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TYPE Il CELL

TYPE Il CELL

Primary Disciplinary Field(s): Neuroscience, Cell Biology, Sensory Physiology

1. Core Definition

The Type Il cell, often referred to in historical literature as an intermediate cell, constitutes a
distinct subpopulation of specialized neuroepithelial cells located within the taste buds (gustatory
organs) of the lingual papillae. These cells are essential components of the peripheral nervous
system responsible for transducing chemical signals from ingested substances into electrical
signals transmittable to the brain. Unlike other cell types within the taste bud epithelium, the Type
Il cell serves a primary function in synapsing directly onto afferent nerve fibers, thereby initiating
the perception of taste.

Morphologically, Type lll cells share several characteristics with other taste cell types, yet they
possess specific distinguishing features crucial for their signaling role. They are generally
elongated, extending from the basal lamina to the apical taste pore where they interact with the
oral cavity environment. The estimated abundance of Type Il cells within a typical taste bud is
approximately fifteen percent (15%), positioning them as a minority yet structurally indispensable
group necessary for efficient signal relay.

Functionally, the Type Ill cell is uniquely recognized as the primary synaptic element of the taste
bud. While other taste cells (Type Il cells) are responsible for detecting specific taste qualities
(sweet, umami, bitter), the Type Ill cell acts as the critical intermediary that receives input
(potentially indirectly) and executes the rapid release of neurotransmitters to activate the
underlying gustatory nerve fibers. This role positions the Type Il cell at the final common pathway
before the electrical signal leaves the peripheral taste organ.

2. Structural and Cytological Characteristics

Under conventional electron microscopy, the Type Il cell exhibits structural similarities to the
Type |l cell, which primarily detects sweet, bitter, and umami tastes. Both types display microvilli
that project into the taste pore, maximizing the surface area available for chemical interaction.
However, the definitive cytological feature that distinguishes the Type Il cell from its Type I
counterpart is the presence of numerous dense-cored vesicles concentrated primarily in the
basal region of the cell. These vesicles represent the storage sites for the specific
neurotransmitters used by the cell to communicate with the afferent nerve endings.

The morphology of the basal area is adapted specifically for synaptic transmission. The dense-
cored vesicles accumulate near specialized membrane regions known as presynaptic densities,
facilitating the rapid, calcium-dependent release of signaling molecules upon cellular activation.
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This structural specialization underscores the Type Il cell's designation as a classic synapsing cell,
a role often reserved for neurons, distinguishing it significantly from the receptor-only functions of
Type | or Type Il cells.

Furthermore, Type Il cells possess machinery for robust vesicular cycling and release. They
contain specific voltage-gated ion channels and calcium handling mechanisms necessary to
translate an internal stimulus (whether direct or mediated by local field potential changes from
Type 1l cells) into an exocytotic event. The precise location and density of mitochondria within the
Type Il cell also reflect the high metabolic demand associated with sustained neurotransmitter
synthesis and release required for taste perception.

3. Functional Role in Gustation

The Type lll cell is widely implicated as the primary receptor cell responsible for the transduction of
sour (acidic) taste, and potentially aspects of salty taste, though the specific mechanisms remain
complex and debated. Unlike Type Il cells, which use ATP signaling, Type lll cells appear to be
activated by external hydrogen ions (H+) that permeate specific ion channels or receptors, leading
to depolarization. This depolarization, potentially coupled with paracrine input, triggers the release
of neurotransmitters necessary for signaling the sensation of sourness to the brain.

The crucial functional role of Type lll cells is centered on peripheral nerve fiber activation.
Regardless of the originating taste stimulus (which may indirectly involve Type Il or other cell
types), the Type Il cell serves as the final, dedicated pathway for chemical synaptic transmission
onto the underlying sensory neurons. When a stimulus reaches the threshold for activation, the cell
releases its vesicular contents into the synaptic cleft, depolarizing the dendrites of the sensory
nerve fibers and propagating an action potential toward the central nervous system.

This synaptic capability is vital for integrating sensory information. While Type Il cells operate via
ATP release that diffuses locally, Type Il cells ensure a precise, directed electrical communication
with the primary afferent neurons (specifically those of the facial, glossopharyngeal, and vagus
nerves). This directed signaling guarantees the fidelity and rapid transmission of taste quality and
intensity, thereby allowing the organism to quickly process and respond to gustatory input.

4. Neurotransmitter Profile and Signaling

A defining biochemical feature of the Type Il cell is its unique neurotransmitter profile, which
includes both serotonin (5-HT) and acetylcholine (ACh). These substances are stored within the
characteristic dense-cored vesicles found in the basal region. The presence of these two distinct
signaling molecules suggests a complex regulatory role for the Type Il cell, capable of diverse
interactions with surrounding cells and the postsynaptic nerve terminal.
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Serotonin is the most widely documented neurotransmitter released by Type Il cells. Upon
activation, the release of serotonin into the synaptic cleft acts directly on 5-HT receptors located on
the afferent nerve endings, effectively activating the sensory neuron. Serotonin release is strongly
correlated with the transduction of acid stimuli, solidifying the Type Ill cell's role in sour taste
perception. Furthermore, serotonin may also function in a paracrine manner, regulating the
excitability of neighboring taste cells or modulating the sensitivity of the entire taste bud structure.

While serotonin is the primary excitatory neurotransmitter for neural activation, the role of
acetylcholine in Type Il cells is less fully characterized but equally significant. Acetylcholine may
serve a neuromodulatory role, potentially affecting the short-term plasticity or long-term sensitivity
of the synapse. Alternatively, it might co-release with serotonin to fine-tune the resulting signal
strength or frequency, adding another layer of complexity to the initial gustatory signal generation.

5. Relationship to Other Taste Cell Types

Taste buds are heterogeneous structures comprising three major neuroepithelial cell types (Type I,
II, and Ill) and basal cells. The Type Il cell must be understood in the context of this cellular
ecosystem. Type | cells, often termed glial-like cells, are believed to provide structural support,
scavenge neurotransmitters, and maintain the ionic environment. In contrast, Type Il cells
(Receptor Cells) express G-protein coupled receptors (GPCRs) for bitter, sweet, and umami tastes
and signal exclusively through the non-synaptic release of Adenosine Triphosphate (ATP).

The relationship between Type Il and Type Il cells is critical for a complete picture of gustatory
signaling. Current models suggest that the ATP released by activated Type Il cells can diffuse
locally and stimulate receptors on the Type lll cell. Thus, the Type Il cell may not only function as
a dedicated receptor for sour taste but also serve as a crucial integrator, receiving indirect,
paracrine input from Type Il cells responding to sweet, bitter, or umami stimuli. This integration
allows the complex signal generated by the Type Il cells to be converted into the rapid, action-
potential generating synaptic communication characteristic of the Type lIll cell.

This organizational structure implies a division of labor: Type Il cells are the detectors, employing
GPCR signaling and ATP release, while Type Il cells are the synapsers, employing classic
vesicular release (serotonin/ACh) and ensuring the reliable transmission of integrated signals to
the central nervous system. This functional dichotomy is fundamental to understanding the
peripheral processing of all five basic taste qualities.

6. Clinical and Research Significance

Understanding the precise function and regulation of Type Il cells is paramount for advancing
research into taste disorders, nutritional physiology, and the development of specialized flavor
enhancers or blockers. Dysfunctions in Type Il cell signaling, particularly concerning serotonin
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release, could contribute to conditions involving altered taste perception (dysgeusia) or phantom
tastes, highlighting their clinical relevance.

The uniqueness of the Type Il cell--being a specialized epithelial cell that forms a conventional
chemical synapse and utilizes classical neurotransmitters like serotonin--makes it an excellent
model for studying neuroepithelial signaling generally. Researchers frequently target Type Il cell
channels and receptors to map the pathways responsible for acid transduction, offering insights
into the broader mechanisms by which environmental pH changes are sensed by the body.

Furthermore, because Type lll cells are responsible for conveying the integrated signal from the
taste bud to the brain, they are central targets for pharmaceutical interventions aimed at
modulating appetite or reducing undesirable taste sensations (e.g., metallic tastes often associated
with certain drugs). Controlling the threshold or magnitude of Type Il cell activation could provide
novel therapeutic strategies in metabolic health and dietary adherence.

7. Further Reading

Taste bud - Wikipedia
Taste transduction and the cellular mechanisms of gustatory signaling.

Serotonin (5-HT) Function and Neurotransmission.
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