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Characteristics of taurine transport system and its developmental pattern
in mouse cerebral cortical neurons in primary culture

Masataka Kishi, Seitaro Ohkuma, Misa Kimori and Kinya Kuriyama

Department of Pharmacology, Kyoto Prefectural University of Medicine, Kamikyo-Ku, Kyoto (Japan)

(Received 8 October 1987)

Key words: Taurine transport; (Mouse brain)

Developmental patterns and pharmacological and biochemical properties of taurine transport system were
investigated using developing primary cultured neurons prepared from mouse cerebral cortex by trypsin
treatment. [>*H]Taurine was incorporated into neurons via a high-affinity transport system of which the K,
value as well as the ¥, value increased during neuronal development in vitro. This transport system was
also inhibited by sodium withdrawal from incubation medium and exposures for 15 h to several metabolic
inhibitors such as 2,4-dinitrophenol and monoiodoacetate. In addition, [*H]taurine uptake in both neurons
cultured for 3 and 14 days was competitively inhibited by S-alanine, guanidinoethanesulfonate and hypo-
taurine. Cysteic acid and cysteine sulfinic acid, metabolic intermediates produced in the process of taurine
biosynthesis in the brain from cysteine, induced significant reductions in [*H]taurine uptake in both types of
cultured neurons, while cysteine, isethionic acid, cysteamine and cystamine exhibited no alterations in
[3H]taurine transport. Moreover, non-competitive inhibition of [>H]taurine uptake by cysteic acid was
observed in both neurons. These results clearly indicate that taurine uptake was mediated by the sodium- and
energy-dependent transport system with high affinity in 14-day-old neurons as well as neurons cultured for 3
days and that both the K, and V___ values of this transport system increase during neuronal development in
vitro. The results described above suggest that the decrease in taurine content observed in developing brain
is unlikely to be due to alteration in the capacity of the taurine transport system during neuronal
development.

Introduction

The taurine content in the central nervous sys-
tem is found to decrease during brain develop-
ment [1-8], while the activities of cysteine sulfinic
acid decarboxylase and cysteine dioxygenase in-
volved in the biosynthesis of taurine from its
metabolic precursor, cysteine, show elevations
[9-12). Such a reduction in taurine content during
brain development different from the developmen-
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tal patterns of contents of other neurotransmitters
such as acetylcholine and y-aminobutyric acid
(GABA) is assumed to be evidence supporting
that taurine has a role as a neuromodulator, but
not as a neurotransmitter, in the central neuron
system [13]. In addition, the alterations in taurine
content as well as in the activities of both cysteine
sulfinic acid decarboxylase and cysteine di-
oxygenase [14] that have been found in primary
cultured neurons obtained from mouse cerebral
cortex during their development in vitro aré simi-
lar to those in the developing brain in vivo. There-
fore, it is considered that primary cultures of
mouse cerebral cortical neurons are appropriate to
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investigate the biochemical mechanisms underly-
ing the decrease in taurine content during the
early stage of brain development [14].

In the present study, we attempted to clarify
the developmental changes in the activity of the
taurine transport system, which is assumed to be
one of the causes inducing the reduction of taurine
content in developing neurons, using mouse
cerebral cortical neurons possessing a taurine bio-
synthesizing system, and to investigate the bio-
chemical characteristics of taurine transport mech-
anisms in these neurons.

Materials and Methods

Primary culture of cerebral cortical neurons

Dissociation and primary culture of cerebral
cortical neurons were carried out as described
previously [14]. Neopallium free of meninges ob-
tained from 15-day-old fetus of STD:ddy strain
mouse was treated with trypsin following ade-
quate mincing by scissors. The cells thus obtained
were subsequently centrifuged (900 X g, 4°C, 5
min) and passed through nylon mesh (mesh size:
60 pm). After cells were suspended with modified
Eagle’s minimum essential medium (pH 7.4) [14],
an aliquot of cell suspension was seeded on a
Corning culture dish (60 mm in diameter) pre-
treated with poly(L-lysine). The medium was ex-
changed to modified Eagle’s minimum essential
medium supplemented with 15% fetal calf serum
15 min after inoculation and cells were incubated
at 37°C in humidified 95% air/5% CO, for 3
days. Cells were then exposed to 20 uM cytosine
arabinoside dissolved in modified Eagle’s mini-
mum essential medium containing 15% horse
serum for 24 h to suppress the proliferation of
astroglial cells concurrently dissociated with neu-
rons. Following the exposure to cytosine arabino-
side, cells were continuously cultured in modified
Eagle’s minimum essential medium supplemented
with 15% horse serum, and this medium was
exchanged to fresh medium every 4 days. Primary
cultured neurons thus prepared had morphologi-
cal characteristics specific to neurons and
immunohistochemical investigations using the an-
tibody to glial fibrillary acidic protein, a specific
marker of astroglia, revealed that the contamina-
tion by astroglial cells was less than 5% [14].

Measurement of [’H]taurine uptake

The assay of [*HJtaurine uptake in mouse
cerebral cortical neurons in primary culture was
performed as follows. The medium in the culture
dishes was discarded by aspiration and the cells
were washed three times with ice-cold
Krebs-Ringer bicarbonate buffer (buffer A, pH
7.4). After rinsing the dishes, 3 ml of warm (37°C)
buffer A was added into a culture dish and the
cells were incubated at 37°C. After 20 min of
incubation, buffer A was changed by warmed
(37°C) fresh buffer A. The reaction of uptake was
initiated by the addition of 10 pM [*H]taurine
into a culture dish and incubation at 37°C was
continued for 15 min. After incubation, the reac-
tion was terminated by the aspiration of medium
containing [*H]taurine with consequent washing
five times with ice-cold buffer A (total volume: 15
ml). The procedure to terminate the reaction was
always carried out within 45 s. Washed cells were
then digested with 1 ml of 0.1 M NaOH and
scraped off from culture dishes with a rubber
policeman. An aliquot of digested cells neutralized
with 0.1 M acetic acid was transferred to a scintil-
lation vial containing Triton-toluene scintillator
(Triton X-100/toluene (containing 5 g PPO and
0.3 g POPOP per liter), 1:2 (v/v)) for measuring
radioactivity transported into cells. The net up-
take of [*H]taurine was calculated by subtracting
inulin space determined using [*HJinulin from total
[*H]taurine uptake. In order to examine the ef-
fects of metabolic inhibitors such as 2,4-di-
nitrophenol, ouabain and monoiodoacetate on
[*H]taurine uptake, the cells were preincubated
and incubated in the presence of each inhibitor at
the concentration of 100 pM. For investigating the
effects of various sulfur-containing amino acids on
[*H]taurine uptake, these amino acids at 100 pM
were added into culture dishes immediately before
the addition of [*H]taurine. Sodium-free medium
was prepared by complete displacement of sodium
by equimolar choline to examine the effect of
sodium withdrawal on [>H]taurine uptake. In the
preliminary experiments, we confirmed that the
addition of metabolic inhibitors at the concentra-
tion examined in this study showed no effects on
[*H]Jinulin space.



Protein measurement

Protein content in neurons were determined by
the method of Lowry et al. using bovine serum
albumin as standard [15].

Materials used

[*H]Taurine (740 GBq/mmol) and [*Hlinulin
(6.253 GBq/g) were obtained from New England
Nuclear (Boston, U.S.A.). Fetal calf serum and
horse serum were purchased from Flow Laborato-
ries (North Ryde, Australia) and Gibco Laborato-
ries (Chagrin, U.S.A)), respectively. Bovine serum
albumin (fraction V, powder) was obtained from
Miles Laboratories (Elkhart, U.S.A.). Cytosine
arabinoside was a kind gift of Nippon Shinyaku
Co., Ltd. (Kyoto, Japan). Other drugs used were
locally available and of analytical grade.

Result

Time course of [*H]taurine uptake

Fig. 1 shows the time course of [*H]taurine
uptake at 37°C in neurons cultured for 14 days.
[’H]Taurine was transported into neurons with
linearity until 20 min after the addition of
[*H]taurine.  Thereafter, the rate of [*H]Jtaurine
transport was gradually decreased and reached a
plateau 45 min after the initiation of reaction.
Similar pattern of [>H]taurine uptake was also
found in neurons cultured for 3 days. Based on
these results, the initial rate of [3H]taurine uptake
in both neurons cultured for 3 and 14 days were
determined during 15 min after the addition of
[*H]taurine. In contrast to [*H]taurine uptake at
37°C, it was observed that only little amount of
[*H]taurine was transported into neurons at 4°C
during incubation period indicated in Fig. 1.

Changes in kinetic parameters of [*H]taurine up-
take during neuronal development

To determine the characteristics of [*H]Jtaurine
transport system in primary cultured neurons,
neurons were incubated in the presence of various
concentrations of [*H]taurine (2.5-500 pM). In
neurons cultured for both 3 and 14 days, the rates
of [*H]taurine uptake were found to be increased
with the increase in concentration of [*Hjtaurine
in medium. However, the curve of [*H]taurine
uptake as a function of extracellular [*H]taurine
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Fig. 1. Time course of [>Hjtaurine uptake in mouse cerebral
cortical neurons 14-day-old in primary culture. Following the
discard of culture medium and rinsing the dishes three times
with ice-cold Krebs-Ringer bicarbonate buffer (buffer A, pH
7.4), the neurons were incubated with warm (37° C) buffer A
at 37°C for 20 min. After the preincubation, buffer A was
aspirated and fresh warm buffer A was added and the reaction
was then initiated by the addition of 10 M [*H]taurine into
the culture dishes. After incubation for the intervals indicated
in the figure, the reaction was terminated by rapid aspiration
of the medium and consequent washing of the dishes with
ice-cold buffer A. The digested cells with 0.1 M NaOH were
subjected to measure the radioactivity of [>H]Jtaurine trans-
ported into the neurons by liquid scintillation spectrometry
following the neutralization of alkaline digested cells by 0.1 M
acetic acid. Each value represents the mean of four separate

experiments.

concentration showed a saturable manner (Fig. 2).
In addition, the amount of [*H]taurine trans-
ported into neurons cultured for 14 days was
larger than that in 3-day-old neurons in culture
(Fig. 2). For determining the kinetic parameters
for [*HJtaurine uptake, data shown in Fig. 2 were
analyzed by Lineweaver-Burk plot. It was found
that taurine transport systems in both neurons
consisted of a single component with high affinity
(Fig. 3). The kinetic parameters of [>H]Jtaurine
uptake system in neurons cultured for 3, 7 and 14
days calculated from Lineweaver-Burk plot were
presented in Table 1. The K| value as well as the
V,ax value of [*H]taurine uptake increased during
neuronal growth in vitro. The linearity in kinetic
data for taurine uptake was confirmed by various
linear transformations described previously [16].

Effects of metabolic inhibitors and sodium
withdrawal on [*H]taurine uptake
The effects of various metabolic inhibitors
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Fig. 2. Rate of [*H]taurine uptake in mouse cerebral cortical

neurons in primary culture as a function of the external

[*H]taurine concentration. Neurons were incubated at 37°C

for 15 min in the presence of various concentrations of

{*H]taurine (2.5 tM-500 uM) following the preincubation at

37°C for 20 min. Each value represents the mean +S.E. ob-
tained from three or four separate experiments.

(ouabain, 24-dinitrophenol, monoiodoacetate,
potassium cyanide and sodium azide) and sodium
withdrawal on [*H]taurine uptake in primary cul-
tured neurons maintained for 3 and 14 days were
examined (Table II). Ouabain at the concentration
of 100 pM exhibited a significant inhibition of
[*H]taurine uptake in both types of neurons. In
addition, it was found that [*H]taurine uptake was
completely abolished by sodium withdrawal from
incubation medium. On the other hand, the ex-
posure to 2,4-dinitrophenol, monoiodoacetate and
sodium azide at concentrations of 100 puM and 1
mM did not induce any significant alterations in
[*H]taurine uptake by primary cultured neurons,
although a significant reduction of [>H]Jtaurine
transport was found after treatment with 100 pM
and 1 mM potassium cyanide (Table II). When
neurons cultured for 14 days were, however, main-
tained with 100 pM 2.4-dinitrophenol, 100 pM
sodium azide and 10 pM monoiodoacetate, re-
spectively, for 15 h, the significant decreases in
[*H]taurine uptake were observed with no re-
markable morphological changes (Table II). More-
over, the rates of Trypan blue exclusion in neu-
rons treated with metabolic inhibitors as well as in
neurons with no treatment were almost identical
and more than 95% under the conditions de-
scribed above.
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Fig. 3. Lineweaver-Burk plot of [*H]taurine uptake in mouse

cerebral cortical neurons cultured for 14 days. Each value

obtained from the experiments presented in Fig. 2 represents
the mean.

Effects of various amino acids and guanidinoethane
sulfonate on [’H]taurine uptake

The effects of various amino acids formed in
the taurine biosynthesizing pathway from cysteine
as a metabolic precursor, and of B-alanine and
guanidinoethanesulfonate, the latter two are well
known to be competitive inhibitors for taurine
transport system, on [*Hjtaurine uptake in neu-
rons of both 3- and 14-day-old in culture was also
examined (Table III). B-Alanine, guanidino-
ethanesulfonate and hypotaurine showed remark-
able inhibitory actions on [>H]taurine uptake, al-
though other amino acids did not. To examine the
inhibitory manner of B-alanine, guanidinoethane-

TABLE 1

DEVELOPMENTAL CHANGES IN KINETIC PARAME-
TERS OF [*H|TAURINE UPTAKE IN MOUSE CEREBRAL
CORTICAL NEURONS IN PRIMARY CULTURE

Neurons were incubated with Krebs-Ringer bicarbonate buffer
(pH 7.4) in the presence of various concentrations of
[?H]taurine (2.5-500 pM) at 37°C for 15 min following the
preincubation at 37° C for 20 min without [>Hjtaurine.

Culture No.of K (pM) Vnax (nmol/mg

expts. protein/min)
3 days 4 212407 =g ] 0.485+0.043 = ]
7 days 4 295+0.7— ® 0.879+0.025— @
14 days 3 292428 0.764 +0.069

2 P<0.05" P<0.001.



TABLE 11

EFFECTS OF METABOLIC INHIBITORS AND SODIUM
WITHDRAWAL ON [*H|TAURINE UPTAKE IN MOUSE
CEREBRAL CORTICAL NEURONS IN PRIMARY CUL-
TURE

Neurons were incubated in Krebs-Ringer bicarbonate buffer
(buffer A, pH 7.4) in the presence of 10 pM [*H]taurine and
metabolic inhibitors at the concentration indicated in table at
37°C for 15 min following the preincubation of neurons with
metabolic inhibitors in buffer A at 37°C for 20 min. (a)
Neurons were preincubated in modified Eagle’s minimum es-
sential medium (14) supplemented 15% horse serum in the
presence of metabolic inhibitors at 37°C for 15 h and then
subjected to experiments for [*H]taurine uptake. Control val-
ues of [*H]taurine uptake in neurons cultured for 3 and 14
days were 0.129 4+ 0.007 and 0.248 + 0.016 nmol/mg
protein/min, respectively. Each value represents the mean+
S.E. obtained from 4-7 separate experiments. n.d., not detecta-
ble.

Metabolic [*H]Taurine uptake (% of control)
inhibitors 3 days 14 days
Control 100.0+5.7 100.0+ 6.3
Sodium-free nd. nd.
Ouabain (100 M) 79.042.7¢ 129+ 194
2,4-Dinitrophenol
(100 pM) 1064434 931+ 9.3
(1 mM) 87.3+62 877+ 19
(100 M) ® - 557+ 79°
Monoiodoacetate
(100 p M) 975+24 94.4+13.5
(1 mM) 88.4+59 899+ 32
10 pM) @ - 113+ 149
KCN
(100 pM) 865+21* 756+ 83
(1 mM) 778+£1.2°¢ 64.34+10.6 °
NaN,
(100 pM) 92.2+3.2 90.24+ 7.7
(1 mM) 97.6+7.3 1044+ 6.3
(100 M) * - 7374+ 5.1°

2 P<005 % P<0.02 ¢P<001, 4 P<0001 (ecach one
versus the control).

sulfonate and hypotaurine for taurine transport,
the data obtained were analyzed using the Line-
weaver-Burk plot. As shown in Fig. 4, it became
clear that p-alanine competitively inhibited
[*Hjtaurine uptake by neurons cultured for 14
days. Similar competitive inhibition was also found
in 3-day-old neurons. K; values of B-alanine for
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Fig. 4. Effect of B-alanine on [*Hjtaurine uptake in neurons

cultured for 14 days. Neurons were incubated in the presence

of various concentrations of B-alanine (50-250 pM) and

[*Hltaurine (10-100 pM) at 37°C for 15 min. Each value

represents the mean of three separate experiments. The S.E.

value at each point was less than eight percent of the mean
value.

[3H]taurine uptake in 3- and 14-day-old neurons,
which were obtained by the analysis using Dixon
plot, were 104 and 100 pM, respectively. Similarly,
guanidinoethanesulfonate and hypotaurine ex-
hibited competitive inhibition of [*H]taurine up-
take by both types of neurons (data not shown).
Several amino acids such as cysteine and ise-
thionic acid, and cystamine and cysteamine (con-
centration 100 pM) did not induce any significant
decreases in [>*H]taurine uptake in primary cul-
tured neurons of both 3- and 14-day-old in culture
(Table III). In contrast, 100 pM cysteic acid ex-
hibited significant inhibition of [*H]taurine up-
take in neurons cultured for both 3 and 14 days.
Cysteine sulfinic acid (100 uM) inhibited
[*H]taurine uptake in 3-day-old neurons (Table
III). To examine the inhibitory manner of cysteic
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TABLE III

EFFECT OF VARIOUS AMINO ACIDS ON [*H]TAURINE
UPTAKE IN MOUSE CEREBRAL CORTICAL NEURONS
IN PRIMARY CULTURE

Neurons were incubated in Krebs-Ringer bicarbonate buffer
(buffer A, pH 7.4) in the presence of 10 M [>H]taurine and
various amino acids (100 pM) at 37°C for 15 min after the
preincubation in buffer A at 37° C for 20 min. Control values
of [*Hjtaurine uptake in neurons cultured for 3 and 14 days
were 0.131+0.005 and 0.236+0.019 nmol/mg protein/min,
respectively. Each value represents the mean+ S.E. obtained
from four or five separate experiments.s

Amino acids [*H]Taurine uptake (% of control)

3 days 14 days

Control 100.0+4.1 100.0+ 1.2
B-Alanine 374+1.7°¢ 456+ 3.1°
Guanidinoethane

sulfonate 3284+27°¢ 478+ 50°
Hypotaurine 14.7+06 ¢ 254+ 13°€
Cysteine 95.6+14 81.8+13.3
Cysteine sulfinic acid 73.9+22°% 78.1+10.9
Cysteic acid 83.1+2.8° 7914+ 7.3%
Cystamine 104.0+2.9 1002+ 24
Cysteamine 1109+ 3.1 96.3+16.7
Isethionic acid 1029420 919+ 37

* P <005 " P<0.01, ¢ P<0.001 (each one versus control).
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acid for [*H]taurine transport in neurons, the data
were analyzed using Lineweaver-Burk plots. Fig. 5
shows that the uptake of [*H]taurine into neurons
cultured for 14 days as well as that into 3-day-old
neurons is clearly suppressed by cysteic acid in a
non-competitive manner.

Discussion

It is well known that taurine plays a role as
neurotransmitter or neuromodulator in the mam-
malian central nervous system, although its exact
role is controversial [13]. One of the reasons sup-
porting that taurine has neuromodulatory action
in the central nervous system is that the content of
taurine in the brain shows a steep reduction dur-
ing the early stage of brain development [1-8] in
contrast to the progressive elevation of activities
of enzymes involved in taurine biosynthesis [9-12].
Similarly, the contents of taurine, cysteine sulfinic
acid and cysteic acid, the latter two amino acids
are intermediates produced during taurine bio-
synthesis from its metabolic precursor, cysteine,
remarkably reduced with the concomitant increase
in activities of cysteine sulfinic acid decarboxylase
and cysteine dioxygenase at the early stage of in
vitro growth of cerebral cortical neurons well sep-
arated from other types of cells including glial
cells [14]). These lines of evidence may be, there-
fore, lead to the conclusion that primary cultured
neurons used in the present study are appropriate
for investigating the mechanism of reduction of
taurine content during brain growth in vivo.

One of the mechanisms causing the reduction
of taurine content at the early stage of brain
development assumes to be due to the decrease in
taurine transport from blood to brain via the
blood-brain barrier. It is well established that
taurine penetrates the blood-brain barrier in adult
mammals, although the exchange rate of taurine
in brain is slower than that in other organs [17-19].
In addition, Sturman and his co-workers [20] have
reported that taurine administered to lactating

Fig. 5. Effect of cysteic acid on [*H]taurine uptake in mouse

cerebral cortical neurons 14-day-old in primary culture. Neu-

rons were incubated in the presence of cysteic acid (100-500

uM) and [*H]taurine (20-100 pM). Each value represents the
mean obtained from four separate experiments.



rats is transferred to their pups via milk and
radiolabeled taurine is detected in brains of pups.
These data clearly indicate that the blood-brain
barrier in the early stage of brain development
possesses the capacity to transport taurine from
blood to brain. Considering these data, the possi-
bility that a developmental change in capacity to
transport taurine into neurons may be one of the
factors decreasing the taurine content in the brain
is assumed. In this study, therefore, we attempted
to examine the developmental patterns of taurine
uptake during neuronal growth and the character-
istics of taurine transport system using mouse
cerebral cortical neurons in primary culture.

The increase in [*H]taurine uptake with in-
creasing temperature in neurons of 14-day-old in
culture clearly demonstrates that [*H]taurine up-
take in primary cultured neurons is dependent on
temperature. The relationship between [*H]taurine
uptake in neurons cultured for both 3 and 14 days
and the extracellular concentration of [*H}taurine
was found to be saturable. In addition, the results
obtained in this study indicate that the capacity to
transport taurine into neurons increases with in-
creasing the culture period. The analysis of data
on [*H[taurine uptake as a function of the ex-
tracellular taurine concentration using the Lin-
eweaver-Burk plot clearly revealed that [*H]taurine
was transported into both types of neurons via a
single transport system with high affinity and the
increase in [*H]taurine transport observed during
neuronal growth in vitro was attributed to the
increases in both the K, and the V_, values.
Mandel and his co-workers [21] have reported the
developmental pattern of taurine transport in
primary cultured neurons. In their report, they
observed a decrease in the V_,, value of taurine
transport system with high affinity during neuro-
nal growth in vitro, which is contrary to the data
presented in this study, although they did not
demonstrate the biochemical characteristics of
taurine transport mechanism in primary cultured
neurons. Such a difference in developmental pat-
tern of taurine uptake observed in cultured neu-
rons may be due to the difference in methods to
dissociate and cultivate neurons, although the ex-
act mechanism is not clear.

A similar transport system of taurine with high
affinity observed in primary cultured neurons was
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also observed in brain slices [22]. On the other
hand, several investigators have reported that
taurine uptake is mediated via transport mecha-
nisms with both high and low affinities in brain
synaptosomes and slices [23-27]. In addition,
[*H]taurine uptake was completely abolished by
sodium withdrawal and was also significantly sup-
pressed by ouabain, a Na* /K*-ATPase inhibitor,
in primary cultured neurons as demonstrated in
this study, which is essentially in agreement with
the reports described previously [21-26]. Based on
these data, it is concluded that the [*H]taurine
uptake with high affinity in the primary cultured
neurons used in the present study is definitely
mediated by a sodium-dependent mechanism. That
the low-affinity uptake system has not been de-
tected in the neurons used in this study may be
due to the fact that the range of the extracellular
concentration of taurine which we examined is too
low, since the K, values for low-affinity taurine
transport are 1 to 6 mM [23,28].

In order to examine whether the taurine trans-
port system in cultured neurons was energy-de-
pendent or not, neurons were preincubated in the
presence of various metabolic inhibitors prior to
the uptake study. 2,4-Dinitrophenol, mono-
iodoacetate, potassium cyanide and sodium azide
at the concentration of 100 pM, respectively, did
not induce any significant changes in [*Hjtaurine
uptake in neurons cultured for either 3 or 14 days.
Following the exposure of 14-day-old neurons in
culture to 100 pM 24-dinitrophenol, 100 pM
sodium azide and 10 pM monoiodoacetate, re-
spectively, for 15 h, a significant reduction in
[*H]taurine uptake was found. Furthermore, no
morphological changes in neurons and no alter-
ations in the ability to exclude Trypan blue dye
after these treatments were observed. Considering
these results and the temperature dependency of
taurine transport system, it is concluded that
taurine is transported into neurons by an energy-
dependent mechanism. In brain synaptosomes and
slices, a similar transport mechanism with energy-
dependency has been reported previously
[22-24,26,27]. The difference in effects of meta-
bolic inhibitors on taurine transport in primary
cultured neurons according to the difference in
exposure period may be due to the low permeabil-
ity of cultured neurons to these metabolic inhibi-
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tors, since a similar tendency was observed in
[*H]choline and [*H]GABA transports in cultured
neurons (unpublished data). However, the exact
mechanism producing such a phenomenon is not
exactly explained in the present.

The effects of several inhibitors specific to the
taurine transport system on [>Hjtaurine uptake
were examined. [*H]Taurine uptake in neurons
cultured for 3 and 14 days was significantly in-
hibited by B-alanine, hypotaurine and guanidino-
ethanesulfonate. The inhibitory action of these
amino acids on taurine uptake has also been found
in brain slices [22-24], brain synaptosomes [26,27]
and other tissues such as heart [29] and liver
[30,31]. In addition, the analysis using the Lin-
eweaver-Burk plot revealed that these amino acids
inhibited taurine transport in cultured néurons in
a competitive manner, which indicated that taurine
was incorporated into neurons by the B-amino
acid transport system. It is noted that the sensitiv-
ity of the taurine transport system to these compe-
titive inhibitors is not altered during neuronal
growth in vitro, suggesting that the biochemical
and pharmacological properties of the taurine
transport mechanism may be established in the
early stage of neuronal development.

Among the amino acids produced in the pro-
cess of taurine biosynthesis in the central nervous
system, cysteic acid and cysteine sulfinic acid
showed remarkable inhibitory actions on [*H]
taurine transport in primary cultured neurons.
Similar effects of cysteine sulfinic acid on taurine
transport have been reported in brain synapto-
somes [26,27], in which cysteine also showed a
significant reduction of taurine uptake [26]. In
contrast, no alteration or slight decrease in taurine
transport in cultured neuroblastoma cells and in
neuroblastoma X glioma hybrid cells in the pres-
ence of either cysteic acid or cysteine sulfinic acid
was observed [32,33]. Therefore, it is considered
that the mode of inhibition of taurine uptake by
these amino acids in primary cultured neurons
used in this study resembles that in synaptosomes
derived from brain rather than that of cell lines
originated from brain tumors possessing bio-
chemical characteristics different from normal
neuronal cells. In addition, the analysis using the
Lineweaver-Burk plot revealed that [*H]taurine
transport found in neurons cultured for 3 and 14

days was inhibited by cysteic acid in a non-com-
petitive manner. One of new findings on taurine
transport in primary cultured neurons observed in
this study was that cysteic acid exhibited a non-
competitive inhibition of taurine transport, which
may be one of the regulatory mechanism to main-
tain the taurine level in neurons. At present, how-
ever, the physiological significance of the inhibi-
tory action of cysteic acid on taurine transport
remains to be elucidated.

In summary, primary cultured neurons possess
a sodium- and energy-dependent high-affinity
transport system for taurine similar to that in
neurons in vivo, and this transport system shows
an increase in the capacity to accumulate taurine
from extracellular space during their growth in
vitro. Therefore, the decrease in taurine content in
cultured neurons observed at the early stage of
development in vitro is unlikely to be due to the
alterations in transport capacity occurring during
neuronal growth in vitro. In addition, the neurons
used in this study are considered to be a experi-
mental tool useful to investigate the regulatory
mechanism of the taurine transport system in the
central nervous system.
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