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Abstract—In the ventricular sarcolemma of guinea-pig heart two uptake systems are present, a high
affinity and a low affinity one. The uptake is Na™, K*, Mg** dependent and Ca”* independent. In the
absence of Mg’* only one uptake system is present. B-alanine, hypotaurine, homotaurine and guani-
dethylsulphonate inhibit the uptake of [*H]taurine; isethionic acid increases it.

Taurine is a sulfonic amino acid that constitutes fifty
per cent of the free amino acid pool in the heart [1],
and its levels are elevated in various cardiac condi-
tions suggesting that it has a possible pathophysio-
logical role [2, 3]. This amino acid prevents the
development of epinephrine or digoxin induced pre-
mature ventricular contraction in dogs [4, S]. Per-
fusion with potassium-free solution induces a fibril-
lation in isolated guinea-pig heart which could be
blocked by the administration of K* + taurine but
not by K* alone [6]. Moreover, taurine has a positive
inotropic effect on guinea-pig hearts [7, 8] correlated
with modified calcium kinetics in the hearts [9].
Kulakowski et al. [10] reported that in rat heart
sarcolemma “two taurine receptors” are present. It
is well known that taurine exerts different actions
in rat and guinea-pig hearts; in fact in the former it
has a negative inotropic effect, in the latter a positive
one [8].

It therefore seemed interesting to us to study taur-
ine interactions with guinea-pig heart sacolemma.

MATERIALS AND METHODS

Cardiac ventricular sarcolemma was isolated from
male guinea-pig heart. The heart was washed to
remove the blood and placed in ice cold 0.25M
sucrose. The membranes were prepared from ven-
tricles as described by Kidwai er al. [11] using a
sucrose gradient. The sarcolemma obtained by this
method was in the form of vesicles [11]. The purity
of membranes was examined by determining the
activities of several enzyme markers. The (Na* —
K*)ATPase was measured according to Sulakhe and
Dhalla [12], the succinate dehydrogenase according
to King [13] and glucose-6-phosphatase as in Kidwai
et al. [11]. The activities of these enzymes in the
sarcolemma preparations were the following:
(Na* + K*)ATPase, 7 Pipumoles/mg protein/min;

* So the variation of sodium concentration was less than
one per cent.

t The experiments shown in the temperature curve were
carried out in April and May. This could explain the dif-
ference in values obtained as compared with other experi-
ments performed in winter time.
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glucose-6-phosphatase, 0.28 Pi umoles/mg protein/
min; and succinate dehydrogenase, 0.28 umoles suc-
cinate/mg protein/min,

The membranes were suspended in Tris-maleate
buffer 10mM, pH 7, containing 1.2 mM MgSO,,
4.8mM KCl, 1.25mM CaCl, and 120 mM NaCl.
The membranes were stirred for 30 min at 0° to
obtain an homogeneous suspension.

In some experiments the membranes were dis-
rupted by hypo-osmotic shock in water and then
centrifuged and resuspended in the standard incu-
bation buffer.

The incubation mixture was shaken for 30 min at
20°. NaCl, KCl, CaCl, were substituted with choline
chloride; magnesium sulphate with sodium sul-
phate*. The incubation was terminated by rapid
dilution with 2.5 ml of ice cold incubation buffer and
by subsequent rapid vacuum filtration of the diluted
incubate through Whatman GF/C filters. The filters
were then quickly washed by vacuum filtration with
3 ml of ice cold buffer three times. The entire filtra-
tion procedure took less than 20 sec.

After drying, filters were placed directly into tri-
ton/toluene [14] and then counted in a Packard liquid
scintillation spectrometer (Packard Instruments).

Separate incubations were carried out in each
assay in the presence of a high concentration (0.7 M)
of unlabelled taurine to assess unspecific binding.
Data from competitive experiments were graphically
analyzed with Scatchard analysis as Rosenthal [15]
and Feldman [16]. Membrane protein concentrations
were determined using the method of Weichselbaum
(17]. [H]Taurine (sp. act. 10.5 Ci/mM) was pur-
chased from the Radiochemical Centre, Amersham.

RESULTS

The incubation time selected for uptake assay was
30 min, since at that time it was maximum as shown
in Fig. 1. [PH|Taurine uptake was temperature-
dependent, with its highest value at 20° (Fig. 2)t,
and showed a pH optimum at 7 (Fig. 3). The uptake
was Ca’*-independent and Na*, K* and Mg**-
dependent. The absence of Na* markedly reduced
the uptake while Mg?* and K* withdrawal increased
it (Table 1). Also in magnesium-free medium the
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Fig. 1. Uptake of [*H}taurine to ventricular sarcolemma as

a function of incubation time. Results (means = S.E.) are
from S experiments performed in triplicate.
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Fig. 2. Uptake of [*H]taurine to ventricular sarcolemma as
a function of temperature. Results (means = S.E.) are from
S experiments performed in triplicate.
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Fig. 3. Uptake of ['Hltaurine to myocardial membrancs

with varying pH. Results (means £ S.E.) are {from 3 experi-
ments performed in triplicate.
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Fig. 4. Inhibition of ['HJtaurine uptake to guinca-pig heart

membranes by increasing concentrations ol taurine. The

points of the curves are means = S.E. of 5-U experiments
performed in triplicate.

Table |. Effect of various incubation conditions on [‘H]taurine transport®

Incubation conditions

fmoles of [*H]taurine/ug protein

Control

Choline Cl replaced NaCl
Choline Cl replaced CaCl,
Choline Cl replaced KCl
Na,SO; replaced MgSO;
Hypo-osomotic shock

9.64 =0.12(25)
0.75 = 0.05 (5)

11.28 2+ 1.98 (6)
1581 = 1.6 (5)
1542 4 1.07 (6)

2792 048 ()

* The transport of ['H]taurine was measured under different conditions.
Each value is the mean = S.E.; the number of experiments is shown in
parcntheses. The experiments were performed in triplicate.
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Fig. 5. Scatchard plot of inhibition curve. Data were plotted

as a Scatchard plot. The K,,’s and B,,,'s were obtained by

subjecting the Scatchard plot to the graphic analysis of
Rosenthal [15] and Feldman [16].

uptake was statistically increased (P = 0.001) while
in the calcium-free medium the uptake was equal to
the control (Table 1).

The uptake was markedly decreased (65%) when
the membranes were submitted to hypo-osmotic
shock. This value was similar to the one obtained
when the incubation was performed at 2°. Compe-
tition by cold taurine for [*H]taurine uptake pro-
duced the curve shown in Fig. 4.

The Scatchard analysis is best described by hyper-
bole, indicating the presence of two uptake systems
with different affinities and capacities (Fig. 5).

The number of high and low affinity sites in the
control experiments was 3.05 and 5.76 fmoles/ug
protein respectively (Table 2). In the absence of
Ca’ the apparent K,’s were 1.8x107°M and
1.3 X 107°M and the number of the two uptake sys-
tems was 2.8 for the high affinity type and 6.15 for
the low one (Table 2). In the absence of K*, two
uptake systems were also detected, but here the

apparent K,,'s were smaller than those in the control
experiments and the number of the uptake sites in
this case was 4.92 fmoles/ug protein for the high
affinity and 9.98 fmoles/ug protein for the low one.
In the case of the inhibition curve in the absence of
Mg’*, there was present only one uptake system
with an apparent K,, of 1 x 107°M (Table 2). The
uptake of the drug into ventricular membranes was
modified by taurine analogues (Table 3). In fact,
p-alanine at both concentrations tested almost com-
pletely abolished uptake, while hypotaurine. homo-
taurine and guanidethylsulphonate only partially
inhibited it. Of the taurine analogues tested. only
isethionic acid was able to increase the uptake in a
statistically significant manner (Table 3). The
absence of Ca**, Mg*™ and K" did not affect the
uptake pattern of these analogues.

DISCUSSION

Recent studies with isolated plasma membrane
vesicles have largely confirmed the observations with
intact cells on Na'-coupled transport of amino acids
{18-20].

Kennedy and Voaden [21] have demonstrated that
taurine uptake in the retina is Na*-dependent and
Hruska et al. [22] have reported similar findings for
rat brain synaptosomes.

Our experiments, reported here, have demon-
strated that taurine is taken up into isolated guinea-
pig ventricle sarcolemma by a Na'-dependent trans-
port; also time—course suggests an uptake process.
The marked inhibition by hypo-osmotic shock fur-
ther supports the presence of uptake systems.

The K,, derived from Scatchard analysis for high
affinity transport closely corresponds to the values
observed in the rat brain synaptosomes [22]. The K,
of low affinity corresponds to K, calculated in the
rat heart and kidney slices [23]. The uptake of
[*H]taurine was increased by removal of K and
Mg*", while Hruska er al. [22] have found that the
removal of K reduces the taurine uptake in rat
brain synaptosomes. The removal of Ca** only
slightly increased (Table 1) the uptake, while in the
rat retina the substitution of Ca?' with choline chlor-
ide causes a reduction in the taurine uptake, but the
substitution of Mg>* does not modify this process in
the same organ [24].

Borg et al. [25] also show that the uptake of taurine
in a calcium-free medium is significantly lower in the
neural and glial cells, and further evidence shows
that this uptake in the small intestine of the guinea-
pig is Na'- and Ca’*-dependent [26].

Table 2. K,,'s and By,'s calculated from Scatchard analysis in absence of ng.

Ca-', K*
K, By (fmoles/ug protein)

Standard incubation 1.5 % 107°M 5.76
buffer 1.94 x 107°M 3.05
Without K' 6.5 % 107"M 9.98
. 7.6 % 107'M 192

Without Mg*" 1 107°M 14.66
Without Ca®' 1.8 x 107°M 6.15
1.65 x 107°M 281
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Table 3. Effect of some analogues on [*H]taurine binding the gift of guanidethylsulphonate, to Prof. Adembri for the

gift of homotaurine, and to Miss Charlton for manuscript

Analogues Per cent binding preparation.

None 100 REFERENCES

p-Alanine 10mM 7.67 (6) 1. J. C. Jacobsen and L. H. Smith. Physiol. Rev. 48, 424
I mM 6.04 (5) (1968). .

Hypotaurine 10mM 28.94 (%) 2. D. S. Grosso and R. Bressler, Biochem. Pharmac. 25,

. I mM - 2227 (1976).

Homotaurine 10mM 17.07.(6) 3. A. Guidotti and A. Giotti. Rec. Prog. Med. 49, 61
1 mM 29.05 (5) (1970).

Guanidoethylsulphonate lomM %3'35 (3) 4.J. D. Welty and W. O. Read. J. Pharmac. exp. Ther.

L L mM 2.7 6) 199, 283 (1963).

Isethionic acid 10mM 121 (0) 5. G. P. Novelli. M. Ariano and R. Francini, Minerva

tmM 41 (O Anestesiol. 35, 1241 (1969).

Membranes were incubated in the presence of the ana-
logues. [*HJtaurine (0.5 uM) was added and incubation
continued for 30 min at 20°.

6. E. 1. Chazov, L. S. Malchikora, N. V. Lipine, G. B.

Asafov and V. N. Smirnov, Circulation Res. 34. Sup-
plement ITI, 11 (1974).

7. J. Dietrich and J. Diacono, Life Sci. 10, 499 (1971).

Numbers in brackets indicate number of experiments: g A Guidotti, G. Badiani and A. Giotti, Pharmac. Res.
each experiment was performed in triplicate. Commun. 3, 29 (1971).
*0.01 = P = 0.002. 9. P. Dolara, A. Agresti, A. Giotti and G. Pasquini. Eur.
10.01 = P = 0.001. J. Pharmac. 24, 352 (1973).
10. E. Kulakowski, J. Maturo and S. W. Schaffer,
Biochem. biophys. Res. Commun. 80. 936 (1978).
11. A. M. Kidwai, M. A. Radcliffe, G. Duchou and E. E.
Daniel, Biochem. biophyvs. Res. Commun. 45, 901
We observed the smallest apparent K,, in the (1971). X o
absence of K*. In the absence of Mg’", on the other 12. }()1'9;/1') Sulakhe and N. S. Dhalla, Life Sci. 10, 185
hand, only one system seemed to .be present Wlth a 13.T. E. i(ing, in Methods in Enzymology (Eds. R. W.
K,,, equal to that of the lOW-afﬁnlty system in the Eastbrook and M. E. Pul]man). P 322(1967)
control. Uptake in the absence of the same ion was 14 R. Schmid, W. Sieghart and H. Karobath. J. Neuro-
higher than in the control experiments suggesting chem. 25, 5 (1975).
that the uptake systems are modified quantitatively  15. H. E. Rosenthal, Analyt. Biochem. 20, 525 (1967).
and qualitatively by this absence. All these datalead  16. H. A. Feldman, Analyr. Biochem. 48, 317 (1972).
to the conclusion that the ions markedly affected 17 "lf(-)E‘iOV\gigzl%S)elbaum,Am-J- Clin. Pathol. (Tech. Sect.)
*H]taurine uptake processes. ’ : .
[ S]peciﬁcity gf uptz?ke was demonstrated by the fact 18 Rl<)71\g Johnstone, Can. J. Physiol. Pharmac. 57. 1
that taurine analogues were able to inhibit it (Table 19 é Val&u H. Weinstein. T. Kakefuda and E. Roberts
3), while isethionic acid increased it. These data, ' B‘iochem.y Pharmac. 14,’12'13 (1963). ' '
obtained on guinea-pig heart, do not agree With 20 K. Samo and E. Roberts, Biochem. Pharmac. 12, 489
those of Kulakowski et al. [10]. In fact these authors (1963).
measured the binding of [*H]taurine to rat sarco- 21. A.J. Kennedy and M. J. Voaden. J. Neurochem. 27.
lemma in an iso-osmotic medium and they found 131 (1976).
that B-alanine increased the binding and isethionic ~ 22. 1; E. Hrusl;;,lA. PP;ladjen‘ 1}4 E;e(slsge%)and H. L
cid inhibited it. Guinea-pig and rat hearts appar- amamura, Molec. Frarmac. 14, :
:ntly also Leave different g}gl optima. These dpi,f[;er- 23.J. Awapara and M. Berg, in Taurine (Eds. R. Huxtable
. . - and A. Barbeau), p. 135. Raven Press (1976).
ences support the observation of different actions 24. M. S. Starr. Biochem. Pharmac. 22. 1693 (1973)
exerted by taurine in the same organs of the two 55 | AB(.)rg, V. J. Balcar. T. Mark and P. Mandel. /.
animals [7]. Neurochem. 32, 1801 (1979).
26. F. Buffoni, P. Marino Pirisino, G. Banchelli Soldaini
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