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Expression of the GABA g receptor in Xenopus oocytes and inhibition of
the response by activation of protein kinase C
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The functional GABAR receplar wus expressed in Yenopur oocytes by injecing mRNA obtained from the ¢erebellum of the rat, Application o

GADA 1n the presence of bicuculling induced a hyperpolarization under currentclamp ¢onditions und an outward current under voltage-clam

condntions. Baclofen mimicked the effect of GABA in the presence of bicuculhing, and the effect of buclofen was antagonized by phiaclafen Th

GADBA-induced outward current was slightly inhibited by treatment with GDP-£S and wax completely inhibited by treatment with GTP. 48, Th

uctivaion of protein kinuse C by 12.O-tetradecanoylphorbol- | 3-acetate {TPA), but not 4x.pharbel-12.13-didecunaate, suppressed the GABAy re

ceplar-medinted hyperpolarization, and the effect of TPA wdas antagonized by sphingosine. Thus, activation of protein kinase C inlubits the ox
pressed GABAy reeplor-mediated response

GADAGg receptar. mRNA injected aacyte, Protein kinuse C

1. INTRODUCTION

The y-aminobutyric acid (GABA) receptors have
been classified 1nto two subtypes, termed GABA,4 and
GABAjp receptors, on the basis of their phar-
macological properties {3,4). The GABA, receptor with
its integrated C1~ channel is now well characterized and
recent studies revealed the amino acid sequence of this
receptor [16,22] . GABAg receptors have been proposed
1o be coupled to Ca** channels in dorsal root ganglia
[8,11] and to K* channels in hippocampal pyramidal
cells [2,9]. The Aenopus oocyte is a useful model to ex-
amine the molecular mechanisms of the modulation of
neurotransmitter responsed and ion channels., The
GABA, receptor has been expressed in Xenopus
oocytes by mnjecting RNA from the rat brain [12) and
the chick brain [17,25] and retina [1], and the GABAa4
receptor-mediated response was found to be suppressed
by the activation of protein kinase C [18]. On the other
hand, the expression of the GABAp receptors 1n the
Xenopus oocytes by injecting RNA has not been
reported. The concentration of GABAg sites in the
cerebellum has been shown to be higher than elsewhere
in the rat brain, as determined by receptor auto-
radiography [27]. We injected mRNA from the rat
cerebellum and examined the properties of the GABAp
receptor 1n relation to intracellular signal transduction
in Xenopus oocytes.,
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2. MATERIALS AND METHODS

Toral RNA was extracted from the cerebelium of 28 day old rs
using a guanidine thiocyanate/phenol/chloroform procedure (5
Poly-A * RNA (nRNA) was punified by passage through an oligo (d
cellulose affinity column The oacytes from Xenopus laevis wer
defolhiculated by treatment with collagenase Each defolliculate
oocyle wasinjected with 50 nl of mRNA solution (I mg/mi in water!
and incubated for 2-7 days at 18°C in sterite Barth's solution (NaC
90 7mM, KCl 1 mM, NaHCO,2.38 mM, MgS0, 0 81 mM, Ca(NO;!
0 34 mM, CuCl; 0 41 mM, Hepes/NaOH 9 | mM, pH 7.6) with 0
mg/ml gentamycin and 50 U/ml nystatin A single oocyte was place
in a chamber and perfused with medium composed of NaCl90 7 mM
KCl 1 mM, NaHCO: 2 38 mM, MgS0,4 0 81 mM, CaCl; 082 mMV
Hepes/NaOH 10 mM, pH 7 6, at room temperature The oocyte we
impaled with two microelectrodes, and responses to substances wer
recorded using current-clamp or voltage-clamp circuits The follow
ing chemicals were obtained from the indicated firms y-aminobutyr
acid (GABA), bicuculline methiodide, GDP-8-S, GTP-4.§, 12-C
tetradecanoylphorbol-13-acetate (TPA) and 4a-phorbol-12,13-d
decanoate (4x-PDD) (Sigma), baclofen (Ciba Geigy). phaclofe
(Tocris) and sphingosine (Serdary Research Laboratories)

3. RESULTS AND DISCUSSION

The effect of GABA was usually tested in th
presence of bicuculline, to avoid the GABA, receptor
mediated response. Under current-clamp conditions
the application of GABA in the presence of bicucullin
induced a hyperpolarization in the oocytes injected wit
RNA derived from the rat cerebellum (Fig. 1A), but nc
in the uninjected oocytes or in oocyies injected wit
medium containing no RNA. The GABA-induce
hyperpolarization occurred in 5 of 88 oocytes, 7 of 6
oocytes, 7 of 71 oocytes and 0 of 41 oocytes 3 days,
days, 5 days and 7 days after injecting RNA, respective
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Fig 1 GABA-agonmist-induced hyperpolanization and outward cur-
rent in the membrane of ooeytes injected with mMRNA Bicuculline at
107* M was present in the perfusion medium during experiments.
Oocytes injected with mRNA were incubated for 4 days. (A) GABA-
induced hyperpolarization under current-clamp conditions, (B)
GADBA-induced outward current under voltage-clamp conditions and
(C) antagonism by phaclofen of baclofen-induced hyperpolarization
under current clamp conditions

ly. In the absence of bicuculline, some RNA injected
oocytes from the same donor showed a depolarnizing
response of GABA, receptor origin. GABA generally
depolanizes membranes of oocytes injected with RNA
from the brain [12,17,25] and retina [1], which 1s
mediated by the stimulation of the bicuculline-sensitive
GABA receptor, Under voltage-clamp conditions, the
application of GABA in the presence of bicuculline in-
duced an outward cuirent at the holding potential of
-40 mV, however at the holding potential of -70 mV
GABA failed to induce any current (Fig. 1B), thereby
suggesting that the K™ channel was opened by stimula-
tion of the GABAp receptor. Baclofen, a GABAp
receptor agonist mimicked the effect of GABA in the
presence of bicuculline, and the effect of baclofen was
antagonized by phaclofen, a selective GABAg receptor
antagonist (Fig. 1C). These results indicate that the
functional GABAp receptor is expressed in oocytes
when RNA from the rat cerebellum 1s injected 1nto their
tissues In the dorsal root ganghon cells, stimulation of
the GABAGp receptor decreases the Ca?* current [7,21].
In the hippocampus, the GABABg recepters are located
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Fig. 2. Effect of GDP-#-S (A) and GTP-y-S (B) on the GABA-

induced outward eurrent under voliage-clamp condition of -40 mV

Bicuculline at 10~ * M was present 1n the perfusion medium Twenty

nl of GDP.3-Sar 10" *M or GTP-y-Sat 3 x 10" M was injected 10

min before theaddition of GABA. Oocytes injected with mMRNA were
ineubated for 4 daye at {8°C
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Fig 3 Suppression of GABA-induced hyperpolarization by activa-

tion of protein kKinase C, unde: current-clamp conditions Bicuculline

at 107 * M was present in the perfusion medium. TPA, 4a-PDD and

sphingosine were applied 10 min, 10 min and 15 min before the aadi-
tion of GABA
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bath pre- and posisynaptically. Either baclofen or
GABA in the presence of bicuculline increases K * con-
ductance and induces a hyperpolarization of pyramidal
¢ell membranes due to the stimulation of the postsynap-
tic GABAp receptors {9,10,14,19). In the hippocampus,
the response mediated by the activation of postsynaptic
GABAp, but not presynaptic GABAR receptor ix
phaclofen-sensitive [9). The GABA-induced outward
current was slightly inhibited by treatment with GDP-g-
S, the non-hydrolysabl¢ analogue of GDP and was
completely inhibited by treatment with GTP-4-8, the
non-hydrolysable analogue of GTP (Fig. 2), thereby in-
dicating that the expressed GABAp receptor is coupled
to GTP-binding proteins.

A phorbol ester, 12-O-tetradecanoyl-phorbol-13-ace-
tate (TPA) suppressed the GABAg receptor-mediated
hyperpolarization in the oocytes injected with RNA
(Fig. 3). In contrast, 4a-phorbol-12,13-didecanoate, a
non-activating analog of TPA, had no effect on the
GABAp receptor-mediated response. The suppressing
effect of TPA was antagonized by sphingosine, a com-
pound which inhibits the activity of protein kinase C,
These results indicate that the response mediated by
stimulation of the expressed GABAg receptor is sup-
pressed by the activation of protein kinase C, cor-
responding to the findings in the hippocampus, in
which the activation of protein kinase C by phorbol
ester suppresses the responses mediated by the stimula-
tion of either pre- or postsynaptic GABAg receptors
{12].

Protein kinase C may act through phosphotylation of
specific proteins The mechanism underlying the sup-
pression of the expressed GABAy receptor-inediated
response 1n the oocyte requires further study. Various
voltage-dependent and receptor-mediated 10n channels
were found to be modulated by the activation of protein
kinase C [23], It has been shown that the activation of
protein kinase C modulates nauve ion channels of in-
tact folliculated oocytes, for example, the adenostne-
induced K™ channel [6], and the expressed 1on channels
of the RNA injected oocytes, such as voltage-dependent
Ca?* channel [15,24], Na* channel [24] and the
GABA, receptor-mediated CI- channel {24].

S-Hydroxytryptamine-, GABA- and acetylcholine
(ACh)-induced inward currents were shown to be sup-
pressed by activation of protein kinase C [18]. Activa-
tion of protein kinase C was found to phosphorylate
receptors such as the nicotime ACh receptor, 3-
adrenoceptor, o;-adrenoceptor, and the «-subunit of
GTP-binding protein (G1), and the Na* channel
(13,20]. The GABAg receptor is the most plausible
target protein of protein kinase C because activation of
the enzyme seems to promote a form of heterogeneous
desensitization [13]. It 1s also possible that the GTP-
binding protein is a target of protein kinase C. There
are multiple subspecies of protein kinase C, and at least
4 of them a, I, BII and ~ are present in the brain [20].
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We could not determine which subspecies of protein
kinase C participates in inhibition of the GABAn
receptar-mediated response, since we did not rule out
the possibility that the mRINA from the 1at cerebellum
used in our study may have contained mRNA encoading
the multiple subspecies of protein kinase € [20,26]
together with that enceding the GABA reveptor.
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