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Chapter 10 Sensory Physiology
(a) Taste buds are located on the dorsal surface
of the tongue.
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(b) A light micrograph of a taste bud. Each taste
bud is composed of taste cells and support cells,
joined near the apical surface with tight junctions.

e

FIGURE 10-16

~=-----.Jro

(e) Taste ligands create Ca 2 + signals that
release serotonin or ATP.

Taste buds are composed of taste cells and support cells.

Part (e) adapted from Tomchik et

a/., J. Neuroscience

27 (40): 10840-10848,2007.

Taste Is a Combination
of Five Basic Sensations
Our sense of taste (gustation) is closely linked to olfaction.
Indeed, much of what we call the taste of food is actually the
aroma, as you know if you have ever had a bad cold . Although
smell is sensed by hundreds of receptor types, taste is currently
believed to be a combination of five sensations: sweet, sour,
salty, bitter, and umami, a taste associated with the amino acid
glutamate and some nucleotides. Umami, a name derived from
the Japanese word for "deliciousness," is a basic taste that en
hances the flavor of foods . It is the reason that monosodium
glutamate (MSG) is used as a food additive in some countries.
Each of the five currently recognized taste sensations is as
sociated with an essential body function . Sour taste is triggered
by the presence of H+ and salty by the presence of Na i , two

ions whose concentrations in body fluids are closely regulated.
The other three taste sensations result from organic molecules.
Sweet and umami are associated with nutritious food. Bitter
taste is recognized by the body as a warning of pOSSibly toxic
components. If something tastes bitter, our first reaction is
often to spit it au t.
The receptors for taste are located primarily on taste buds
clustered together on the surface of the tongue (Fig. 10-16 e ).
One taste bud is composed of 50-150 taste cells, along with
support cells and regenerative basal cells. Taste receptors are
also scattered through other regions of the oral cavity, such as
the palate.
Each taste cell is a non-neural polarized epithelial cell
[ {: p 155] tucked down into the epithelium so that only a
tiny tip protrudes into the oral cavity through a taste pore. In a
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given bud, tight junctions link the apical ends of adjacent cells
together, limiting movement of molecules between the cells.
The apical membrane of a taste cell is modified into microvilli
to increase the amount of surface area in contact with the en
vironment (Fig. 1O-16c).
For a substance (tastant) to be tasted, it must first dissolve
in the saliva and mucus of the mouth. Dissolved taste ligands
then interact with an apical membrane protein (receptor or
channel) on a taste cell (Fig. 1O-16c). Although the details of
signal transduction for the five taste sensations are still contro
versial, interaction of a taste ligand with a membrane protein
initiates a signal transduction cascade that ends with a series of
action potentials in the primary sensory neuron.
The mechanisms of taste transduction are a good example
of how our models of physiological function must periodically
be revised as new research data are published. For many years
the widely held view of taste transduction was that an individ
ual taste cell could sense more than one taste, with cells differ
ing in their sensitivities. However, gustation research using mo
lecular biology techniques and knockout mice [ ~ p. 292]
currently indicates that each taste cell is sensitive to only one
taste.
In the old model , all taste cells formed synapses with pri
mary sensory neurons called gustatory neurons. Now it has
been shown that there are two differen t types of taste cells,
and that only the taste cells for salty and sour tastes (type JJJ
or presynaptic cells) synapse with gustatory neurons. The
presynaptic taste cells release the neurotransmitter serotonin
by exocytosis.
The taste cell.s for sweet, bitter, and umami sensations
(type II or receptor cells) do not form traditional synapses.
Instead they release ATP through gap junction-like channels,
and the ATP acts both on sensory neurons and on neighboring
presynaptic cells. This communication between neighboring
taste cells creates complex interactions.

Taste Transduction Uses Receptors
and Channels
The details of taste cell signal transduction, once thought to be
relatively straightforward, are also more complex than scien
tists initially thought (Fig. 10-17 e ). The type II taste cells for
bitter, sweet, and umami tastes express different G protein
coupled receptors, including about 30 variants of bitter recep
tors. In type II taste cells, the receptor proteins are associated
with a special G protein called gustducin.
Gustducin appears to activate multiple signal transduc
tion pathways. Some pathways release Ca 2 + from intracellular
stores, while others open cation channels and allow Ca 2 + to
enter the cell. Calcium signals then initiate ATP release from
the type II taste cells.
In contrast, salty and sour transduction mechanisms
both appear to be mediated by ion channels rather than by
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G protein-coupled receptors. In the current model for salty
tastes, Na+ enters the presynaptic cell through an apical
channel and depolarizes the taste cell, resulting in exocytosis
of the neurotransmitter serotonin. Serotonin in turn excites
the primary gustatory neuron.
Transduction mechanisms for sour tastes are more contro
versial, complicated by the fact that increasing H+, the sour
taste signal, also changes pH. There is evidence that H+ acts on
ion channels from both extracellular and intracellular sides of
the membrane, and the transduction mechanisms remain un
certain. Ultimately, H+ -mediated depolarization of the presyn
aptic cell results in serotonin release, as described for salt taste
above .
Neurotransmitters (ATP and serotonin) from taste cells ac
tivate primary gustatory neurons whose axons run through cra
nial nerves VlI, IX, and X to the medulla, where they synapse.
Sensory information then passes through the thalamus to the
gustatory cortex (see Fig. 10-4). Central processing of sensory
information compares the input from multiple taste cells and
interprets the taste sensation based on which populations of
neurons are responding most strongly. Signals from the sensory
neurons also initiate behavioral responses, such as feeding, and
feed forward responses [ ~ p. 204] that activate the digestive
system.
An interesting psychological aspect of taste is the phe
nomenon named specific hunger. Humans and other animals
that are lacking a particular nutrient may develop a craving for
that substance. Salt appetite, representing a lack of Na + in the
body, has been recogni zed for years. Hunters have used their
knowledge of this specific hunger to stake out salt licks because
they know that animals will seek them out. Salt appetite is di
rectly related to Na+ concentration in the body and cannot be
assuaged by ingestion of other cations, such as Ca 2 + or K+.
Other appetites, such as cravings for chocolate, are more diffi
cult to relate to specific nutrient needs and probably reflect
complex mixtures of physical, psychological, environmental,
and cultural influences.
CONCEPT

CHECK

14. With what essential nutrient is the umami taste sensation as

sociated?
15. Map or diagram the neural pathway from a presynaptic taste

cell to the gustatory cortex.

Answers p. 383

THE EAR: HEARING
The ear is a sense organ that is specialized for two distinct func
tions: hearing and equilibrium. It can be divided into external,
middle, and inner sections, with the neurological elements
housed in and protected by structures in the inner ear. The
vestibular complex of the inner ear is the primary sensor for
equilibrium. The remainder of the ear is used for hearing.
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