v

ELSEVIER European Journal of Pharmacology 335 (1997) 65-72

The rat mGlu,, receptor splice variant shares functional properties with
the other short isoforms of mGlu, receptor
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Abstract

Three splice variants of the rat metabotropic glutamate receptor 1 (mGlu,,, ;, and ;. receptors) have been characterized so far. All
have the same sequence up to the 46th residue following the 7th transmembrane domain, followed by different carboxyl-terminal tails.
Whereas mGlu,, and mGlu,. receptors possess a short intracellular carboxyl-terminal tail, the mGlu,, receptor has a very long one.
Compared to cells expressing mGlu,,, or mGlu,. receptors, a higher agonist potency and basal phospholipase C activity were detected in
cells expressing mGlu,,, receptors. Another variant with a short carboxyl-terminal tail, the HmGlu,, receptor, has been recently isolated
from human brain. Here we show that the mGlu,, receptor variant also exists in the rat. Like all rat mGlu, receptor variants, the mGlu,
receptor activates phospholipase C upon stimulation with mGlu, receptor agonists. Although the rank order of agonist potency is the same
on mGlu,, and mGlu,4 receptors, agonists are less potent in stimulating phospholipase C in mGlu, 4 receptor-expressing cells than in cells
expressing mGlu,, receptors. Moreover, like the other short variants it has no significant constitutive activity. These results indicate that
the mGlu,, receptor shares similar functional properties with the other short mGlu, receptor splice variants, and further suggests that the

long carboxyl-terminal tail of the mGlu,, receptor increases phospholipase C coupling efficacy. © 1997 Elsevier Science B.V.
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1. Introduction

The metabotropic glutamate (mGlu), Ca?*-sensing and
GABA ; receptors share primary seguence homology and
congtitute a new family of G-protein coupled receptors
(Houamed et al., 1991; Masu et al., 1991; Brown et a.,
1993; Nakanishi, 1994; Pin and Duvoisin, 1995; Conn and
Pin, 1997, Kaupmann et a., 1997). Whereas the agonist
binding site is located within a hydrophaobic cleft formed
by the 7 transmembrane domains in most G-protein cou-
pled receptors, it is located within the large extracellular
domain of mGlu receptors, a domain homologous to bacte-
rial periplasmic binding proteins (O'Hara et al., 1993;
Takahashi et al., 1993; Tones et d., 1995). Moreover, the
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second intracellular loop of mGlu receptors likely plays a
role equivalent to that of the third intracellular loop of the
other G-protein coupled receptors in G-protein coupling
and activation (Pin et al., 1994, 1996; Gomeza et al.,
1996a).

Among the 8 mGlu receptor subtypes cloned so far, the
phospholipase C-coupled mGlu,, and mGlug receptors,
possess a surprisingly long carboxyl-terminal intracellular
domain (350 residues), the role of which is not yet fully
characterized. Two other splice variants of the mGlu,
receptor differ in the length of their intracellular tail (Pin et
a., 1992; Tanabe et a., 1992). In mGlu,, and mGlu,,
receptors, the 313 carboxyl-terminal residues of the mGlu,,
receptor are replaced by 20 and 11 residues, respectively.
Some functional differences have been noticed between
mGlu,, and the short receptors. Compared to mGlu,,, and
mGlu,,, receptors, the mGlu,, receptor induces faster Ca?*
responses (Pin et al., 1992; Simoncini et al., 1993) and is
activated by lower concentrations of agonists (Pickering et
al., 1993; Flor et a., 1996). Moreover, in contrast to
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mGlu,, and mGlu,, receptors, the mGlu,, receptor stimu-
lates cAMP formation (Gabellini et al., 1993; Pickering et
al., 1993; Joly et d., 1995; Thomsen, 1996), and possesses
a detectable constitutive activity (Gabellini et al., 1994;
Prézeau et al., 1996).

Recently, a new mGlu, receptor splice variant called
the HMGIu,, receptor has been identified in human brain
(Laurie et al., 1996). The 308 carboxyl-terminal residues
of the HmGlu,, receptor are replaced by 22 residues in the
HmMGIu,, receptor making it similar in length to mGlu,,
and mGlu,, receptors. Although the HmGlu,, receptor has
been shown to induce Ca?*-release from internal stores, its
functional and pharmacological properties have not been
fully analyzed yet (Laurie et al., 1996). The am of the
present study was to determine whether such an additional
mMGlu, receptor splice variant was also expressed in the rat
brain and to compare its functional properties in heterolo-
gous expression systems to those of the other mGlu,
receptor splice variants.

2. Materials and methods

2.1. Polymerase chain reaction (PCR) amplification of the
mGlu,, receptor cDNA

Total RNA was prepared from adult rat brain as de-
scribed (Sambrook et al., 1989). One microgram of RNA
was used per reaction to synthesize cDNA with the Perkin
Elmer Cetus GeneAMP RNA PCR Kit. PCR amplification
was then performed using three sets of primers. Three
cDNA fragments were thereafter amplified: an N termina
fragment (N, 1770 bp), alinker fragment (L, 872 bp) and a
carboxyl-termina fragment (C, 1860 bp). PCR primers
were designed based on the rat mGlu,, receptor sequence
(Masu et al., 1991): for the N fragment: 5-TTC GCC ACA
ATG GTC CGG CTC-3 and 5-GTC ACT CAC TCA
AGA TAA CGG A-3, for the L fragment: 5-TGT CAT
CAA TGC CAT CTA TGC CAT G-3 and 5-CTC ATG
AAT CTG GGC TTC CGG GT-3; and for the C frag-
ment: 5-ACA CTA CAG GGT GGA AGA GCT T-3 and
5-TCC GTT ATC TTG AGT GGA GTC AC-3. The PCR
reaction was run for 40 cycles of 1 min, at 95°C, 1 min at
55°C and 2 min at 72°C. The 10 X buffer Il supplied by
the manufacturer was substituted by a 10 X buffer 111 (300
mM tricine pH 8.4, 20 mM MgCl,, 50 uM B-mercapto-
ethanol, 0.1% gelatin, 1% thesit (Ponce and Micol, 1992)).
PCR products were separated by electrophoresis on a 1%
agarose gel, excised and cloned into pBluescript-KS
(Stratagene). The full length cDNA was then constructed
using the unique restriction sites Nco-I and Bgl-1l. The
cDNA was sequenced using the Applied Biosystems Model
373A DNA sequencing system with Taq DyeDeoxy™
terminator kit (Perkin Elmer). Sequence anaysis was per-
formed using the Wisconsin Sequence Analysis Package
(Genetics Computer Group, Madison, WI, USA).

2.2. PCR amplification of the mGlu, receptor mRNA
splice site region

Total RNA was prepared from rat cerebellum, hip-
pocampus and forebrain using the RNA NOW™ reagent
(Biogentex). 0.5 p.g of total RNA was reverse transcribed
into cDNA using Moloney Murine Leukemia Virus Re-
verse Transcriptase and random hexamers from a Perkin
Elmer Cetus GeneAMP RNA PCR Kit and fragments
spanning the region of the splice site of mGlu, receptors
were amplified. The 5 and 3 primers for PCR were
5-TCA CGA CCT CTG ATG TTG TC-3 and 5-CTG
CCA CAC GTG CTG TCC CT-3. A schematic represen-
tation of the position of these oligonucleotides on mGlu,
receptor MRNA is given in Fig. 1a. The PCR amplification
reaction was performed for 30 cycles of 1 min at 95°C, 1
min at 65°C and 2 min at 72°C. The PCR products were
analyzed on a 4% agarose gel (Metaphor agarose, Tebu)
and cloned into the pCR-I1™ vector (InVitrogen). DH5«
bacteria (BRL /GIBCO) were transformed with pCR-I11™
DNA containing splice variant inserts. The splice variants
amplified were analyzed by size after digestion of plasmid
DNA with BstXl or double digestion with BamHI and
Not! followed by electrophoresis on a 4% agarose gel.
Sequencing of the different fragments was done in both
directions. Splice variant frequency was analyzed by se-
lecting individual colonies of transformed bacteria and
analyzing their insert as described above.

2.3. Construction of mGlu,, receptor expression plasmid

The Sph-1-Kas-| fragment of pRKGla (rat mGlu,,
receptor cDNA into the mammalian expression vector
pRK5 (Joly et al., 1995)) was replaced by the Sph-1-Kas-I
fragment of mGlu,, receptor cONA assembled from PCR
products.

2.4. Culture and transfection of human embryonic kidney
(HEK) 293 cells

HEK 293 cells were cultured in Dulbecco’s modified
Eagle’'s medium (DMEM, Gibco BRL) supplemented with
10% fetal calf serum and transfected by electroporation as
previously described (Gomeza et a., 1996b). Electropora-
tions of 10 million cells were carried out in a total volume
of 300 .l with 10 pg carrier DNA and 1 g of plasmid
DNA containing mGluy,, 45, 1c OF 14 F€ceptor sequences.
Cells were then spliced in 12 wells clusters in DMEM
supplemented with 10% fetal calf serum. Two hours later
the cells were washed and the medium was replaced by
DMEM containing Glutamax-1 instead of glutamine (Gibco
BRL) and no serum.

2.5. Determination of inositol phosphates accumulation

Two hours after electroporation, the culture medium
was changed for medium containing [*H]myo-inositol (23.4
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Fig. 1. Schematic representation, sequence and expression of the rat mGlu,y receptor splice variant. (a) Schematic representation of the C-terminal
sequence of the mGlu, receptor splice variants. The C-terminal end of the coding sequence is represented as white boxes, the 7th transmembrane domain
corresponds to the black square. The untranslated regions are indicated by horizontal lines. Identical sequences found in the different variants are joined by
dashed lines. Introns involved in the generation of these splice variants are presented (V). The position of the oligonucleotides used to characterize the
mGlu,, receptor mMRNA are schematically represented by arrows. (b) Nucleotide and deduced amino acid sequence of the rat mGlu,, receptor and its
comparison with the amino acid sequence of the HmGlu,, receptor, downstream of the 7th transmembrane domain. The position of the 35 bp deletion in
the mGlu,, receptor sequence is indicated with an arrow. Residues that are different in the rat and human specific mGlu, 4 receptor sequences are boxed.
(o) Analysis of splice variants generated by PCR from rat cerebellar RNA. PCR products spanning the splice site for mGlu,,, ,,,, and ;4 receptors were
cloned into the pCR-11™ vector and analyzed by size after digestion with BstXI. Lane 1 contains DNA size markers (a mixture of ADNA cut with Hindlll
and ¢ X174 DNA cut with Haelll), lanes 2, 3 and 4 contain the digestion products of plasmids containing the mGlu,, (312 bp), mGlu,, (227 bp), and
mGlu,y (192 bp) sequences, respectively. All inserts were confirmed by sequencing in both directions.



68 S Mary et al. / European Journal of Pharmacology 335 (1997) 65-72

Ci/mol, NEN, France) (Prézeau et a., 1996). The day
after, cells were washed several times in Krebs buffer, and
then incubated for 10 min in 10 mM LiCl prior addition of
the agonist at the indicated concentration. The stimulation
was stopped 30 min later by removing the medium and
adding 0.5 ml perchloric acid (5%). To remove any con-
taminating glutamate from the culture medium, the wash-
ing steps were performed in the presence of the Glu
degrading enzyme, glutamate pyruvate transaminase (1
U /ml) (Boehringer Mannaheim, Meylan) and 2 mM pyru-
vate. Glutamate pyruvate transaminase and pyruvate were
also added in the medium during the stimulation period
when the basal phospholipase C activity was determined.
This was previously reported to be sufficient to prevent the
action of any glutamate released from the cells (Prézeau et
al., 1996). Results are expressed as the amount of inositol
phosphate produced over the radioactivity present in the
membranes. The dose—response curves were fitted using
the equation y= (( ymax - ymin)/l + (X/ECSO)n) + ymin
and the kaleidograph program, where n is the Hill coeffi-
cient, x is the concentration of agonist, Y., and y.,, are
the maximal and minimal responses, respectively.

2.6. Estimation of mGlu, receptor levels by immuno-
blotting

HEK 293 cell membranes were prepared as previously
described (Prézeau et a., 1996). Samples (20 p.g of crude
membrane protein) were solubilized with Laemmli sample
buffer (2.5% w /v sodium dodecyl sulfate, 25 mM Tris—
HCI pH 6.8, 5% v /v B-mercaptoethanol, and 6.25% glyc-
erol), resolved by sodium dodecyl sulfate containing poly-
acrylamide gel electrophoresis (SDS-PAGE — 7.5% acryl-
amide) and transferred by electroblotting onto an Hybond
C extra membrane (Amersham, France). |mmunodetection
of mGlu, receptor splice variants was performed as previ-
ously described (Prézeau et al., 1996) using a polyclonal
antibody directed against the N-terminus of the mGlu,
receptor (Conquet et a., 1994). For normalization of the
results we used detection of «-actin with monoclonal
antibody (Boehringer Mannaheim, Meylan). Proteins were
visualized using secondary antibodies labeled with
horseradish peroxidase for a chemiluminescence reaction
(NEN RENAISSANCE reagents kit). Quantification was
then performed on the GS-525 Molecular Imager (Biorad)
using the volume analysis of the bands, as described by the
manufacturer.

3. Results

3.1. Characterization of the mGlu,, receptor sequence in
the rat brain

A PCR product was obtained from rat brain RNA using
specific mGlu, receptor oligonucleotides and correspond-

ing to the 3' half of the open reading frame of the mGlu,,
receptor cDNA. Its sequence was found to be identical to
the mGlu,, receptor cDNA, except for the deletion of 35
bases downstream of position 2660 of the coding se-
guence. This position corresponds to the end of an exon in
the rat mGlu; receptor gene (Houamed et al., 1991),
suggesting that this PCR product results from the amplifi-
cation of an isoform of the mGlu,; receptor mRNA gener-
ated by alternative splicing (Fig. 1a). Accordingly, a full
length mGlu, receptor cDNA also lacking these 35 bases
has been identified in the human brain, and has been
named the HmGIu,, receptor (Laurie et a., 1996). In the
deduced amino acid sequence of the rat mGlu,y receptor
isoform, the 313 carboxyl-terminal residues of the rat
mGlu,, receptor are replaced by 26 residues. Between the
rat and human specific mGlu,, receptor sequences, 19
residues are conserved, 3 are different and the rat sequence
is 4 residues longer (Fig. 1b). Further DNA amplification
of retrotranscribed total RNA (RT-PCR) experiments per-
formed using specific primers designed to amplify the
region surrounding the splice site in mGlu,,, mGlu,, and
mGlu,, receptors mMRNA confirm the presence of mGlu,g
receptor mRNA in the rat brain (Fig. 1a, c).

3.2. Effects of mGlu, receptor agonists on mGlu,, versus
mGlu,, receptors

The functional properties of the mGlu,, receptor iso-
form were examined in transiently transfected HEK 293
cells and compared in parallel experiments to those of the
other mGlu, receptor splice variants. Like the other mGlu,
receptor isoforms, the mGlu,, receptor stimulates inositol
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Fig. 2. Effect of quisqualate (circles), Glu (squares) and 1S3R-ACPD
(triangles) on inositol phosphate formation in cells expressing mGlu,,
(empty symbols) or mGlu,4 (filled symbols) receptors. One day after
transfection, cells labelled with [*H] myo-inositol were washed several
times, incubated for 10 min in 10 mM LiCl Krebs buffer, and then
stimulated for 30 min with the indicated concentration of agonists. Total
inositol phosphate production was then determined as described in the
text. Results are means of 3-4 independent experiments performed in
triplicates, and are expressed as the percent of the maximum of the
agonist-stimulated inositol phosphate production. Experiments with
mGlu,, and mGlu,, receptors-expressing cells were done in parallel.
Error bars were not included for clarity.
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;oa?(l_r?cil and Hill coefficient of various mGlu, receptor agonists on mGlu,, and mGlu,4 receptors

Quisqualate Glutamate 1S3R-ACPD

ECs (M) Ny ECso (M) Ny ECso (M) Ny
mGluy, 0.05 + 0.01 11+04 0.86 + 0.10 09+02 73+09 1.0+03
mGluyy 0.21+0.02 13+01 235+ 0.10 13+01 181+12 11+02

EC, values (M) and Hill coefficients (n) were determined as described in the text. Values are means + SEM of at least three independent experiments
performed in triplicates. ECg, values determined on mGlu,, receptor-expressing cells are statistically different (t-test, P < 0.05) from those measured in

paralel in mGlu,y receptor-expressing cells.

phosphate formation upon treatment with various mGlu,
receptor agonists — quisqualate, glutamate (Glu) and
1S,3R-1-aminocyclopentane-1,3-dicarboxylic acid
(1S3R-ACPD) — in a concentration-dependent manner
(Fig. 2). The rank order of potency of these agonists is
quisqualate > Glu > 1S3R-ACPD, in agreement with that
obtained with the other mGlu, receptor isoforms (Fig. 2
and Table 1). However, the EC, values of these agonists
determined in cells expressing mGlu,, receptors were
larger than those determined in mGlu,, receptor-ex-
pressing cells (Fig. 2 and Table 1), but similar to those
obtained with the other mGlu,; receptor short isoforms
(data not shown).

3.3. Determination of basal phospholipase C activity in
mGlu, receptor-expressing cells

In cells expressing mGlu,, receptors, Glu stimulated
inositol phosphate formation to a similar extend as cells

expressing other forms of the mGlu, receptor (Fig. 3a).
However, as in cells expressing the other short isoforms
mGlu,, and mGlu,. receptors, no significant increase in
the basal phospholipase C activity was observed in mGlu,,
receptor-expressing cells. On the contrary, a higher basa
phospholipase C activity was measured in mGlu,, recep-
tor-expressing cells (Fig. 3b), in agreement with our previ-
ous results (Prézeau et al., 1996). Besides, we reported that
high basal phospholipase C activity observed in mGlu,,
receptor-expressing cells does not result from activation by
endogenous agonists, but is due to constitutive activity of
this receptor (Prézeau et al., 1996). Basal and Glu-induced
inositol phosphate formation were measured in cells trans-
fected with increasing amounts of mGlu,, receptor plas-
mid DNA. The total amount of DNA was however main-
tained constant by varying the amount of carrier DNA so
that the number of transfected cells remained constant
(data not shown). While Glu-stimulated phospholipase C
activity increased with increasing amount of mGlu,, recep-
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Fig. 3. Comparison of the phospholipase C-activation by mGlu,4 and the other mGlu, receptor splice variants. Glu (1 mM)-stimulated (a) and basal (b)
inositol phosphate formation were determined in cells transfected in parallel with carrier DNA alone (mock) or with plasmid DNA encoding mGlu,,,
mGluy,, mGlu,, or mGlu,, receptors (500 ng per 5 million cells). Valuesin (a) correspond to the [*Hlinositol phosphate produced divided by the amount
of radioactivity in the membranes. Valuesin (b) are expressed as the percentage of the basal inositol phosphate formation determined in mock transfected
cells. Vauesin (a) and (b) are means + SEM of 8 to 21 independent experiments performed in triplicates. (c) Glu-stimulated ( X axis) and basal (Y axis)
inositol phosphate formation were determined in cells transfected with 0, 10, 30, 100, 300 or 1000 ng of plasmid DNA containing the mGlu,, (open
circles) or mGlu, (filled circles) receptor cDNA. Values are means + SEM of triplicate determinations from a typical experiment.
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tor plasmid DNA, the basal phospholipase C activity re-
mained very low in contrast to that measured for mGlu,,
receptor-expressing cells (Fig. 3c). Interestingly, the basal
activity was found to be directly proportional to the Glu-
stimulated phospholipase C activity indicating that the
ratio basal over Glu-stimulated phospholipase C activity is
independent of receptor expression levels (Fig. 3c). This
parameter which corresponds to the slope of the curve
presented in Fig. 3c, is much higher for the mGlu,,
receptor than for the mGlu,, receptors, indicating that this
functional difference between these two receptor isoforms
cannot be explained by different levels of receptor expres-
sion.

3.4. Immunodetection of mGlu,, receptor protein in HEK
293 cells

Levels of expression of mGlu, receptor splice variants
in HEK 293 cells were compared using western blot
detection since binding experiments cannot be performed
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Fig. 4. Immunoblots of mGlu, receptor splice variants expressed in HEK
293 cells. Cells transfected in parallel with carrier DNA alone (mock) or
with 500 ng plasmid containing the mGlu,,, mGlu,,, mGlu,, or mGlu,4
receptor cDNAS. In each individua experiment a subset of cells was used
to measure basal and Glu-induced inositol phosphate formation. High
basal activity was always detected in mGlu,, receptor-expressing cells,
and Glu stimulated inositol phosphate formation to similar extend in cells
expressing any of the mGlu, receptor variants. Membranes were prepared
from the remaining cells, solubilized and subjected to SDS-PAGE. After
transfer on nitrocellulose membrane, mGlu, receptors and actin were
detected using selective antibodies ((a), upper and lower panels, respec-
tively). The upper band observed with the mGlu, receptor antibody likely
corresponds to the mGlu receptor dimer, as described (Hampson et d.,
1994; Prézeau et a., 1996; Romano et al., 1996). (b) Histogram of the
ratio of the metabotropic to the actin signals measured as described in
Section 2. Values in (b) are expressed as percentage of those determined
with mGlu,, receptor-expressing cells, and are means+SEM of 4-8
independent experiments.

accurately due to the low affinity of [*H]GIu, the only
radioactive ligand for the mGlu, receptor. Samples of
similar protein amounts were resolved on SDS-PAGE,
blotted onto nitrocellulose, and mGlu, receptor splice vari-
ants were immunodetected using a polyclona antibody
directed against a portion of their N-terminus (Conquet et
al., 1994). These blots revealed the presence of a protein of
approximately 165 kDa in mGlu,, receptor-expressing
cells, and 110 kDa in mGlu,,, mGlu,, and mGlu,, recep-
tor expressing cells (Fig. 4a). Such a pattern of migration
on SDS-PAGE gels was previoudly described for the gly-
cosylated forms of mGlu,, and mGlu,,, receptor proteins
(Pickering et d., 1993). Quantitation using phosphor im-
ager technology revealed that bands with the lowest inten-
sity always corresponded to the mGlu,, receptor, whereas
bands with highest intensity corresponded to the mGlu,
receptor (Fig. 4b). Additional bands which might corre-
spond to receptor dimers (Romano et a., 1996) were also
detected with much lower intensity (Fig. 4a).

4, Discussion

Our results reveal the existence of an additional rat
mMGlu, receptor splice variant with a short carboxyl-termi-
nal intracellular domain homologous to the recently identi-
fied HmGIlu,4 receptor (Laurie et al., 1996). PCR analysis
of the relative abundance of rat mGlu,,, mGlu,, and
mGlu,, receptor mRNAs revealed that mGlu,, receptor
mRNA was found at a significant lower frequency than
mGlu,, and mGlu,, receptor transcripts (data not shown)
which may explain why this variant had not been identi-
fied earlier. Although this analysis did not allow us to
estimate the relative abundance of the mGlu,, receptor
MRNA, our previous study aready suggested that this
isoform was expressed at much lower levels than the other
isoforms (Pin et al., 1992).

Functional analysis of the mGlu,, receptor expressed in
HEK 293 cells revealed that like the other forms of the
mGlu, receptor, it couples to phospholipase C. The phar-
macological profile of the mGlu,, receptor was found to
be similar to that of the other mGlu, receptor isoforms, in
agreement with the large extracellular domain of the recep-
tor being responsible for the ligand recognition in this
receptor family (O’'Hara et a., 1993; Takahashi et a.,
1993; Tones et a., 1995). However, the different agonists
tested are less potent in stimulating inositol phosphate
formation in cells expressing mGlu,, receptors than in
cells expressing mGlu,, receptors. A similar difference in
the agonist potency has already been reported between the
other mGlu, receptor short isoforms and the mGlu,, recep-
tor (Pickering et al., 1993; Flor et a., 1996). Morevover,
like the other short isoforms mGlu,,, and mGlu, ., receptors
(Prézeau et al., 1996), the mGlu,, receptor does not induce
an increase in basal phospholipase C activity in transfected
cells in the absence of agonist, whereas such an agonist-in-
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dependent activity is observed with the mGlu,, receptor.
This further suggests that the long carboxyl-terminal intra-
cellular domain of the mGlu,, receptor confers high basal
consgtitutive activity to the receptor. This difference in
relative basal activity and agonist potency between mGlu,,
and mGlu,, receptors is not due to a lower level of
expression of short isoform. When western blots were
performed to compare the relative expression level of the
different mGlu, receptor splice variants, the intensity of
the band corresponding to the mGlu,, receptor protein was
always higher than that of the mGlu,, receptor protein.
Moreover, by varying the amount of plasmid DNA used
for transfection, we were able to show that the Glu-stimu-
lated to basal activity ratio is independent of the receptor
density, and that the basal activity of the mGlu,, receptor
is much lower than that of the mGlu,, receptor.

Other functional differences have been described be-
tween the mGlu,, receptor and the short splice variants
mGlu,, and mGlu,.. These include fast activation of the
Cl™-current signaling when the mGlu,, receptor was ex-
pressed in Xenopus oocytes, in contrast to small and
sowly developing currents induced by mGlu,, receptor
activation (Pin et d., 1992). Moreover, in contrast to
mGlu,, and mGlu,, receptors, the mGlu,, receptor stimu-
lates adenylyl cyclase (Aramori and Nakanishi, 1992;
Pickering et al., 1993; Joly et al., 1995; Thomsen, 1996).
We were unable to obtain any activation of the Cl~-current
in Xenopus oocytes expressing mGlu,, receptors (data not
shown), and our data indicate that like mGlu,, and mGlu,,
receptors, the mGlu,, receptor does not stimulate CAMP
formation in transfected cells. Taken together, these results
confirm that the long carboxyl-terminal tail of the mGlu,,
receptor enables it (i) to have a higher coupling efficacy
for the G protein (Lechleiter et al., 1990, 1991; Fong et al.,
1992; Pin et al., 1992; Kunkel and Peralta, 1993; Spengler
et a., 1993; Gomeza et d., 1996a), (ii) to activate various
subtypes of G-proteins alowing it to stimulate cAMP
formation (Aramori and Nakanishi, 1992; Pickering et al.,
1993; Joly et al., 1995; Thomsen, 1996), and finaly (iii) to
activate phospholipase C even in the absence of agonist
(Prézeau et al., 1996). These functional properties ob-
served in heterologous expression systems may not neces-
sarily be relevant in cells naturally expressing these recep-
tors. However, they clearly indicate that the long
carboxyl-terminal intracellular domain of mGlu,, receptor
confers specific G-protein coupling properties not shared
by the short variants, including the mGlu,y receptor.

Acknowledgements

The authors thank Dr. J. Blahos, Dr. V. Homburger, Dr.
L. Journot and Dr. A. Varrault for critical reading of the
manuscript. We would like to acknowledge N. Bacher and
N. Geyer for DNA sequencing. We also gratefully ac-
knowledge Dr. V. Matarese and Dr. F. Ferragutti (Glaxo,

Verona, Italy) for the generous gift of the purified anti-
mGlu, receptor antibody. This work was supported by
grants from the CNRS, the European Community (Bio-
med2 (BMH4-CT96-0228) and Biotech2 (BIO4-CT96-
0049) programs), the french ministry of Education, Re-
search and Professional Insertion (ACC-SV5, No.
9505077), the Fondation pour la Recherche Médicale, the
Direction des Recherches et Etudes Techniques (DRET
91,/161) and Bayer company (France and Germany). J.G.
was supported by the spanish ministry of Education.

References

Aramori, |., Nakanishi, S., 1992. Signal transduction and pharmacological
characteristics of a metabotropic glutamate receptor, mGIuR1l, in
transfected CHO cells. Neuron 8, 757—765.

Brown, E.M., Gamba, G., Riccardi, D., Lombardi, M., Butters, R., Kifor,
0., Sun, A., Hediger, M.A., Lytton, J., Hebert, S.C., 1993. Cloning
and characterization of an extracellular Ca2+ + sensing receptor from
bovine parathyroid. Nature 366, 575—580.

Conn, P., Pin, J-P., 1997. Pharmacology and functions of metabotropic
glutamate receptors. Ann. Rev. Pharmacol. Toxicol. 37, 205—-237.
Conquet, F., Bashir, Z.l., Davies, C.H., Daniel, H., Ferraguti, F., Bordi,
F., Franz-Bacon, K., Reggiani, A., Matarese, V., Condg, F., Colin-
gridge, G.L., Crépel, F., 1994. Motor deficit and impairment of

synaptic plasticity in mice lacking mGluR1. Nature 372, 237—243.

Flor, P.J., Gomeza, J.,, Tones, M.A., Kuhn, R., Pin, J.P., Knopfel, T.,
1996. The C-terminal domain of the mGluR1 metabotropic glutamate
receptor affects sensitivity to agonists. J. Neurochem. 67, 58—63.

Fong, T.M., Anderson, SA., Yu, H., Huang, R.-R., Strader, C.D., 1992.
Differential activation of intracellular effector by two isoforms of
human neurokinin-1 receptor. Mol. Pharmacol. 41, 24-30.

Gabellini, N., Manev, R.M., Candeo, P., Favaron, M., Manev, H., 1993.
Carboxyl domain of glutamate receptor directs its coupling to
metabolic pathways. NeuroReport 4, 531-534.

Gabdllini, N., Manev, RM., Manev, H., 1994. |Is the heterologous
expression of metabotropic glutamate receptors (MGIURS) an appro-
priate method to study the mGIuR function? Experience with human
embryonic kidney 293 cells transfected with mGIuR1. Neurochem.
Int. 24, 533-539.

Gomeza, J., Joly, C., Kuhn, R., Knopfel, T., Bockaert, J., Pin, J.-P,,
1996a. The second intracellular loop of mGIUR1 cooperates with the
other intracellular domains to control coupling to G-protein. J. Biol.
Chem. 271, 2199-2205.

Gomeza, J, Mary, S, Brabet, |., Parmentier, M.-L., Restituito, S,
Bockaert, J., Pin, J-P., 1996b. Coupling of mGIuR2 and mGluR4 to
Ga15, Ga16 and chimeric Gaq/i proteins: Characterization of new
antagonists. Mol. Pharmacol. 50, 923-930.

Hampson, D.R., Theriault, E., Huang, X.P., Kristensen, P., Pickering,
D.S., Franck, JE., Mulvihill, ER., 1994. Characterization of two
dternatively spliced forms of a metabotropic glutamate receptor in the
central nervous system of the rat. Neuroscience 60, 325—336.

Houamed, K.M., Kuijper, JL., Gilbert, T.L., Hademan, B.A., O'Hara,
P.J., Mulvihill, E.R., Almers, W., Hagen, F.S., 1991. Cloning, expres-
sion, and gene structure of a G-protein-coupled glutamate receptor
from rat brain. Science 252, 1318-1321.

Joly, C., Gomeza, J., Brabet, I., Curry, K., Bockaert, J., Pin, J.-P., 1995.
Molecular, functional and pharmacological characterization of the
metabotropic glutamate receptor type 5 splice variants: Comparison
with mGIuR1. J. Neurosci. 15, 3970-3981.

Kaupmann, K., Huggel, K., Heid, J,, Flor, P.J., Bischoff, S., Mickel, S.J.,
McMaster, G., Angst, C., Bittiger, H., Froestl, W., Bettler, B., 1997.
Expression cloning of GABAg receptors uncovers similarity to
metabotropic glutamate receptors. Nature 386, 239—246.



72 S Mary et al. / European Journal of Pharmacology 335 (1997) 65-72

Kunkel, M.T., Peralta, E.G., 1993. Charged amino acids required for
signa transduction by the m3 muscarinic acetylcholine receptor.
EMBO J. 12, 3809-3815.

Laurie, D.J.,, Boddeke, HW.G.M., Hiltscher, R., Sommer, B., 1996.
HmGluld, a novel splice variant of the human type-| metabotropic
glutamate receptor. Eur. J. Pharmacol. 296, R1-R3.

Lechleiter, J.,, Hellmiss, R., Duerson, K., Ennulat, D., David, N., Clapham,
D., Peralta, E., 1990. Distinct sequence elements control the speci-
ficity of G protein activation by muscarinic acetylcholine receptor
subtypes. EMBO J. 9, 4381-4390.

Lechleiter, J., Girard, S., Clapham, D., Perata, E., 1991. Subcellular
patterns of calcium release determined by G protein-specific residues
of muscarinic receptors. Nature 350, 505—-508.

Masu, M., Tanabe, Y., Tsuchida, K., Shigemoto, R., Nakanishi, S., 1991.
Sequence and expression of a metabotropic glutamate receptor. Na-
ture 349, 760-765.

Nakanishi, S., 1994. Metabotropic glutamate receptors. Synaptic trans-
mission, modulation, and plasticity. Neuron 13, 1031-1037.

O'Hara, P.J., Sheppard, P.O., Thagersen, H., Venezia, D., Hademan,
B.A., McGrane, V., Houamed, K.M., Thomsen, C., Gilbert, T.L.,
Mulvihill, E.R., 1993. The ligand-binding domain in metabotropic
glutamate receptors is related to bacterial periplasmic binding pro-
teins. Neuron 11, 41-52.

Pickering, D.S., Thomsen, C., Suzdak, P.D., Fletcher, E.J., Robitaille, R.,
Salter, M.W., MacDonald, J.F., Huang, X.-P., Hampson, D.R., 1993.
A comparison of two alternatively spliced forms of a metabotropic
glutamate receptor coupled to phosphoinositides turnover. J. Neu-
rochem. 61, 85-92.

Pin, J-P., Duvaisin, R., 1995. The metabotropic glutamate receptors:
Structure and functions. Neuropharmacology 34, 1-26.

Pin, J-P., Waeber, C., Prézeau, L., Bockaert, J., Heinemann, S.F., 1992.
Alternative splicing generates metabotropic glutamate receptors in-
ducing different patterns of calcium releasein Xenopus oocytes. Proc.
Natl. Acad. Sci. USA 89, 10331-10335.

Pin, J-P., Joly, C., Heinemann, S.F., Bockaert, J, 1994. Domains
involved in the specificity of G protein activation in phospholipase C
coupled metabotropic glutamate receptor. EMBO J. 13, 342-348.

Pin, J-P., Gomeza, J., Prézeau, L., Joly, C., Bockaert, J., 1996. The
metabotropic glutamate receptors: Differences and similarities with
the other G-protein coupled receptors. In: Schwartz, T.W., Hjorth,
SA., Sandholm Kastrup, J. (Eds.), Alfred Benzon Symposium 39 —
Structure and Function of 7TM Receptors. Munksgaard, Copenhagen,
pp. 343-356.

Ponce, M., Mical, J., 1992. PCR amplification of long DNA fragments.
Nucleic Acids Res. 20, 623.

Prézeau, L., Gomeza, J., Ahern, S, Mary, S., Galvez, T., Bockaert, J.,
Pin, J.-P., 1996. Changes of the C-terminal domain of mGIuR1 by
dternative splicing generate receptors with different agonist indepen-
dent activity. Mol. Pharmacol. 49, 422—-429.

Romano, C., Yang, W.-L., O'Malley, K.L., 1996. Metabotropic glutamate
receptor 5 is a disulfide-linked dimer. J. Biol. Chem. 271, 28612—
28616.

Sambrook, J., Fritsh, E.F., Maniatis, T., 1989. Molecular Cloning: A
Laboratory Manual. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY.

Simoncini, L., Haldeman, B.A., Yamagiwa, T., Mulvihill, E., 1993.
Functional characterization of metabotropic glutamate receptor sub-
types. Biophys. J. 64, A84.

Spengler, D., Waeber, C., Pantdoni, C., Holsboer, F., Bockaert, J.,
Seeburg, P.H., Journot, L., 1993. Differential signal transduction by
five splice variants of the PACAP receptor. Nature 365, 170—175.

Takahashi, K., Tsuchida, K., Tanabe, Y., Masu, M., Nakanishi, S., 1993.
Role of the large extracellular domain of metabotropic glutamate
receptors in agonist selectivity determination. J. Biol. Chem. 268,
19341-19345.

Tanabe, Y., Masu, M., Ishii, T., Shigemoto, R., Nakanishi, S., 1992. A
family of metabotropic glutamate receptors. Neuron 8, 169-179.
Thomsen, C., 1996. Metabotropic glutamate receptor subtype 1A acti-
vates adenylate cyclase when expressed in baby hamster kidney cells.

Prog. Neuro-Psych. Biol. Psych. 20, 709—-726.

Tones, M.A., Benddi, H., Flor, P.J.,, Knopfel, T., Kuhn, R., 1995. The
agonist selectivity of a class Il metabotropic glutamate receptor,
human mGluR4a, is determined by the N-terminal extracellular do-
main. Neuroreport 7, 117-120.



