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Receptors and transduction In taste
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Taste is the sensory system devoted primarily to a quality check of food to be ingested. Although aided by
smell and visual inspection, the final recognition and selection relies on chemoreceptive events in the mouth.
Emotional states of acute pleasure or displeasure guide the selection and contribute much to our quality of
life. Membrane proteins that serve as receptors for the transduction of taste have for a long time remained
elusive. But screening the mass of genome sequence data that have recently become available has provided a
new means to identify key receptors for bitter and sweet taste. Molecular biology has also identified

receptors for salty, sour and umami taste.

here is no life form known between bacteria and

mammals that would neglect to check its intake

of matter by chemoreceptive scrutiny. A human

baby, only a few days old, already can

distinguish sweet and bitter and express pleasure
for sweet taste but displeasure for bitter taste’. Inorganic
ions, sugars and polysaccharides, amino acids and
peptides, toxins and ‘xenobiotics’ are all subject to
nutritional chemoreception followed by adaptive
behaviour. But details differ widely, depending on the
complexity of the organism and the ecological niche that it
occupies. Even in closely related species, distinct
differences in sensory performance may be noted, which
seem to match the nutritional ‘needs’ of a species. To
understand how such a match arose, that is, how receptor
specificity changed with the availability of food
ingredients, is perhaps the most fascinating of the future
tasks of taste research.

Taste buds and taste cells

Already in wormes, like the model nematode Caenorhabditis
elegans, a distinction can be made between olfaction and
taste’. These two chemoreceptive senses are more clearly
separate in arthropods and they are quite distinct in
vertebrates. In the fruitfly Drosophila melanogaster, for
example, taste sensations are mediated by nerve cells of
characteristic topology. Their sensory dendrites are
contained in ‘hairs’ found on the body surface. Other taste
neurons, found on the labellum and clustered around the
pharynx, express a family of G-protein-coupled receptors
(GPCRs) named GR®. This family, however, contains
candidate receptors for both taste and olfaction, as its genes
are expressed in both gustatory and olfactory primary
neurons *. In contrast, the taste receptor cells of vertebrates
are notneurons, but originate from the epithelial covering of
the body®.

Vertebrate taste cells are small bipolar cells (Fig. 1). To
connect to the oral space, they send a thin dendritic process
to the epithelial surface. The cells occur either singly or
densely packed in taste buds, where up to 100 form a
functional unit (Fig. 1a, d). Although taste buds also occur
abundantly on the body surface and barbels of some fish, all
vertebrates have taste buds in the oral epithelium, typically
ontongue, palate and pharynx. On the tongue, the taste buds
are mounted in special folds and protrusions called
papillae. The marker molecule gustducin, a taste-specific
G protein®, shows additional ‘taste cells’ in the nasal mucosa’
and in the stomach®.
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A century ago it was determined that each chemorecep-
tive area of the human tongue responds to each of the
qualities of sweet, sour, salty and bitter taste. Only minor
differences in subjective thresholds were noted across
areas™'®. May the time come soon when textbook authors
wake up to this fact! In rodents, the differences in thresholds
or sensitivities seem to be somewhat larger™. Here, morpho-
logical and functional differentiation between buds from the
anterior and posterior tongue can be noted more easily, even
though individual taste buds of all areas contain cells
responding to several qualities.

Lifespan, connectivity and coding

Mammalian taste-responsive cells age fast, their lifespan
being about 10 days. This implies that any one nerve
terminal in a taste bud frequently has to detach from an
ageing cell, find adeveloping taste cell and form new synaps-
esonitssurface. The new cell has presumably to be of appro-
priate specificity such that a nerve fibre previously attached
to a Na*-responsive cell, for instance, will again attach to a
cell of this kind. As taste cells of different specificity occur
together in one bud, one expects surface markers to guide a
nerve fibre to the right cellular target. In fact, the receptor
molecules themselves may possibly serve as markers, as they
occur not only on the microvilli, but also on basolateral
membrane areas of the receptor cells.

The basic rules for the developmental interactions that
occur between taste cells and nerve fibres begin to be
deduced using the methods of molecular biology'*®, and
provide afoundation for a further analysis of the connectivi-
ty and the ‘sensory code’ by more function-oriented
approaches such as electrophysiology and fluorescence
imaging. Meanwhile, recordings from the sensory nerve
fibres and from the soma of their neurons have consistently
revealed the unexpected and striking feature that some nerve
fibres are specialists, but many are generalists, carrying
responses to more than one taste quality™. Asimple ‘labelled
line’ design, where each fibre responds to just one of the
qualities, to bitter only or to sour only, is not evident, as
many fibres are broadly tuned with respect to taste ligands.
These generalist fibres carry responses to salty and sour,
to glutamate and sucrose, and so on. Similarly, many
taste receptor cells, too, are generalists, as responses to taste
qualities are randomly and independently distributed,
varying in intensity across cells®. Given such distributed
responses, a part of the information about individual
tastants must be buried in the quorum of the receptor cells
and the ‘across-fibre pattern’ of the sensory nerve’®. Retrieval
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Figure 1 Morphology of taste buds (rat). a, Viable bud isolated from the vallate papilla. Taste pore at the upper left (arrow). Length of bud is 30 wm. b, Cut-open view of a bud
(cartoon). Highlighted are two receptor cells with apical microvilli and basolateral synapses. ¢, Images of a viable bud from the vallate papilla, taken with a 2-photon microscope.
The four optical planes depict multiple bipolar cells in different states of loading with a fluorescent dye, and nerve fibres. d, Three-dimensional reconstruction, from microscopic
serial sections, of a bud from the foliate papilla, the taste pore facing upwards. On the left, a solitary bipolar cell with innervating nerve fibre is also visible. Scale bar, 25 wm.
(Image courtesy of V. I. Popov, Institute of Cell Biophysics, RAS, Pushchino, Russia.). e, Bipolar receptor cell with sensory nerve fibre attached. Some morphological details and the
location of the main types of identified ion channels on the lateral membrane are indicated. BP, basal cell process.

of this information, for instance by pattern discrimination, will
be one of the main tasks of central taste processing.

Receptors and transduction
The bipolar taste cells have two specializations of obvious functional
significance: microvilli in contact with the oral cavity and synapses
with sensory nerve fibres. Taste receptor proteins are mounted on the
microvilli, acting as molecular antennas listening into the chemical
environment. On binding taste molecules, the receptors trigger trans-
duction cascades that activate synapses and thus cause excitation of
the nervefibres. These carry the signal to the brain stem, where central
taste processing begins, ultimately eliciting adaptive responses.

The first molecular encounter with tastants is made therefore by
those membrane proteins— the ‘receptors’ —in the apical surface of
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taste receptor cells (Fig. 1b, €). They provide the molecular specificity
of the taste response. A plethora of proteins, including ion channels,
ligand-gated channels, enzymes and GPCRs, serve as receptors for
sensory qualities such as salty, sour, sweet, umami and bitter
taste (Fig. 2), and trigger the downstream transduction events
within taste cells. Included among these events is the firing of action
potentials, which taste cells, like neurons, are able to generate by
means of voltage-gated Na*, K* and Ca®* channels (Fig. 1e)" ™. A
local increase in Ca®* concentration is needed for synaptic
activation (and hence nerve excitation), and transient rises in the
cytosolic Ca?* concentration were observed by fluorescence
imaging (Fig. 1c) in taste cells responding to bitter and sweet
agents®?, while amino acids triggered either increases or decreases
of the Ca** signal®?,
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Figure 2 Taste receptors of known primary structure, discovered 1998-2001.

A number of transmitters have been found within taste buds, but
those released by taste cell synapses have been difficult to identify.
Noradrenaline and acetylcholine seem to be secreted by nerve fibres
and modulate the responses of taste cells®?, Serotonin is thought to
act as a paracrine agent between taste cells. Secreted by one cell and
modulating the taste response of a neighbouring cell, this agent
mediates local signal processing within a taste bud® %, Glutamate is a
strong candidate for a mainstream afferent transmitter secreted by
taste cell synapses®®,

Salt taste

Two taste qualities detect ions in the oral space: salt and sour taste.
Salttaste guides the incorporation of NaCl and other required miner-
als, thus serving an essential function inionand water homeostasis. It
shows variationsacross animal species, depending on the ion content
of the characteristic diet".

Althoughssalttaste iselicited by many ionic species, the component
due to the presence of Na* ions may be the most relevant for mammals
and is certainly the best studied™. The Na* taste, in turn, is composed
of a Na*-specific and a nonspecific mechanism. It was long suspected
that a sodium channel sensitive to the channel-blocker amiloride
serves as a salt receptor®. This conjecture holds especially for rodents,
where the Na*-specific salt taste is indeed mediated by a highly Na*-
selective channel known as ENaC, the amiloride-sensitive epithelial
sodium channel®. ENaC is a hetero-oligomeric complex comprising
three homologous subunits (Fig. 2), which acts as a salt-taste receptor
by providing a specific pathway for sodium current into taste cells,
provided that Na* ions are present in the oral space in sufficient con-
centration®*, The current triggers action potentials at the basolateral
membrane of the taste cell*®, followed by synaptic events.

Of the three essential subunits of ENaC, at least one is under
inductive control by a steroid hormone, aldosterone®. Thus the
sensitivity of sodium taste is increased in animals in sodium-need
through induction of more ENaC channels. A systemic Na* deficien-
cy, which leads to salt craving, occurs regularly in herbivores, but can
be observed also in rodents and humans. The induction of ENaC
subunits in vallate taste buds by circulating aldosterone provides an
instructive example for adaptive tuning of taste acuity in a state of
nutritional deficiency.

In humans, the amiloride sensitivity of salt taste is less
pronounced®, suggesting the involvement of another, as yet unspeci-
fied channel. It is ironic that so little is known especially about the
molecular foundation of human salt taste.

Sour taste
Sour taste is acceptable or interesting when mild, thereby aiding the
recognition of complex food, but it becomes increasingly unpleasant
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when strong®. It serves to detect unripe fruitsand spoiled food, and to
avoid tissue damage by acids and problems of systemic acid-base
regulation.

The receptors proposed for sour taste in mammals can be ordered
in two groups. The first comprises channels that conduct an inward
proton currentif protonsare available in the oral space. ENaC has this
property®. The second group comprises H'-gated channels,
including the apical K* channel of the mudpuppy Necturus®,
MDEG1 of the ENaC/Deg family®, an unspecific H*-gated cation
channel**, and HCN, the hyperpolarization-activated, cyclic
nucleotide-gated cation channel®. The large variety of mechanisms
found for sour taste highlights the complexity of taste transduction.

To some extent, the intracellular pH of taste cells follows extracel-
lular changesin pH, especially when the extracellular changes extend
over the basolateral membrane. This probably occurs because the
tight junction, which closes the extracellular space of a taste bud
towards the oral space (Fig. 1b), is permeable to H* ions*. H* ions
may therefore invade the taste bud and initiate intracellular ‘pH
tracking’, which is thought to contribute to sour transduction®.

Bitter taste

Bitter taste is unpleasant though bearable when weak, but repulsive
when strong. Many organic molecules, originating from plants and
interfering with the internal signalling system of animals and
humans, are bitter, including caffeine, nicotine and strychnine, and
the same is true for many drugs produced by industry®, Bitter taste
effectively warns us not to ingest potentially harmful compounds.
One of the exciting challenges in taste research is to understand how
bitter receptors were shaped by evolution to serve this task.

By scanning genomic databases near a promising bitter locus on
mouse chromosome 6, a group of new GPCRs was discovered, the
T2R family**8, The receptors had short amino-terminal domains
(NTDs) (Fig. 2) and were expressed specifically in a subset of taste
cells. The large size of this family, with 40-80 members originally
specified”’, came as a surprise. Three of the receptors could be
expressed in a cell line, where they responded to bitter tastants®. In
humans, the T2R family comprises at least 24 genes coding for
GPCRs, distributed over three chromosomes (B. Bufe and W. Meyer-
hof, personal communication).

It is likely but not yet certain that all 24 GPCRs of the T2R family
respond to bitter agents. How are these GPCRs distributed across taste
cells? Adler et al. concluded from in situ hybridization data* that “a
single taste receptor cell expresses a large repertoire of T2Rs,
suggesting that each cell may be capable of recognizing multiple
tastants”. Caicedo and Roper have probed this question differently, by
using functional imaging experiments. They found that most
bitter-responsive taste cells, which presumably expressed T2Rs, were
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activated by only one out of five compounds tested. Thus, the tuning of
receptor cells with respect to bitter compounds seems to be more
focused than anticipated, and different bitter stimuli may activate,
through the GPCRs expressed, different subpopulations of bitter-
sensitive taste cells”2. In agreement with this finding, single taste nerve
fibres carry signals that discriminate between bitter compounds®.

It is not only GPCRs that act as bitter receptors. Some bitter pep-
tides with amphophilic properties interact directly with G proteins,
probably by virtue of a structural similarity to the G-protein-binding
site of the receptor®. Quinine, also an amphophilic compound,
permeates the cell membrane and activates G proteins, bypassing the
receptor™. In Necturus, quinine blocks apical K* channels®, whereas
in the bullfrog, it activates a cation conductance in taste cells®,
Denatonium blocks voltage-gated delayed-rectifier K* channels®.

Caffeine and other methyl-xanthines also act without activating a
GPCR (Fig. 3). After permeating the cell membrane they block an
intracellular phosphodiesterase and cause activation of a soluble
guanylate cyclase®. Thelatter effect may be under control of nitric oxide,
as nitric oxide synthase was found in taste cells®. As the result of these
complex events, a transient increase in guanidine 3’,5'-cyclic
monophosphate (cGMP) was measured with stopped-flow methods™.

Bitter-taste transduction

Members of the T2R family were found co-expressed with the a-sub-
unit of the G protein gustducin®, a taste-specific signalling protein
long known to have a prominent role in bitter taste®. Knockout mice
lacking a-gustducin show decreased sensitivity for bitter agentssuch as
denatonium and quinine, and also for sweet agents such as saccharin
and sucrose®. a-Gustducin activates a taste-specific phosphodi-
esterase®, lowering the cellular concentration of cyclic nucleotides™.

Another transduction cascade is also activated simultaneously by
the GPCR-mediated bitter signal (Fig. 3). Of the g-and y-subunits of
heterotrimeric gustducin®, Gy13 and GB3 are able to activate
phospholipase CB2 (PLCB2; refs 60-62), leading to the generation of
inositol-1,4,5-trisphosphate (Ins(1,4,5)P,)%%. This messenger acti-
vates Ins(1,4,5)P, receptors of intracellular Ca*" stores, of which the
type 11 receptor, which may be modulated by calcium ions and by
cAMP-dependent kinases, is the dominant form®. The receptor is
co-expressed with PLCB2 (ref. 66). Concomitantly, Ca®* ions are
released into the cytosol®*¥’. The subsequent elements of transduc-
tion, that is, the channels responsible for a change in membrane
potential, remain to be identified.

Thus, the GPCR-mediated bitter signal triggers a transient
decrease in cAMP and cGMP, accompanied by a transient increase in
Ins(1,4,5)P;, (refs 59, 64). Whether the two pathways, which are
activated simultaneously, are connected, with the decrease in cyclic
nucleotides enabling the increase in Ins(1,4,5)P,, has not yet been
determined. Furthermore, it is unclear why dual signalling should
be required for bitter taste, and whether or not it is more than
parallel amplification. A similar design is not found in the receptor
cells of other senses, and the other major chemoreceptive organ —
the nose — seems to do well without it (see review in this issue by
Firestein, pages 211-218).

Sweet taste

Sweet taste responds to soluble carbohydrates present in sufficient
concentrations in the oral cavity, guiding high-calorie intake. Yet a
wide diversity of non-carbohydrate molecules is also sweet. Sweet
taste has a strong hedonic (pleasant) effect’.

Considerable efforts have been made by chemists and researchers
in food-producing companies to deduce from hundreds of sweet-
tasting compounds common structural features that were expected
to capture characteristics of ‘the’ sweet molecule and, therefore, ‘the’
sweet receptor. The binding-site models obtained seemed realistic in
that they could be used to design new high-potency sweeteners®. The
time has come, however, to define sweet receptors more directly
using the tools of genetics and molecular biology.
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Figure 3 Transduction of bitter taste as elicited by a variety of ligands. Rs, multiple
GPCRs of the T2R family, coupled to the G protein gustducin~**; o, a-subunit of
gustducin®*’; B, G-protein subunits 33 and y13 (refs 60-62); PLCB2,
phospholipase C subtype®; Ins(1,4,5)Ps, inositol-1,4,5-trisphosphate®; PDE, taste-
specific phosphodiesterase®; cAMP, cyclic adenosine monophosphate®; cGMP,
cyclic guanosine monophosphate™; sGC, soluble guanylate cyclase®®; NO, nitric
oxide®; NOS, NO synthase™. For second-messenger kinetics, see refs 55,59,63,64.

A first success was achieved by cloning a candidate trehalose
receptor of Drosophila®. It is a GPCR that has only a short NTD
(Fig. 2). In the mouse genome, sweet-receptor genes are most likely
located on chromosome 4, where two sweet taste-related locations
are found, the Dpa locus and the Sac locus™™. Mutations in the Dpa
locus resulted in a partial loss of taste acuity for the sweet amino acid
D-phenylalanine, whereas mutations in the Sac locus caused a partial
loss of taste acuity for sucrose, saccharin and other sweeteners.
Searching the new genomic databases near these two loci may
uncover genes for sweet receptors.

When applied recently to the Sac locus, this strategy proved
remarkably successful. The receptor T1R3, found simultaneously by
four laboratories’ ™, has a large NTD (Fig. 2), just like the orphan
receptors T1R1 and T1R2 described previously’. TIR3 was found in
buds of the anterior, lateral and posterior tongue. It is expressed in
many taste cells which also express the orphan T1R2, suggesting that
the two receptors serve a common function. They might, for
instance, form heterodimers, as is known from some other GPCRs
with large NTDs>™,

As the gene Tas1r3 is the only GPCR-coding gene at the Sac locus,
its product T1R3 is a strong candidate for a sweet receptor. This con-
jecture issupported by additional observations. First, strains of mice
that differ in sweet-taste ability also differ by several point mutations
in Tas1r3. These changes do not affect expression, but may resultina
decline of function. Of course, owing to extended polymorphism, the
strainsalso differ by many more mutations outside of Tas1r3. Second,
inbreeding of taster and non-taster strains revealed a correlation
between alleles received and sweet-taste acuity. In the future, amore
detailed proof might show that transgenic non-taster mice become
tasters when Tas1r3 is switched on. The ink was not yet dry on the
candidate sweet receptor T1R3, when Charles Zuker and co-workers
managed to express this GPCR in oocytes. They found that the recep-
tor does not respond to sweeteners on its own. But responses were
obtained after co-expressing T1R3 together with T1R2, showing that
the first functional sweet receptor found in mammalsisadimer”’.

Sweet-taste transduction

How is T1R3 coupled to the transduction machinery? This GPCR is
expressed by about 20% of the taste cells, some of which also express
a-gustducin. The precise extent of co-expression is debatable, how-
ever, as one group found that less than 20% of the T1R3 cells have a
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measurable gustducin signal™, whereas another specified a much
larger percentage™. The co-expression is compatible with a role of
a-gustducin in sweet taste, as data obtained from knockout mice had
suggested previously®. If the fraction of cells that co-express T1R3
with a-gustducin isas low as 20%, then the co-expressing cells may be
generalists, responding to both sweet and bitter signals. In this case,
a-gustducin would be a hallmark of bitter transduction, but would
not be present in most sweet-responsive cells, which ignore the bitter
signal. Many of the taste cells co-expressing T1R3 and a-gustducin
also express GB3, Gy13 and PLCB2 (ref. 72), all transduction
elements of bitter taste (Fig. 3).

Like bitter-responsive cells, sweet-responsive cells use both cyclic
nucleotides and Ins(1,4,5)P, as second messengers (Fig. 4).
Ca**-imaging experiments with isolated taste buds of rat vallate
origin showed that stimulation with sugars or with forskolin caused
Ca®* uptake from the extracellular space, whereas non-sugar sweet-
eners caused Ca®* release from intracellular stores?. This, together
with other data, suggested that sugars activate a cyclic nucleotide
cascade, leading to an increase of CAMP, membrane depolarization
and Ca®* uptake, whereas non-sugar sweeteners activate the
Ins(1,4,5)P; cascade in the same cellX. This notion was compatible
with resultsfrom several laboratories, some of which involved inhibi-
tion of aK* conductance as the depolarizing step'®"*®". Inhibition of
the K* conductance was thought originally to occur through protein
kinase A (PKA)", buta cyclic nucleotide-gated channel, the CNG,
that was found in taste cells®might contribute to depolarization and
Ca®* inflow when cAMP increases (Fig. 4). A co-localization of the
channel with T1R3 or a-gustducin has not yet been reported.

More recent evidence indicates modifications regarding the role
of CAMP in sweet taste (Fig. 4). An inhibitor of PKA was found not to
inhibit the sugar-sweet response in the hamster anterior tongue, but
to enhance it*. This indicates that PKA is not involved directly in the
response to sugars, but may be involved in adaptation. The response
to artificial sweeteners was also enhanced. In contrast, inhibition of
protein kinase C did not affect responses to sucrose, but inhibited
responses to artificial sweeteners. This showed again that the trans-
duction of the two kinds of sweeteners differs. Inhibition of the
Ca**/calmodulin-dependent cAMP-phosphodiesterase enhanced
the responses to sucrose but not to synthetic sweeteners, indicating
that the calcium ions released during stimulation with synthetic
sweeteners may depress a simultaneous response to sucrose by
activation of this enzyme®.

Furthermore, it was found with improved recording conditions
that in the vallate papilla of the rat the second messenger cGMP rose
transiently, with a peak-time of 150 ms, in response to sucrose. This
signal was observed only as long as cAMP remained low, suggesting
that cGMP is involved in the initial stage of sugar-taste transduction
and may be more significant than cAMP at this stage®.

In conclusion, sweet-taste transduction is complex and our
knowledge about it is far from complete. The data presently available
suggest that sweet stimuli activate taste cells through at least two
transduction pathways (Fig. 4), of which one involves an increase in
cyclic nucleotides (cGMP or cAMP), the other an increase in
Ins(1,4,5)P;. Membrane depolarization by inhibition of a K™ con-
ductance may be acommon feature of the two pathways. An increase
in the cytosolic Ca?* concentration occurs in both of the pathways,
even though the source of the Ca* ions is different. There seems to be
variability in utilization of the pathways across the anterior and
posterior regions of the tongue and across sweeteners and animal
species. Now that candidates for sweet receptors are known, new
biochemical experiments may soon identify the transduction
elements downstream of the receptors.

Like other taste qualities, sweet taste is modified by circulating
hormones. Recently, the effect of leptin on sweet-responding taste
cells has generated much interest. Leptin, a protein hormone encod-
ed by the ob gene, is secreted mainly by adipocytes and regulates body
mass. The full-length leptin receptor Ob-Rb, a principal mediator of

NATURE | VOL 413 | 13 SEPTEMBER 2001 | www.nature.com

#2 © 2001 Macmillan Magazines Ltd

insight review articles

Sucrose  Synthetic

V)
00

Figure 4 Molecules involved in the transduction of sweet taste. Two separate sweet
receptors are shown, but the possibility that one receptor activates both of the
transduction pathways'® is not excluded at this stage. R, candidate receptor(s)’*";
AC, adenylate cyclase® ®*¥"; cAMP, cyclic adenosine monophosphate?; PDE,
phosphodiesterase, inhibitor W7 (ref. 89); CAM, calmodulin®; PKA, protein kinase A,
inhibitor H89 (ref. 89); PLC, phospholipase C; DAG, diacylglycerol; Ins(1,4,5)P,,
inositol-1,4,5-trisphosphate?; PKC, protein kinase C, inhibitor bim
(bisindolylmaleimide)®. For crosstalk between pathways and effects of inhibitors
(H89, bim and W7), see ref. 89.

the leptin signal, is expressed in various tissues including pancreatic
B-cells and a subset of taste cells™® Leptin suppresses insulin
secretion by the activation of ATP-sensitive K* channels. Itsinhibito-
ry effect on taste receptor cells also involves the activation of a K*
conductance and membrane hyperpolarization®™. Thereby the
hormone partially blunts nerve signals indicating sweet taste, which,
presumably, makes food less attractive. During starvation the
production of leptin is decreased. The resulting disinhibition in the
target tissues diminishes energy expenditure and leads to the motiva-
tional state of hunger. At the same time, disinhibition of
sweet-responsive taste cells enhances sensitivity to sweet taste,
making sweet food more attractive. Thus the effect of leptin on the
taste system supports the general role of this hormone in regulating
nutrition, body weight and energy balance®.

Umami taste

The biological significance of this basic taste, discovered about 100
yearsago, ishigh, comparable perhaps to that of sweet taste. ‘Umami’,
a term derived from the Japanese umai (delicious), designates a
pleasant taste sensation which is qualitatively different from sweet,
salty, sour and bitter®. Umami is adominant taste of food containing
L-glutamate, like chicken-broth, meat extracts and ageing cheese.
The rather commonamino acid L-glutamate thus guides the intake of
peptidesand proteins, fromwhichitis released by proteolysis (curing
and decay). Characteristic taste-enhancing effects arise from the
presence of purine 5'-ribonucleotides such as IMP and GMP, which
arealso presentin decaying biological tissues.

Ataste receptor for L-glutamate might possibly be related to one of
the glutamate receptors well known from neuronal synapses. Start-
ing with this hypothesis, it was discovered that a subset of taste cells
contains a truncated form of brain mGIuR4, a metabotropic GPCR
abundantin the central nervous system. Although brain mGluR4 has
arather large NTD, the taste variant hasa truncated NTD (Fig. 2) and
this seems to adapt the receptor to the high glutamate concentrations
occurring in food®. Synergism with ribonucleotides, a highlight of
umami taste, was established®. Once again, the transduction is
complex — one variant involves the sustained closure of an
unspecific cation conductance, presumably causing hyperpolariza-
tion, even though transient inward currents, which would cause
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