTtéﬁ'nnA plotted the cell volumes vs. the flux values of cells
3 E o5l y suspended in isotonic and hypertonic media with no
5{ _TT cal A. Using this curve and the cell volume of the
3 100 F sucrose plus cal A-treated cells we estimated a theo-
&S 75T retical value of the initial taurine influx. The theoreti-
S x 50} cal value for the initial taurine influx in cells having a
=gl cell volume of 3.65 ml water x mg dry wt™! is
- 90+ 6 pmol X g dry wt™* X min~! (see legend to
0 Table 1). This value is significantly larger than the
6.0 experimentally estimated value, i.e.,, 79 + 5 pmol X g
B dry wt=1 x min~! (Table 1), indicating that the cal
< 50f A-induced inhibition of the initial taurine influx in
° ; 40k Ehrlich cells is not secondary to the cal A-induced
£§% cell swelling.
S x 30f
T2
©g 20f 3.2. Effect of calyculin A treatment on the gradients
E qof of Na* and “C-taurine in Ehrlich cells
0.0

The ca A-induced inhibition of the initial taurine

Isotoni i i
sotonic influx could be secondary to a reduction of the Na*

Hypertonic

Fig. 1. Effect of cal A on the initial taurine influx (panel A) and
cell volume (panel B) in Ehrlich cells suspended in isotonic and
in hypertonic medium. Cells were incubated for 0.5 min with cal

gradient, i.e., the driving force for the Na*-coupled
taurine uptake. From Fig. 2A, it is seen that treatment
of Ehrlich cells with cal A (100 nM) significantly

A (100 nM, hatched bars) before dilution with hypertonic sucrose
medium (final concentration 34.9 gx| medium~1) or isotonic
medium. Data are from at least three independent experiments,
and given as means+ SEM. The effect of ca A on the initial
taurine influx and on the cell volume is significant in isotonic
medium.

increases the gradient for Na*, and that the effect of
cal A on the Na* gradient is evident at the time of
the first sample (10 min) and does not change within
the 60-min experimental period. Fig. 2B shows that
in the control cells the **C-taurine gradient increases

Table 1
Effect of cal A on the initial taurine influx in Ehrlich cells with cell volume adjusted close to isotonic cell volume by addition of a low
dose of sucrose

Cell volume (ml X mg dry wt—1) Initial taurine influx (pmol X g dry wt~% X min~1)

I sotonic 3.85+0.02 103+ 5
Low hypertonic 3.47 + 0.03 (0.001) 80 + 6 (0.009)
Low hypertonic + cal A 3.65 + 0.03 (0.04) 79 + 5(0.04)

Cell volume and initial taurine influx were estimated as described in Section 2. Cal A (100 nM) and/or sucrose (final concentration 9.1 g
sucrose X | medium™1) were added to the cell suspension 1.5 min and 1 min before initiation of the taurine influx experiment,
respectively. Due to the linearity between cell volume and initial taurine influx [10], it is possible to calculate the initial taurine influx
corresponding to a certain cell volume. The mean + SEM from three independent experiments of the initial taurine influx, corresponding
to the cell volume of sucrose plus cal A-treated cells, i.e., 3.65 ml water X g dry wt™%, is 90+ 6 pmol X g dry wt™ X min~! as
estimated from the cell volume and the initial taurine influx in the control cells and in cells treated with sucrose. The difference in influx
between the calculated, theoretical value, and the observed value, calculated from each set of experiments and tested against zero
difference (i.e., no effect of cal A) is significant (P = 0.007, one sample, two-tailed t-test). The data in the table are taken from five
different experiments (three independent sets of experiments). P-values (different from isotonic) are indicated in the parentheses.
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Fig. 2. The effect of cal A on the Na* gradient (panel A), the
C-taurine gradient (panel B), and the cell volume (panel C).
Ehrlich cells were incubated in standard medium in the absence
(open bars) or presence of cal A (100 nM, hatched bars).
Duplicate samples were taken at 10, 20, 30 and 60 min. Data
from panels A, B and C are from the same four independent
experiments. The Na® gradient is given as the extracellular
concentration divided by the intracellular concentration. Values
within the control series and within the cal A-treated series do
not significantly differ (P > 0.5). The overall mean+ SEM of the
Na* gradient at 10, 20, 30, 60 min in control cells (3.84+0.2)
and in cal A-treated cells (5.14+0.2) are significant different
(P =0.004). The taurine gradient was estimated as the intra-
cellular concentration of **C-taurine (DPM xml cell water—1)
divided by the extracellular concentration (DPM X ml medium™1).
The *C-taurine gradient was significantly reduced by cal A at
time 10, 20, and 30 min (P < 0.02), and significantly reduced at
60 min (P = 0.04, one sided, unpaired t-test). The cal A-induced
cell swelling is given as the increase in cell volume in percent of
the cell volume of control cells. The cal A-induced cell swelling
is significant larger than zero (P = 0.005).

rapidly, reaching a plateau close to 400 at about 30
min following the addition of the isotope, whereas
the “*C-taurine accumulation is severely reduced in
the presence of cal A and no plateau is reached
within the 60-min experimental period. Cell swelling
leads in itself to a reduction in the intracellular Na*
concentration and thereby an increased Na* gradient.
However, as seen from Fig. 2C, the cal A-induced
cell swelling is of a magnitude of 8% during the
60-min time course, which does not explain the 35%
(legends to Fig. 2A) increase in the Na* gradient.
Thus, athough the Na* gradient is enhanced in cal
A-treated cells the efficiency by which the cells build
up a “*C-taurine gradient is impaired. It is noted that
the cal A-induced cell swelling (Fig. 1B) most proba-
bly is due to activation of the Na*, K*, 2Cl~ co-
transporter which promotes an uptake of salt and
water [22]. Since Na® taken up by the Na*, K,
2CI~ cotransporter recycles through the Na®, K™
pump [23] it is likely that the activation of the Na™,
K™, 2Cl~ cotransporter by ca A results in stimula
tion of the Na™, K* pump which could lead to the
steeper Na*™ gradient (Fig. 2A).

020 Hypotonic

0.16 |
0.12 a]

0.08 1 Isotonic

Taurine efflux
( relative activity )

0.04 } o

000 1 1 1 I 1
0.0 0.2 0.4 0.6 0.8 1.0

Time (min)

Fig. 3. Effect of cal A on the initia taurine efflux from Ehrlich
cellsin isotonic (circles) and hypotonic (squares) medium. Cal A
(100 nM, closed symbols) was added 2 min before initiation of
the efflux experiment. Taurine efflux is given as the difference
between the *C-taurine activity of the extracellular medium at
time t and zero divided by the intracellular **C-taurine activity at
time zero (see Section 2). The rate constants (ml cell water X g
dry wt=!xmin~1) were estimated at 0.18+0.04 (isotonic con-
trol), 0.1840.01 (isotonic with cal A), 1.46+0.09 (hypotonic,
control) and 1.24+0.03 (hypotonic with cal A). Cal A has no
significant effect on the rate constant for taurine efflux from cells
in isotonic medium (P = 1.0) or in hypotonic medium (P = 0.2)
in a two-tailed, paired t-test (three independent experiments).
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Fig. 4. Effect of cal A on theinitial taurine influx in Ehrlich cells
at increasing extracellular taurine concentrations. The extracellu-
lar Na* concentration was 150 mM and the extracellular taurine
concentration varied between 5 and 2100 wM. Ca A (100 nM,
closed circles) was added 1.5 min before initiation of the taurine
influx experiment. Data from three independent experiments are
plotted as means+ SEM and fitted to Eq. (1). If not visible, the
error bars are within the symbol. The lines representing the best
fit to Eq. (1) are drawn. J,,,, K, ad kg values are given in
Table 2.

3.3. Calyculin A has no effect on taurine release

To delineate if the diminished *C-taurine gradient
induced by cal A is secondary to an increased taurine
permeability, we estimated the rate constant for **C-
taurine efflux and the cellular taurine concentration in
Ehrlich cells preincubated with cal A as well as in
control cells. In Fig. 3, it is confirmed that the initial
taurine efflux from Ehrlich cells is increased follow-
ing transfer to a hypotonic medium. However, prein-
cubation with cal A (100 nM) does not affect the
release of **C-taurine from cells suspended neither in
the isotonic nor in the hypotonic media. The intra-
cellular concentration of taurine in Ehrlich cells, esti-
mated by HPLC, is40 + 1.2 mM in control cells and

36+ 1.4 mM in cells preincubated for 60 min with
ca A (100 nM) (values are not significant different,
two-tailed, paired t-test, n=4). Thus, ca A has no
effect on the steady state taurine gradient from Ehrlich
cells, indicating that the effect of ca A on the
“C-taurine gradient is not secondary to a change in
the taurine permesability. It should be noticed that
even though cal A leads to a persistent cell swelling
(Fig. 2C) it does not stimulate the taurine release,
indicating that the taurine channel normally activated
by hypotonic cell swelling [17] is not activated under
isotonic conditions by the cal A-induced cell swelling.

3.4. Effect of calyculin A on the Na® to taurine
coupling ratio and the kinetic parameters of taurine
transport

The previous data indicate that cal A treatment
diminishes the efficiency of the taurine transporter in
the Ehrlich cells. To understand the mechanism
whereby ca A modifies the taurine transport in
Ehrlich cells we estimated the taurine transport ca-
pacity of the taurine transporter, the Michaelis—
Menten constants for taurine and for Na* binding to
the taurine transporter as well as the Na*:taurine
coupling ratio. Fig. 4 shows the initial taurine influx
at increasing concentrations of extracellular taurine in
the presence and in the absence of cal A (100 nM).
The best fit of these data was obtained by fitting each
experiment to the sum of a saturable influx compo-
nent and a non-saturable influx component (Eq. (1),
Section 2). For cells suspended in isotonic medium
Jmaxr Ky @Nd K Were estimated at 210 + 20 pmol
X gdry wt™tXxmin™!, 31+ 6 uM and 0.03 + 0.01
ml X g dry wt™* X min~?!, respectively (Table 2).
These values are comparable to previoudy reported

Table 2
Effect of cal A on the kinetic parameters of initia taurine influx in Ehrlich cells at 150 mM NaCl
Jnax (pmol X g dry wt=1 x min~1) Ky (M) Kgre (Ml X g dry wt™1 x min™1)
Control 2104+ 20 31+6 0.03 + 0.01
Ca A 170 + 10 (0.03) 45 + 4 (0.005) 0.04 + 0.01

The influx data from Fig. 4 are fitted to the sum of one saturable and one non-saturable component of initial taurine influx (see Eq. (1)).
The means of the maximal initial taurine influx (J,,) and Michaelis-Menten constant (K,,), as well as the rate constant for the
non-saturable component (k) are given + SEM from three independent sets of experiments. P-values (difference from control) are

indicated in the parentheses.
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Fig. 5. Effect of cal A on the initial taurine influx in Ehrlich cells
at increasing extracellular Na*™ concentrations. The extracellular
taurine concentration was 10 wM. The extracellular Na* concen-
trations were varied between 0 and 150 mM by substituting
NMDG™ for Na*. Cal A (100 nM, closed circles) was added 1.5
min before initiation of the taurine influx experiment. The esti-
mated Na® concentrations and the resulting initial taurine influx
of four independent experiments are plotted as means+ SEM, and
fitted to Eq. (2). The lines represent the best fit to Eq. (2). Ky,
and the Na*:taurine coupling ratio are given in Table 3.

kinetic constants for taurine transport from Ehrlich
cells [5]. Treatment of the Ehrlich cells with cal A
(100 nM) significantly reduces J., and increases
K., Of the initial taurine influx, whereas it has no
effect on the taurine diffusion kg (Table 2). This
indicates that inhibition of cal A-sensitive phos
phatases leads to a reduction in the apparent affinity

Table 3

Effect of ca A on the Na*:taurine coupling ratio and on the
Michaelis—Menten constant for Na* binding to the taurine trans-
porter at 10 uM extracelular taurine in Ehrlich cells

Kna (MM) Na*:taurine coupling ratio
Control 9%+11 3.3+06
Ca A 129+ 8(0.02) 2.440.2(0.04)

Influx data from each of four independent experiments, plotted in
Fig. 5, were fitted to Eq. (2) to give the Na*:taurine coupling
ratio, i.e., the number of Na* needed for initiation of the taurine
transport cycle, as well as the Michaelis—-Menten constant (K ;)
for Na* binding. Data are given as means+ SEM. P-values
(difference from control) are indicated in the parentheses from a
paired (K ,) or unpaired (coupling ratio), two-tailed t-test. The
maximal transport rate a 10 uM taurine (J,), estimated at
50+ 20 and 40+ 10 pmol X g dry wt~ xmin~? in control cells
and cal A (100 nM)-treated cells, respectively, was not signifi-
cantly different.

of the taurine transporter to taurine and in the taurine
transport capacity.

Fig. 5 shows the correlation between the initia
taurine influx and the extracellular Na™ concentration
at 10 uM taurine in the presence and in the absence
of ca A (100 nM). The sigmoid pattern confirms
previous data [5] which indicated that more than one
Na* binds to the taurine transporter during initiation
of the taurine transport cycle. The present data were
fitted to Eq. (2), (see Section 2), and the means +
SEM of the coupling ratio between Na* and taurine
and the apparent affinity of the taurine transporter for
Na* are given in Table 3. As seen from Table 3, ca
A treatment significantly reduces the Na*:taurine
coupling ratio from 3.3 to 2.4 and the apparent
affinity of the taurine transporter for Na* (K, in-
creased from 96 to 129 mM). Thus, the cal A-sensi-
tive phosphatases in Ehrlich cells only seem to affect
transport kinetics for taurine uptake via the taurine
transporter, whereas they have no effect on passive
taurine influx or efflux.

4. Discussion

Regulation of membrane transport pathways has in
many cases been shown to involve phosphorylation
and dephosphorylation. However, at the functional
and molecular level it is amost unknown how cova
lent modification changes the kinetic parameters of
amino acid transport. A reduction in the maximal
taurine transport rate and a decrease in the affinity of
the taurine transporter for taurine following activation
of PKC have been demonstrated in human colon cells
(HT-29 and Caco-2) [13] and in rat astrocytes [14].
Furthermore, it has been shown that the taurine trans-
porter (pNCT) isolated from MDCK cells and ex-
pressed in Xenopus laevis oocytes has a putative
PKC phosphorylation site at an intracellular segment
that seems to be continuously phosphorylated under
isotonic conditions [24]. Masking this putative PKC
phosphorylation site, by microinjection of a poly-
clona peptide antibody, stimulates taurine influx in
the Xenopus laevis oocyte [24]. In the Ehrlich cells,
it has also been demonstrated that PKC mediated
phosphorylation besides reducing the transport activ-
ity renders the taurine transporter insensitive to stim-
ulation by cAMP [11].
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4.1. Calyculin A decreases the Na™:taurine coupling
ratio and the apparent affinity of the taurine trans-
porter to Na* and taurine

The data presented in this paper demonstrates that
inhibition of the cal A-sensitive phosphatases in the
Ehrlich cells reduces active taurine transport, whereas
it has no effect on the passive taurine transport, i.e.,
taurine efflux (Fig. 3) and the non-saturable influx
component (Table 2). The reduction in active taurine
transport by cal A is not secondary to the concomi-
tant cell swelling (Table 1), and since cal A does not
reduce the Na* gradient (Fig. 2A) or affect the cell
membrane potential [11], it is suggested that the
effect of ca A does not reflect a reduced driving
force for the Na*-coupled taurine uptake. The *C-
taurine gradient in cal A-treated cells has the ener-
getic potential to exceed 5000 as calculated from
estimated values of cellular and extracellular Na*
and Cl~ concentrations, a membrane potential of
—63 mV [11], and a 2.4 Na*:1 Cl—:1 taurine cou-
pling ratio (Table 3, [25]). However, in the presence
of cal A, the **C-taurine gradient only approximates
250 during the experimental period (60 min, Fig.
2B), indicating that cal A affects the initiation of the
taurine transport cycle. From Table 3, it is seen that
cal A reduces the apparent affinity of the taurine
transporter to Na® and taurine, as well as the
Na™:taurine coupling ratio for activation of the trans-
port cycle. Previoudly, it has been demonstrated that
binding of Na* to the taurine transporter in Ehrlich
cells is a prerequisite for taurine uptake, i.e.,, Na*
binds before taurine to the transporter and no taurine
is taken up in the absence of extracellular Na™ [5].
Since Na* augments the affinity of the taurine trans-
porter for taurine [5], it is likely that the cal A-in-
duced reduction in the taurine affinity (Table 2) is
secondary to a reduced binding of Na™* to the taurine
transporter. From Fig. 5 and Table 3 it is deduced
that the number of Na™ needed for initiation of the
transport cycle is 3.3 and that this number of Na™ is
reduced to 2.4 in cal A-treated cells. It is emphasised
that the kinetic approach does not distinguish be-
tween catalytic and energetic activation [20]. If the
carrier transports multiple Na* (Table 3) and one
Cl~ [25] the taurine uptake process is expected to be
electrogenic. Electrogenic taurine transport has been
demonstrated in Xenopus laevis oocytes expressing

high levels of the Na™—taurine cotransport protein
[26]. Assuming a membrane capacitance of 1 uF, a
membrane surface area of 59000 cm? X g dry wt™?
of the Ehrlich cells[27] and a 3 Na*:1 Cl:1 taurine
coupling ratio, it is estimated that Ehrlich cells at the
maximal transport rate at 10 uM extracellular taurine
(50 pmol X g dry wt~* X min~?, legend to Table 3)
should depolarise the Ehrlich cells by 164 mV X
min~ . However, no change in the membrane poten-
tia, as estimated by the fluorescent dye diOC,-(5),
could be detected in the Ehrlich cells during taurine
uptake [9]. This could indicate that positive charge
(eg., K* or Na") is returned to the extracellular
compartment during the transport cycle, or that Na*
recycles via the Na*, K* pump at an increased rate.

4.2. Regulation of the taurine cotransporter

According to the three state model for the regula-
tion of the taurine transporter in the Ehrlich cells (see
Section 1) the taurine transporter is retained in state |,
following exposure to cal A. In state | the transport
activity is reduced by 20% compared to state I (Fig.
1), and it can no longer be stimulated by cAMP/PKA
[11]. These data could indicate that the taurine trans-
porter might be present in two or more isoforms with
the dominating isoform being insensitive to
cAMP/PKA and ca A. However, this would imply
that the activity of the cCAMP/PKA regulated iso-
form should be 4-fold activated in order to account
for the observed 60% increase in taurine influx fol-
lowing activation by dibutyryl-cAMP [11]. Alterna
tively, the Ehrlich cells only have one isoform of the
taurine transporter which is regulated by several sig-
naling pathways, one of which involves change in
the phosphorylation level of an activator or an in-
hibitor of the taurine transporter by cAMP/PKA and
cal A-sensitive phosphatases.

Since the Na*, K*, 2 Cl~ cotransporter in the
Ehrlich cells is activated by osmotic cell shrinkage
[23] and by cal A [22], whereas the taurine transporter
is inhibited under the same conditions, it is possible
that these transporters are regulated in an opposite
manner by the same signalling pathways. The activity
of PKC is increased following cell shrinkage [28].
However, the shrinkage-induced reduction in the ini-
tial taurine influx in Ehrlich cells is larger in the
presence of the PKC inhibitor chelerythrine [10],



344 J. Mollerup, |.H. Lambert / Biochimica et Biophysica Acta 1371 (1998) 335-344

indicating that shrinkage-induced inhibition of the
initial taurine influx does not involve PKC mediated
phosphorylation. Whether cell shrinkage in the
Ehrlich cells leads to inhibition of ca A-sensitive
phosphatases needs further investigation.
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