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1 Activation of heterotrimeric guanine nucleotide-binding regulatory proteins (G-proteins)
functionally coupled to metabotropic glutamate receptors (mGluRs) was assessed by agonist-
induced high-affinity GTPase (EC3.6.1.-) activity in rat cerebral cortical membranes.

2 L-Glutamate (1 mM) stimulated high-affinity GTPase activity to the same extent throughout the
incubation period up to 20 min, in a Mg?*-dependent manner. The addition of 1 mM L-glutamate
augmented V.. of the enzyme activity (1670 to 3850 pmol mg~' protein 15 min~') with slight
increase in K, value (0.26 to 0.63 um).

3 The high-affinity GTPase activity was stimulated by the following compounds with a rank order
of potency of (25,2'R,3'R)-2-(2',3'-dicarboxycyclopropyl)glycine (DCG-1V) > (25,1'S,2'S)-2-(carbox-
yeyclopyropyl)glycine (L-CCG-I) > L-glutamate > 2R,4 R-4-aminopyrrolidine-2,4-dicarboxylate [(2R,
4R)-APDC] > 18,3R-1-aminocyclopentane-1,3-dicarboxylate [(1S5,3R)-ACPD] > (S)-4-carboxy-3-hy-
droxyphenylglycine [(S)-4C3HPG] > (S)-3-carboxy-4-hydroxyphenylglycine [(S)-3C4HPG] > ibote-
nate, but not by L-(+)-2-amino-4-phosphonobutyrate (L-AP4), (RS)-3,5-dihydroxyphenylglycine
[(RS)-3,5-DHPG], quisqualate, or L-serine-O-phosphate (L-SOP), indicative of involvement of group
II mGluRs, in particular mGluR2.

4 (25)-o-Ethylglutamate (EGLU), a presumably selective antagonist against group II mGluRs,
inhibited DCG-IV-stimulated high-affinity GTPase activity in a competitive manner with an
apparent Kz of 220 uM.

5 L-Glutamate-stimulated activity was eliminated by pretreatment of the membranes with
sulfhydryl alkylating agent N-ethylmaleimide (NEM) at 30—50 uM, indicating that G-proteins of
the G; family are involved.

6 These results indicate that mGluR agonist-induced high-affinity GTPase activity in rat cerebral
cortical membranes may be used to detect the functional interaction between group II mGluRs, in
particular mGluR2, and NEM-sensitive G; proteins.
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(1S,3R)-ACPD, 1S.,3R-1-aminocyclopentane-1,3-dicarboxylate; (2R,4R)-APDC, 2R.,4R-4-aminopyrrolidine-2,4-
dicarboxylate; CHO, Chinese hamster ovary; DCG-IV, (2S,2'R,3'R)-2-(2',3'-dicarboxycyclopropyl)glycine;
EGLU, (295)-a-ethylglutamate; %E,,.,, maximal per cent increase above basal value; G-protein, guanine
nucleotide-binding regulatory protein; IAP, islet-activating protein; L-AP4, L-(+)-2-amino-4-phosphonobuty-
rate; L-CCG-I, (28,1'S,2'S)-2-(carboxycyclopropyl)glycine; L-CCG-II, (2S,1'R,2'R)-2-(carboxycyclopropyl)gly-
cine; L-SOP, L-serine-O-phosphate; MCCG, (285,35,4S)-2-methyl-2-(carboxycyclopropyl)glycine; mGluR,
metabotropic glutamate receptor; NEM, N-ethylmaleimide; (RS)-3,5-DHPG, (RS)-3,5-dihydroxyphenylglycine;
(S)- and (R)-3C4HPG, (S)- and (R)-3-carboxy-4-hydroxyphenylglycine; (S)- and (R)-4C3HPG, (S)- and (R)-4-
carboxy-3-hydroxyphenylglycine; (S)- and (R)-4CPG, (S)- and (R)-4-carboxyphenylglycine; (S)- and (R)-3HPG,
(S)- and (R)-3-hydroxyphenylglycine; (S)- and (R)-MCPG, (S)- and (R)-z-methyl-4-carboxyphenylglycine; TED
buffer, 5 mM Tris-HCI, 1 mm EDTA, 1 mMm dithiothreitol, pH 7.4

Introduction

Glutamate, a major excitatory amino acid in the mammalian
central nervous system, is an important neurotransmitter, the
actions of which are not only mediated through ligand-gated
cationic channels NMDA, AMPA, and kainate receptors, but
also through receptors coupled to guanine nucleotide-binding
regulatory proteins (G-proteins) (Pin & Duvoisin, 1995; Conn
& Pin, 1997). Such G-protein coupled receptors are designated
as metabotropic glutamate receptors (mGIluRs) and eight
genes coding for these receptors (mGluR1 through mGluRS)

*Author for correspondence.

have been cloned thus far. Based on their amino acid sequence
identity in conjunction with their transduction mechanisms
and pharmacological characteristics, mGluRs have been
divided into three subgroups (groups I-III). Group I
comprises mGIluR1 and mGluRS5, and has been shown to
stimulate phospholipase C as revealed by an increase in
phosphoinositide turnover and Ca®" release from internal
stores. The latter two groups, i.e., group II (mGluR2 and
mGluR3) and Group III (mGluRs4, 6, 7, and 8), have been
generally considered to couple to the same intracellular signal
transduction, namely, inhibition of adenylyl cyclase activity,
but with different pharmacological characteristics.
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Although it is most likely that heterotrimeric G-proteins
mediate the above-mentioned signal transduction mechanisms
evoked by activation of mGluRs, there have been few reports
focused directly on the functional coupling between mGluRs
and G-proteins, particularly in native brain membranes. We
previously showed the use of agonist-induced increase in
high-affinity GTPase (EC3.6.1.-) activity in native brain
membranes especially when associated with adenylyl cyclase
inhibition (Odagaki & Fuxe, 1997). In fact, our preliminary
report regarding the L-glutamate-stimulated high-affinity
GTPase activity in rat brain membranes indicated that this
response in the cerebral cortex is probably mediated through
group II mGluRs (Odagaki et al., 1996), which are known to
be coupled to the inhibition of adenylyl cyclase activity.
However, because of limitations of the number of compounds
applied to this study, the exact pharmacological characteriza-
tion of the mGluR(s)-mediated high-affinity GTPase activity
was unclear. Therefore, in the present study, we have
examined a series of agonists either selective or nonselective
for the individual mGIuR groups, on the high-affinity
GTPase activity in rat cerebral cortical membranes, and
extended the preliminary results in our previous report
(Odagaki et al., 1996).

Methods

Membrane preparation

Male Sprague-Dawley rats were sacrificed by decapitation
and their brains were quickly removed. All of the following
manipulations were done speedily on ice and centrifugations
were performed at 4°C. Cerebrocortical tissues dissected from
each rat were homogenized in 5 ml of ice-cold TED buffer
(5 mm Tris-HCL, 1 mm EDTA, 1 mMm dithiothreitol, pH 7.4)
containing 10% (w v~") sucrose using a motor-driven Teflon/
glass tissue grinder (20 strokes). The homogenate was
centrifuged at 1000 x g for 10 min, and the supernatant was
kept on ice while the pellet was resuspended in 5 ml of TED/
sucrose buffer and centrifuged again at 1000 x g for 10 min.
The combined supernatant was then centrifuged at 9000 x g
for 20 min. The pellet was resuspended in 10 ml of TED
buffer and centrifuged at 9000 x g for 20 min. The resulting
pellet was resuspended in 10 ml of TED buffer and
maintained on ice for 30 min. Finally the suspension was
centrifuged at 35,000 xg for 10 min and the pellet was
suspended in 3.0 ml of 50 mM Tris-HCI buffer (pH 7.4). The
homogenate equivalent to 1.6—3.2 mg protein ml~' was
divided into 150-ul aliquots, frozen quickly on powdered dry
ice, and stored at —80°C until use. The protein concentration
was determined by the method of Lowry et al. (1951), using
BSA as a standard.

Pretreatment of the membranes with N-ethylmaleimide
(NEM)

The thawed membranes were diluted to 1 ml with 50 mM Tris-
HCl buffer (pH 7.4), which contained NEM at various
concentrations. The homogenate was incubated at 4°C for
15 min, followed by the addition of dithiothreitol at 1 mMm.
The NEM-treated membranes were centrifuged at 5000 x g for
10 min and washed with 1 ml of the buffer. The final pellet
resulted from the same centrifugation was resuspended in
1.5 ml of 50 mM Tris-HCI buffer (pH 7.4), 25-ul aliquots of
which were used for GTPase assay.

GTPase assay

The activation of GTP hydrolysis was determined by
measuring *?P; liberated from [y-**P]-GTP, as described in
detail elsewhere (Odagaki & Fuxe, 1997). In brief, the thawed
membranes were diluted in 50 mM Tris-HCI (pH 7.4) and the
aliquots equivalent to 4—8 ug protein were incubated at 30°C
for the indicated period (15 min under standard assay
condition) in 100 ul of the incubation medium containing the
following constituents (mm): Tris-HCI1 (pH 7.4) 50, MgCl, 2,
EDTA 0.1, EGTA 0.2, dithiothreitol 0.2, 3-isobutyl-1-
methylxanthine 0.5, ATP 0.5, 5-adenylylimidodiphosphate
0.5, phosphocreatine 5, cyclic AMP 0.5, NaCl 100, 0.3 uMm
[y-**P]-GTP, 5 u creatine phosphokinase, 50 ug BSA, and the
compound under test at various concentrations. In the GTP
dilution experiments, the membranes were incubated with
0.1 um [y-**P]-GTP and unlabelled GTP at various concentra-
tions. The effect of Mg?* was examined in the presence of
various concentrations of MgCl, in the assay buffer. The low-
affinity GTPase activity was determined in the presence of
100 uM unlabelled GTP, which was subtracted from the total
activity to define the high-affinity GTPase activity. The
incubation was terminated by chilling all tubes in ice-cold
water, followed by an addition of 500 ul of 20 mM phospholic
acid containing 5% (w v~') of activated charcoal. The tubes
were centrifuged at 13,000 x g for 10 min, and an aliquot
(200 pl) taken from the supernatant fraction was poured onto
the solid scintillator, Ready Cap (Beckman; Fullerton, CA,
U.S.A.). The radioactivity of liberated **P; was measured as
c.p.m. with a liquid scintillation spectrometer. Each experi-
ment was performed in duplicate and repeated with at least
three different membranes.

Data analysis

All results were presented as means+s.e.mean. When
appropriate, the increase in high-affinity GTPase activity
elicited by a mGIluR agonist was analysed by computer-
assisted non-linear regression program originally designed for
enzyme reactions in accordance with the Michaelis-Menten
equation to determine the maximal per cent increase above
basal value (%E,.«) and ECs,.

Chemicals

[y-**P]-GTP (30 Ci mmol~'") was purchased from New
England Nuclear (Boston, MA, U.S.A.). 2R,4R-4-aminopyr-
rolidine-2,4-dicarboxylate [(2R,4R)-APDC] was a generous
gift from Lilly Research Laboratories (Indianapolis, IN,
U.S.A)). L-Glutamate was from Kanto Chemical Co. (Tokyo,
Japan). (2S)-a-Ethylglutamate (EGLU) and the following
glycine derivatives and phenylglycine derivatives; (2S,2'R,
3'R)-2-(2',3’-dicarboxycyclopropyl)glycine (DCG-1V), (2S,1'S,
2'S)-2-(carboxycyclopropyl)glycine (L-CCG-I), (2S,1'R,2'R)-2-
(carboxycyclopropyl)glycine (L-CCG-II), (S)- and (R)-4-
carboxy-3-hydroxyphenylglycine [(S)- and (R)-4C3HPG], (S)-
and (R)-3-carboxy-4-hydroxyphenylglycine [(S)- and (R)-
3C4HPG], (S)- and (R)-4-carboxyphenylglycine [(S)- and
(R)-4CPG], (S)- and (R)-3-hydroxyphenylglycine [(S)- and
(R)-3HPG], (RS)-3,5-dihydroxyphenylglcine [(RS)-3,5-
DHPG], (28,35,4S5)-2-methyl-2-(carboxycyclopropyl)glycine
(MCCQG), and (S)- and (R)-a-methyl-4-carboxyphenylglycine
[(S)- and (R)-MCPG], were from Tocris Cookson (Bristol,
U.K.). 1S8,3R-1-Aminocyclopentane-1,3-dicarboxylate [(1S,
3R)-ACPD], ibotenate, L-serine-O-phosphate (L-SOP) from
Research Biochemical International (Natick, MA, U.S.A.). All
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other chemicals were obtained from Sigma Chemical Co. (St.
Louis, MO, U.S.A)).

Results

Fundamental characteristics of L-glutamate-stimulated
high-affinity GTPase activity

The time course of [y-**P]-GTP hydrolyzing activity is shown in
Figure 1. The amounts of **P; released from 0.3 uM [y-**P]-GTP
were increased according to the incubation period (0—20 min)in
acurvilinear manner. Nevertheless, the per cent increase in high-
affinity GTPase activity elicited by 1 mM L-glutamate was
approximately constant (~40%) throughout the incubation
period up to 20 min. The incubation time of 15 min was chosen
as a standard assay period in the following experiments.

As shown in Figure 2A, the amounts of *P; released from
0.1 um [y-*P]-GTP were gradually decreased by the addition
of increasing concentrations of unlabelled GTP. The GTP
hydrolyzing activity reached a plateau in the presence of
100 uM  unlabelled GTP, indicative of the existence of
nonspecific, low-affinity GTP hydrolyzing activity probably
derived from some GTP hydrolyzing components other than
receptor-coupled heterotrimeric G-proteins. The augmentative
effects of 1 mM L-glutamate on the activity were cancelled in
the presence of 100 M unlabelled GTP. When the low-affinity
GTPase activity, defined in the presence of 100 uM unlabelled
GTP, was subtracted from the total value, the high-affinity
GTPase activity could be determined in the absence and
presence of 1 mM L-glutamate (Figure 2B). In the absence of
an agonist, the cerebral cortical membranes possessed the
high-affinity GTPase activity with a mean V., of 1670+
100 pmol mg™" protein 15 min™' (n=4) and a mean K,, for
GTP of 0.26 uMm (—1logK,;=6.59+0.06). The addition of
1 mM L-glutamate augmented the V., value to 3850+
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1500 b —@®— L-Glutamate (1 mM)
—{— GTP (0.1 mM)

1000 [

GTP Hydrolysis (pmol mg - protein)
5
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S
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Incubation time (min)

Figure 1 Time course of GTP hydrolysis in rat cerebral cortical
membranes. The hydrolysis of 0.3 uM [y°2P]-GTP was determined in
the absence and presence of 1 mMm of L-glutamate after different
incubation periods at 30°C. The low-affinity GTPase activity, defined
in the presence of 100 uM unlabelled GTP, was also determined.
Values are means+s.e.mean of four separate experiments, each
performed in duplicate.

211 pmol mg~"! protein 15 min~"' (n=4), with a slight increase
in the mean K, value to 0.63 uM (—1logK,,=6.20+0.04).

The effects of Mg>* on GTP hydrolyzing activities were
investigated by changing the concentrations of MgCl, added in
the incubation medium. As shown in Figure 3A, the addition
of millimolar concentrations of MgCl, nonselectively augmen-
ted total and low-affinity GTPase activities. In the absence of
MgCl,, the stimulatory effect of 1 mM L-glutamate was
obscure in spite of the presence of high-affinity GTPase
activity. The use of MgCl, at millimolar concentrations was
necessary in order to maximize the L-glutamate-induced high-
affinity GTPase activity (Figure 3B). Based on these data, we
used a concentration of 2 mM Mg?" in the standard assay for
the following experiments.
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Figure 2 Isotopic dilution of GTP hydrolysis in rat cerebral cortical
membranes. (A) The amounts of **P; released from 0.1 um [y-**P]-
GTP in the absence and presence of 1 mM L-glutamate were
determined in the presence of different concentrations of unlabelled
GTP. (B) The high-affinity GTPase activity in the absence and
presence of 1 mM L-glutamate was determined at various concentra-
tions of GTP. Values are means+s.e.mean of four separate
experiments, each performed in duplicate.
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Pharmacological profile of the mGluR-mediated
high-affinity GTPase activity

Following determination of the fundamental characteristics of
GTPase activity as described above, the effects of a series of
mGIluR agonists were investigated. High-affinity GTPase
activity was stimulated by some of the compounds examined,
in a concentration-dependent and saturable manner as
exemplified in Figure 4. The most potent among these
compounds was DCG-IV, with a mean ECs, value of 0.21 um.
As summarized in Table 1, the enzyme activity was also
stimulated by L-CCG-I (0.90), L-glutamate (4.8), (2R,4R)-
APDC (6.8), (1S,3R)-ACPD (11), (S)-4C3HPG (37), (S)-
3C4HPG (150) and ibotenate (390), with mean ECs, values
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Figure 3 Effects of MgCl, on GTP hydrolysis in rat cerebral cortical
membranes. (A) The hydrolysis of 0.3 uM [y*?P]-GTP was determined
in the absence and presence of | mm L-glutamate at various
concentrations of MgCl,. The low-affinity GTPase activity was
determined in the presence of 100 um unlabelled GTP. (B) The
increase in high-affinity GTPase activity by 1 mm L-glutamate was
determined at various concentrations of MgCl,. Values are means
+s.e.mean of four separate experiments, each performed in
duplicate.

(uM) indicated in the respective parentheses. Conversely, the
addition of other compounds listed in Table 1 produced no or
little stimulation of the high-affinity GTPase activity even at
high concentrations [1 mM with the exception of 10 uM for L-
AP4 and 300 puM for (RS)-3,5-DHPG]. Although some of these
compounds appeared to augment the activity to some extent at
the highest concentrations examined [e.g. 8.2+0.5% by 1 mM
quisqualate, Figure 4; 8.2+3.8% by 2.5mM (S)-4CPG;
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Figure 4 Representative concentration-response curves of mGluR
agonist-induced high-affinity GTPase activity in rat cerebral cortical
membranes. The per cent increase in high-affinity GTPase activity
above the respective basal unstimulated activity was determined in
the presence of increasing concentrations of DCG-1V, (2R, 4R)-
APDC, ibotenate, and quisqualate. Values are means+s.e.mean of
4-5 separate experiments, each performed in duplicate.

Table 1 Agonistic effects of various mGluR-related com-
pounds on high-affinity GTPase activity in rat cerebral
cortical membranes

mean ECs

Compound n PECs (um) % E ax
DCG-1V 5  6.68+0.08 0.21 36.5+1.8
L-CCG-1I 5 6.0540.10 0.90 18.743.2
L-Glutamate 4  532+0.06 4.8 32.3+4.9
(2R,4R)-APDC 5  5.17+0.01 6.8 38.84+2.6
(1S,3R)-ACPD 5 4.9840.07 11 25.74+1.5
(S)-4C3HPG 5 4.4340.02 37 18.3+1.8
(S)-3C4HPG 5 3.8440.08 150 26.8+1.5
Ibotenate 4 3.4140.03 390 25.84+1.0
L-AP4 4 - >10 -
(RS)-3,5-DHPG 6 - >300 -
Quisqualate 4 - >1000 -
L-CCG-II 4 - >1000 -
L-SOP 3 - >1000 -
(R)-4C3HPG 5 - >1000 -
(R)-3C4HPG 4 - > 1000 -
(S)-4CPG 5 - >1000 -
(R)-4CPG 5 - >1000 -
(S)-3HPG 6 - > 1000 -
(R)-3HPG 6 - >1000 -
MCCG 6 - >1000 -
(S)-MCPG 6 - > 1000 -
(R)-MCPG 6 - >1000 -
EGLU 3 - >1000 -

British Journal of Pharmacology, vol 130 (7)
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15.143.2% by 2.5mM (RS)-3,5-DHPG], the exact ECs,
values for these potentially weak agonists were indeterminable.

The concentration-response curve for the increase in high-
affinity GTPase activity elicited by DCG-IV was shifted
rightward in parallel by the addition of increasing concentra-
tions (0.15, 0.45 and 1.5 mM) of EGLU (Figure 5A). Schild
analysis of three separate experiments gave a mean apparent
Ky value for EGLU of 0.22 mM (pKz=3.66+0.23), with a
slope of 0.94+0.25, indicative of the competitive manner of
antagonism.

Effect of NEM on L-glutamate-elicited high-affinity
GTPase activity

The effect of pretreatment of the membranes with different
concentrations of the sulfhydryl alkylating agent NEM for
15 min at 4°C is shown in Figure 6. The stimulatory effect of
100 uMm L-glutamate on the high-affinity GTPase activity
GTPase activity was reduced when the membranes were
pretreated with increasing concentrations of NEM, and almost
complete inhibition was achieved with concentrations of NEM
above 30 uM.

Discussion

The fundamental characteristics of the L-glutamate-stimulated
high-affinity GTPase activity in rat cerebral cortical mem-
branes were similar to those mediated through other
metabotropic receptors in rat brain membranes. The curvi-
linear time course of GTP hydrolyzing activity was also
observed in rat hippocampal (Odagaki & Fuxe, 1995¢) and
striatal (Odagaki & Fuxe, 1995b) membranes. The addition of
I mM L-glutamate increased the V., of the high-affinity
GTPase activity and slightly increased K,, for GTP, consistent
with previous studies of agonist-induced high-affinity GTPase
activities mediated through other receptors (Odagaki & Fuxe,
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Figure 5 Antagonism of DCG-IV-stimulated high-affinity GTPase
activity by EGLU in rat cerebral cortical membranes. The increase in
high-affinity GTPase activity by various concentrations of DCG-1V
was determined in the absence and presence of 0.15, 0.45 and 1.5 mm
EGLU. The respective %E,.x values were normalized to 100. Values
are means+s.e.mean of three separate experiments, each performed
in duplicate.
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Figure 6 Effect of NEM pretreatment on GTP hydrolysis in rat
cerebral cortical membranes. The hydrolysis of 0.3 um [y**P]-GTP
was determined in the absence and presence of 100 uMm L-glutamate in
the membranes pretreated with various concentrations of NEM at
4°C for 15 min. The low-affinity GTPase activity was determined in
the presence of 100 um unlabelled GTP. Values are means +s.c.mean
of four separate experiments, each performed in duplicate.

1995a—c). Finally, the strict requirement of millimolar
concentrations of Mg?* for detecting the L-glutamate-
stimulated high-affinity GTPase activity was also characteristic
of receptor-mediated activation of G-proteins as demonstrated
previously (Odagaki & Fuxe, 1995b,c). Consequently, these
features are consistent with the notion that L-glutamate-
elicited high-affinity GTPase activity derives from hetero-
trimeric G-proteins which are coupled to and activated by the
glutamate receptors associated with second messenger gen-
erating systems, namely mGluRs.

The involvement of group I mGluRs can be excluded by the
fact that (RS)-3,5-DHPG and (S)-3HPG, both of which have
been shown to be specific group I mGluR agonists (Conn &
Pin, 1997; Schoepp et al., 1999), are devoid of stimulatory
effects at least up to 300 and 1000 uM, respectively. In
addition, quisqualate was an extremely weak agonist in our
assay system despite its reportedly (sub)micromolar potency
for group I mGluRs (Pin & Duvoisin, 1995; Conn & Pin, 1997;
Schoepp et al., 1999). It is generally accepted that group I
mGIluRs are coupled to phosphoinositide turnover/Ca>*
release through G, family (Pin & Duvoisin, 1995), although
G-proteins of the G; family are also likely to be involved in
some cases as indicated by a partial sensitivity to pertussis
toxin (islet-activating protein, IAP) (Houamed et al., 1991;
Masu et al., 1991; Aramori & Nakanishi, 1992; Pin et al., 1992;
Pickering et al., 1993). Because the assay for agonist-induced
high-affinity GTPase activity in brain membranes seems
preferable for receptors associated with adenylyl cyclase
inhibition (Odagaki & Fuxe, 1997), it is possible that L-
glutamate-stimulated high-affinity GTPase activity in the
present study does not derive from the G, family coupled
with group I mGluRs.

The involvement of group III mGluRs is also excluded
clearly by the pharmacological profile of the response. The
high-affinity GTPase activity was unresponsive to L-AP4 and
L-SOP up to the highest concentrations examined, i.e., 10 and

British Journal of Pharmacology, vol 130 (7)
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1000 uMm, respectively. Both compounds have been shown to be
very specific agonists for group III mGluRs with (sub)micro-
molar potencies (Pin & Duvoisin, 1995; Conn & Pin, 1997;
Schoepp et al., 1999) with the exception of lower potencies
(160 pum) for mGluR7 (Okamoto et al., 1994). The pharmacol-
ogy of mGIluR7 is quite unique in that L-glutamate is a very
weak agonist with an ECs, of 1000 uM (Okamoto ef al., 1994),
and thus an involvement of this receptor subtype in the present
investigation is unlikely. It is also highly unlikely that mGIuR6
is involved as this receptor subtype is formed in the inner
nuclear layer of the retina, but not in brain (Nakajima et al.,
1993).

The apparent lack of involvement of group III mGluRs can
not be accounted for by the preference of the assay per se for
the interaction between inhibitory receptors and G; associated
with adenylyl cyclase inhibition (Odagaki & Fuxe, 1997), since
group III as well as group II mGluRs have been presumed to
functionally couple to adenylyl cyclase inhibition through
IAP-sensitive G-proteins (Pin & Duvoisin, 1995; Conn & Pin,
1997). Indeed, it has been reported that activation of group III
mGluRs by L-AP4 results in the inhibition of forskolin-
stimulated cyclic AMP accumulation in adult rat cortical slices
(Bedingfield et al., 1995; Kemp et al., 1996). On the other hand,
mGIluR agonists have been shown to inhibit forskolin-
stimulated cyclic AMP formation to a lesser extent in
mGluR4-expressing CHO cells as compared with mGluR2-
expressing cells (Hayashi et al., 1992; 1994; Cavanni et al.,
1994), possibly indicating that mGluR2 (group II) are
functionally coupled to G; more efficaciously than mGluR4
(group III). Saugstad er al. (1994) also suggested that
inhibition of adenylyl cyclase might not be the predominant
transduction mechanism for mGluR7. The primary intracel-
lular signal transduction system evoked by the activation by
group III mGluRs may not be adenylyl cyclase inhibition, thus
involving G-proteins other than the G; family.

Whatever the underlying mechanism(s), the agonist profile in
order of potency determined in the present investigation, DCG-
IV >L-CCG-I > L-glutamate > (2R,4R)-APDC > (15,3R)-ACP
D > (S)-4C3HPG > (S)-3C4HPG > ibotenate, is in good accor-
dance with that described for group II mGluRs, in particular
mGIluR2 (Conn & Pin, 1997; Schoepp et al., 1999). Of these
agonists, (2R,4R)-APDC has been shown to be a highly specific
group II mGluR agonist with an ECs, value of 12.9 um as
determined using inhibition of forskolin-stimulated cyclic AMP
accumulation in the rat hippocampus (Schoepp et al., 1995). In
the present study, (2R,4R)-APDC acted as a full agonist with a
compatible ECs, value of 6.8 uM. The agonistic properties of
some phenylglycine derivatives such as (S)-4C3HPG and (S)-
3C4HPG in the present study also strengthen the above-
mentioned conclusion because these two compounds have been
shown to act as agonists and antagonists for mGluR2 and
mGluR1, respectively, and to lack either agonistic or antag-
onistic effects on mGluR4 (Cavanni et al., 1994; Hayashi et al.,
1994; Thomsen et al., 1994).
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