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Taste Transduction

Ho-Soo Lim

Dept. of Biotechnology, College of Engineering, Yonsei University, Seoul 120-749, Korea

Abstract

Taste receptor cells respond to gustatory stimuli using a complex arrangement of receptor molecules, signaling
cascades, and ion channels. When stimulated, these cells produce action potentials that result in the release of
neurotransmitter onto an afferent nerve fiber that in turn relays the identity and intensity of the gustatory stimuli
to tae brain. A variety of mechanisms are used in transducing the four primary tastes. Direct interaction of the
stimuli with ion channels appears to be of particular importance in transducing stimuli reported as salty or sour,
whereas the second messenger systems cyclic AMP and inositol trisphosphate are important in transducing bitter
and sweet stimuli. In addition to the four basic tastes, specific mechanisms exist for the amino acid glutamate,
which is sometimes termed the fifth primary taste. The emerging picture is that not only do individual taste
qua.ities use more than one mechanism, but multiple pathways are available for individual tastants as well.
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Fig. 1. Taste sensitivity, cranial nerve innervation and papilla
type differ throughout the human tongue.

A. Surface of dorsum and root of human tongue. B. Innervation
pattern of the tongue. The taste buds of the anterior two—-thirds
of the tongue are innervated by the afferent fibers that travel in
a branch of the facial nerve (VII) called the chorda tympani. The
taste buds of the posterior third of the tongue are innervated by
afferent fibers that travel in the lingual branch of the glos-
sopharyngeal nerve (IX). C. Schematic cross sections of the main
types of taste papillae. Each type predominates in specific areas
of the tongue, indicated by the arrows from part B. D. Regions of
lowest threshold for sweet, salty, sour, and bitter tastes in the
human tongue (11).
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Fig. 2. Schematic drawing of a mammalian taste bud.

This barrel-shaped struture contains different cell types, including
basal cells (B), dark cell (D), light cells (L}, and intermediate cells
(I). These epithelial receptor cells make synaptic contact with distal
contact with distal processes of cranial nerves (n) VII, IX, or X,
whose cell bodies lie within the cranial nerve ganglia. The microvilli
of the taste receptor cells (tr) project into an opening in the
epithelium, the taste pore (p), where they make contact with
gustatory stimuli (12).
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Fig. 3 Generalized scheme of sensory transduction in a taste receptor cell.

A, Taste stimuli interact with the apical membrane, either by binding to specific membrane receptors or by modulating apically located
ion chennels. The interaction usually leads to membrane conductance change, membrane depolarization, acgtion potentials, Ca”" influx,
and trensmitter release. Some taste stimuli activate second messenger pathways that trigger release of Ca’* from intracellular stores,
Whether Ca™ release is sufficient to cause release of neurotransmitter is not known (12). B. Bipolar receptor cell with sensory nerve
fibre a:tached. Some morphological details and the location of the main types of identified fon channels on the lateral membrane are
indicat>d. BP, basal process (5).
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Fig. 5. Sodium salt transduction.

Sodium permeates apically located amiloride-sensitive Na" chan-
nels; the Na“ simply flows down its electrochemical gradient to
depolarize the taste cell. Some Na' also penetrates the tight
junctions at the apex of the taste bud. This Na” likely enters the
cell via Na'-permeable channels on the basolateral membrane
(the paracellular pathway). Whether these basolateral channels
are the same amiloride-sensitive channels that are expressed on
the apical membrane is not known. Sodium that enters the cell
is pumped out by a Na', K'-ATPase on the basolateral membrane
(not shown)(12).

ol 35 chFig. 4. 919k 72 kgt 4719 EAl= A
shel AsAdd Aol wfg- Sabsirle A& BFEo
AR FEY AR A EAd Na7t gl e A HEolta
o]l = wiztA Na' xHL* a8 Eaf Al 22 f- Fh27).
olzigt Ao 2= oty Alske FHE 4= gly] i Foll F

7HA] gk :17“35}7] -rlﬁﬂ = 7]l 71Ae] glefef gt
o2 Al Xl = H7F AAH §xelA dd=e 5938 K
A w2 g AR} o) Al A FR)719 v g
WA dels A &4 K Adelo) o] 7t Ad °l &
A2 A& vl e AL T3 rh28). Ho] &2
7} wEE e AL wheste] Ayt G255 ck(Fig. 6)

2 Aol 4] A 29 F-2] pHrL #stEH o= Ax 7]
A 7)A] ARE o] AZH-2) pHE #H3H ) olejg |4
L A x7re] gk A dtight junction)e] H o]-& F3}3t
= 9l7] wEoll dojuied(28,29), A Alute] AlF A edef 7]
og Zlo|ch

rﬁi l‘l

S R R Rl R =

Z A8l Bolgt w477} £
4-7)7} Z25}e] ] trehalose =471
°] “4(30 . 8 7]‘\_—: ] -$- 22 N-terminal domain(NTD)-&
7}2] = G protein—coupled receptor(GPCR)o 1t} (Fig. 4). m=3&F
F oA = F o Dot87] AR A4 Dpalocuset
Sac locus(31)ell Eal3he 7 2.2 93] 3 v} Sac locusell &Y

H* Amitoridn WY

F

Apcad

p Y
S

Basolateral

Fig. 6. Acid (sour) transduction.

Protons likely utilize several mechanisms for transduction. One
mechanism involves proton permeation of the amiloride-sensitive
Na“ channel, and another mechanism involves proton block of
apically located K" channels. Both mechanisms result in taste cell
depolarization. Protons probably also permeate the paracellular
pathway, but the effects of protons on basolateral channels have
not been determined (12).
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Fig. 7 Sweet taste transduction.

Two s:parate sweet receptors are shown, but the possibility that
one re:eptor activates both of the transduction pathways is not
excludxd at this stage. R, candidate receptor(s), AC, adenylate
cyclase; cAMP, cyclic adenosine monophosphate; PDE, phospho~
diesterase, inhibitor W7; CAM, calmodulin; PKA, protein kinase
A, inhioitor H89; PKC, protein kinase C, inhibitor bim (bisindolyl-
maleimide). For crosstalk between pathways and effects of in-
hibitors, see ref. 40.
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Fig. 8. Transduction of bitter taste as elicited by a variety
of ligands.

Rs, multiple GPCRs of the T2R family, coupled to the G protein
gustducin;, @, @ -subunit of gustducin; By, G-protein subunits
B3 and 7 13; PLCB2, phospholipase C subtype; IPs, inositol-1,4,5-
trisphosphate; PDE, taste-specific phosphodieterase; cAMP, cy-
clic adenosine monophosphate; ¢cGMP, cyclic guanosine mono-
phosphate; sGC, soluble guanylate cyclase; NO, nitric oxide; NOS,
NO synthase (5).
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Fig. 9. Amino acid transduction.

Taste cells located in catfish barbels are extremely sensitive to
particular amino acids. Both L-arginine and L-proline directly
activate: ligand-gated cation channels to depolarize taste cells. In
contrast, in mammalian tate cells, L-glutamate likely activates
the me abotropic glutamate receptor mGluR4, resuiting in a de-
crease n cCAMP. How the decrease in cAMP leads to membrane
depolar zation is not understood (12).
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