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Introduction
Monosodium L-glutamate (MSG) functions as a signal for dietary
protein. In the tongue, glutamate binds presumably to taste cell
chemoreceptors which, upon being activated, alter the firing rate of
innervating sensory nerves. It has just recently been hypothesized
that several G protein coupled receptors (GPCR) acted as umami
receptors (Chaudhari et al., 2000; Li et al., 2002; Nelson et al., 2002;
Toyono et al., 2003). However, the receptor mechanism for umami
taste perception is still in doubt (Damak et al., 2003; Zhao et al.,
2003). The data from gustatory nerve recordings, receptor distribu-
tion and taste cell electrophysiological function cannot all be recon-
ciled solely by reference to already known receptors (Hoon et al.,
1999; Ninomiya et al., 2000; Kim et al., 2003). The glossopharyngeal
nerve that innervates folliate and vallate papillae at the posterior
tongue contains fibers that are highly sensitive and selective to
umami substances. Such umami-sensitive fibers were not observed in
the chorda tympani nerve innervating fungiform papillae of anterior
tongue (Ninomiya et al., 2000). However, the proposed amino-acid
receptor T1R1 + T1R3 seems to be mostly abundant in fungiform
papillae (Hoon et al., 1999; Kim et al., 2003). Furthermore, since
knocking out T1r3 does not affect umami responses originating from
the back of the tongue, other receptors must be considered (Damak
et al., 2003). In this study, we describe a novel metabotropic gluta-
mate receptor 1 (mGluR1) variant. This variant was cloned from rat
vallate tissue and has a unique 5′ end sequence. In-frame with the
long open reading frame there is a stop codon suggesting the pres-
ence of an un-translated 5′ region producing a short extracellular
domain. Truncated mGluR1 generated intracellular Ca2+ mobiliza-
tion in Xenopus oocytes when L-glutamate was applied at concentra-
tions that elicit the umami taste.

Materials and methods
Vallate and foliate papillae and soft palate epithelium were dissected
from adult Sprague–Dawley rats (Charles River, Japan). Tissue total
RNA was then extracted with ISOGEN kit (Wako, Osaka, Japan)
and first-strand 5′RACE (rapid amplification of cDNA ends)
synthesized using SuperScript reverse transcriptase, oligo(dT)12–18
primer (both from Invitrogen, USA) and SMART II oligonucleotide
(SMART RACE cDNA amplification kit; Clontech Laboratories,
USA). A rat mGluR1-1599R gene-specific primer (5′-CTGTCCT-
GGACATAGTTTTCTTC-3′) was synthesized at Hokkaido System
Science (Hokkaido, Japan). After sequence analysis, full-length
cDNA was produced by PCR with Pfu DNA polymerase enzyme
(Promega, USA) and cloned into pcDNA3.1/V5-His vector (TOPO
TA Expression Kit; Invitrogen, USA). Using the clone as template,
capped RNA was generated with a T7 transcription kit (mMessage
mMachine; Ambion, USA). Xenopus oocytes (Watanabe Breeder,
Japan) retaining clear animal and vegetal pole were injected (micro-
injector; WPI) with 100 ng taste- and brain-mGluR1 cRNA. After
voltage-clamp at –70mV using a Geneclamp amplifier (Axon Instru-

ments, USA), L-glutamate was perfused into the recording chamber
for 30 s and Ca2+-dependent Cl– current peaks recorded.

Results
The 5′ RACE reaction resulted in a short PCR product of around
400 bp. Sequence analysis revealed a 5′ end consisting of the last 170
nucleotides from the preceding intron to codon D318 (GRM1, acces-
sion No. NW_047544). The intron sequence revealed a stop codon
in-frame with the long open reading frame that shares high
homology with brain mGluR1a. Downstream of the exon sequence
there is a putative start codon, M410. The existence of the stop
codon suggests that the 5′ end is not translated and tentatively yields
a short receptor.

The function of the truncated taste type receptor was examined by
comparing its activity with that of the brain mGluR1α in Xenopus
oocytes. As shown in Figure 1, several functional differences are
noted between the brain type mGluR1, with a long N-terminus, and
the taste variant, with a shorter extracellular domain. Upon activa-
tion with L-glutamate, the brain type elicited a maximal downward
current nine times greater on average than that elicited by taste
mGluR1. In addition, taste variant mGluR1 responded to L-gluta-
mate stimuli at concentrations that normally elicit umami taste in
rat. Different concentrations of L-glutamate evoked distinctive
current responses in brain and taste type mGluR1. While the brain
type receptor achieved maximal response at 1 mM L-glutamate, the
taste type mGluR1 responded best to higher L-glutamate concentra-
tions indicating a lower sensitivity to glutamate.

Discussion
Our data show that the mGluR1α expressed in taste buds is structur-
ally distinct from the one expressed in brain. Like the structure
reported for taste-mGluR4 (Chaudhari et al., 2000), the mGluR1
cloned from taste papillae also contains a short amino-terminal
extracellular domain. Unlike mGluR4, however, which is an inhibi-
tory receptor, mGluR1 is an excitatory receptor. The mGluR1 taste
variant is probably synthesized from a splice transcript with a short
5′ sequence or by the activation of an ectopic promoter in the
preceding intron (Yamaguchi and Nakanishi, 1998). Despite the
unusually short extracellular amino-terminal region, taste variant
mGluR1 was able to elicit glutamate-stimulated functional changes
in Xenopus oocytes. Metabotropic glutamate receptors contain a
characteristic long extracellular domain that apparently functions in
determining the affinity of the receptor for L-glutamate (Takahashi
et al., 1993). In agreement with this suggestion, the truncated taste
mGluR1 showed a lower sensitivity to glutamate than did the brain
mGluR1. The L-glutamate concentration that brought about
maximum current amplitude in Xenopus oocytes expressing the taste
type mGluR1 was in the millimolar range. This concentration is
consistent with the amount of glutamate necessary to elicit gustatory

 by guest on O
ctober 3, 2012

http://chem
se.oxfordjournals.org/

D
ow

nloaded from
 

http://chemse.oxfordjournals.org/


i26 A. San Gabriel et al.

stimulation. Histological, electrophysiological and molecular data
together suggest that taste variant mGluR1 is involved in L-gluta-
mate perception. As the prototypical umami stimulus, and a likely
taste marker for protein, L-glutamate may both stimulate a taste
sensation and also confer information as to the probable chemical
composition of ingested foodstuffs. This information on the chem-
ical identity of food allows brain relays to anticipate the arrival of
specific foods and thereby insure efficient digestion and metabolism.

Acknowledgements
We thank Dr Joseph G. Brand for his advice concerning this study
and for his comments on the manuscript. We also thank Dr
Maekawa for his introducing us to 5′ RACE PCR and sequence
analysis.

References
Chaudhari, N., Landin, A.M. and Roper, S.D. (2000) A metabotropic

glutamate receptor variant functions as a taste receptor. Nat. Neurosci., 3,
113–119.

Damak, S., Rong, M., Yasumatsu, K., Kokrashvili, Z., Vardarajan, V.,
Zou, S., Jiang, P., Ninomiya, Y. and Margolskee R.F. (2003) Detection
of sweet and umami taste in the absence of taste receptor T1r3. Science,
301, 850–853.

Hoon, M.A., Adler, E., Lindemeier, J., Battey, J.F., Ryba, N.J. and Zuker,
C.S. (1999) Putative mammalian taste receptors: a class of taste-specific
GPCRs with distinct topographic selectivity. Cell, 96, 541–551.

Kim, M.R., Kusakabe Y., Miura H., Shindo Y., Ninomiya, Y. and Hino, A.
(2003) Regional expression patterns of taste receptors and gustducin in the
mouse tongue. Biochem. Biophys. Res. Commun., 312, 500–506.

Li, X., Staszewski, L., Xu, H., Durick, K., Zoller, M. and Adler, E. (2002)
Human receptors for sweet and umami taste. Proc. Natl Acad. Sci. USA,
99, 4692–4696.

Masu, M., Tanabe, Y., Tsuchida, K., Shigemoto, R. and Nakanishi, S.
(1991) Sequence and expression of a metabotropic glutamate receptor.
Nature, 349, 760–765.

Nelson, G., Chandrashekar, J., Hoon, M.A., Feng, L., Zhao, G., Ryba,
N.J. and Zuker, C.S. (2002) An amino-acid taste receptor. Nature, 416,
199–202.

Ninomiya, Y., Nakashima, K., Fukuda, A., Nishino, H., Sugimura, T.,
Hino, A., Danilova, V. and Hellekant, G. (2000) Responses to umami
substances in taste bud cells innervated by the chorda tympani and
glossopharyngeal nerves. J. Nutr., 130, 950S–953S.

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

Toyono, T., Seta, Y., Kataoka, S., Kawano, S., Shigemoto, R. and
Toyoshima, K. (2003) Expression of metabotropic glutamate receptor
group I in rat gustatory papillae. Cell Tissue Res., 313, 29–35.

Yamaguchi, S. and Nakanishi, S. (1998) Regional expression and regulation
of alternative forms of mRNAs derived from two distinct transcripts initiation
sites of the rat mGluR5 gene. J. Neurochem., 71, 60–68.

Zhao, G.Q., Zhang, Y., Hoon, M.A., Chandrashekar, J., Erlenbach, I.,
Ryba, N.J. and Zuker, C.S. (2003) The receptors for mammalian sweet and
umami taste Cell, 115, 255–266.

Figure 1 Glutamate activates the truncated taste-mGluR1 to produce an
inward current. Gustatory mGluR1 has functional characteristics in
Xenopus oocytes different from those of brain mGluR1. Taste type mGluR1
stimulates maximal inward current at a higher l-glutamate concentration
(25 mM) than that compared with the brain type (0.1 mM). Schemes
represent brain type (left) and taste type (right) mGluR1 with their typical
current traces. This experiment was performed on control oocytes or
oocytes injected with either brain or taste mGluR1 cRNA and analyzed
under –70 mV voltage clamp. Different concentrations of l-glutamate were
constantly perfused for 30 s into the recording chamber as stimuli for each
receptor as indicated with the arrows. Four to six different oocytes were
recorded for brain and taste type mGluR1 respectively. Downward curve
represents an inward current as a result of increased Cl– conductance due
to intracellular Ca2+ mobilization. Intracellular injection of EGTA in brain
type mGluR1 expressing oocytes effectively suppresses glutamate response
of mGluR but not a voltage-dependent potassium channel (Masu et al.,
1991). This selective inhibition of mGluR1 activation by intracellular Ca2+

chelation demonstrates that Ca2+ mobilization is a necessary step to induce
inward currents after receptor stimulation. The absence of external Ca2+ in
the medium doesn’t affect mGluR1 stimulation response. Scale bars:
vertical 500 nA (brain) 100 nA (taste); horizontal, 20 s.
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