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TYPE I CELL

TYPE Il CELL

Primary Disciplinary Field(s): Anatomy, Physiology, Neuroscience

1. Core Definition and Nomenclature

The Type Il cell, often referred to synonymously as a light cell due to its distinctive appearance
under electron microscopy, constitutes a fundamental component of the peripheral gustatory
system. These specialized cells are housed within the taste buds, which are complex
chemosensory organs distributed across the tongue, palate, and epiglottis. The primary and
defining function of the Type Il cell is the detection of specific non-ionic tastants, namely sweet,
bitter, and umami compounds. Unlike Type lll (synaptic) taste cells, Type Il cells do not form
traditional chemical synapses with afferent nerve fibers; instead, they rely on purinergic signaling
mechanisms, primarily involving the release of adenosine triphosphate (ATP), to communicate the
presence of a stimulus to the sensory nerves that relay information to the central nervous system.
This distinction in signaling architecture is crucial for understanding the differential processing of
taste qualities.

The nomenclature "Type II" arises from early classifications of taste bud morphology,
distinguishing them from the more prevalent Type | (glial-like) cells and the less common Type Il
(presynaptic) cells. Their designation as electron-lucent describes their appearance when viewed
using high-resolution electron microscopy; they exhibit a relatively clear cytoplasm and fewer
dense organelles compared to other cell types, giving them a lighter visual profile. This structural
characteristic, while descriptive, reflects underlying differences in metabolic activity and protein
distribution compared to the surrounding cellular environment. These cells are essential for
initiating the complex cascade of events that translates molecular recognition into electrical signals
perceived as taste.

Functionally, Type Il cells represent the dedicated receptor elements for the majority of the hedonic
tastes--those responsible for attraction (sweet, umami) or repulsion (bitter). Their high degree of
specialization involves the exclusive expression of G-protein Coupled Receptors (GPCRS)
designed to bind to a vast array of chemical structures. Because they utilize GPCR signaling
pathways, the Type Il cell responses are inherently slower and operate on a more complex
molecular scale than the direct ion channel mechanisms employed by cells detecting salty or sour
tastes. Thus, the Type Il cell acts as the initial sensory transducer, establishing the chemical
specificity that defines these key taste modalities.

2. Anatomical Context and Distribution

Type |l cells are strategically positioned within the highly organized structure of the taste bud,
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which typically contains 50 to 100 cells encapsulated within the stratified epithelium. Although they
are structurally distinct and functionally independent from the surrounding epithelial cells, they
maintain close physical proximity and communication with both the sustentacular Type | cells and
the neural Type Il cells. Quantitatively, Type Il cells typically account for approximately 20% of the
total cellular population within a mature taste bud, striking a balance between the more numerous
Type | cells and the sparser Type Ill and basal cells. This proportion underscores their vital, yet
non-dominant, role in maintaining taste homeostasis and function.

A defining anatomical feature of all taste cells is their apical projection into the taste pore, a small
opening at the surface of the tongue epithelium where environmental chemicals dissolved in saliva
can access the sensory elements. Type Il cells extend specialized microvilli through this pore to
directly interact with the chemical surroundings. The microvilli extending from Type Il cells are
characteristically described as short and blunt, contrasting slightly with the often thinner and
longer microvilli of Type | cells. This physical arrangement maximizes the surface area exposed to
tastants, ensuring efficient sampling of the oral environment. The integrity of this apical membrane,
where the taste receptors reside, is paramount for accurate signal transduction.

The distribution of taste buds containing Type Il cells varies across the lingual papillae. They are
densely represented in the circumvallate and foliate papillae, which are rich in receptors for bitter
tastes, and in the fungiform papillae, where sweet and umami receptors are also highly
concentrated. This varied geographical distribution reflects the specific functions of the Type Il cells
in detecting a wide spectrum of non-volatile compounds. Their basolateral membranes, though not
forming true synapses, interface intimately with the terminal processes of the gustatory afferent
nerves, allowing for rapid and precise purinergic transmission of the sensory signal upon
activation.

3. Morphological and Ultrastructural Characteristics

The Type Il cell is morphologically distinguishable from its neighbors, particularly by its size and
internal cytoplasmic organization. While the source content notes they are larger than Type | cells,
this increased volume is attributed more to their width rather than their length, resulting in a
broader, often spindle-shaped appearance within the taste bud capsule. This expanded volume
accommodates the necessary intracellular machinery required for the complex G-protein mediated
signaling cascade, including extensive smooth endoplasmic reticulum and mitochondria necessary
for calcium handling and energy provision.

The defining ultrastructural characteristic is its electron-lucent or "light" cytoplasm. This
appearance is primarily due to a relatively low density of cytoplasmic organelles and a lack of
significant dense core vesicles, which are characteristic of Type Il cells (presynaptic vesicles).
While they possess all standard organelles, they lack the extensive endoplasmic reticulum stacks
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and dense inclusions often seen in Type | cells. Furthermore, the absence of prominent synaptic
specializations, such as the presynaptic active zones found in Type Il cells, visually reinforces
their non-synaptic signaling mechanism. Instead of vesicles docking at specialized zones, Type Il
cells possess machinery for releasing ATP through non-vesicular mechanisms, such as
specialized channels like pannexin-1, which contribute minimally to the overall cytoplasmic density.

The apical domain of the Type Il cell is functionally specialized for receptor binding. The microvilli,
described as short and blunt, are projections of the apical plasma membrane that house the
specialized taste receptors. These microvilli penetrate the tight junctions of the taste pore,
exposing the receptor proteins directly to the fluid bathing the tongue surface. The membrane of
these microvilli is highly enriched with GPCRs (T1R and T2R families) and associated signaling
proteins. The integrity and morphology of these microvilli are critical; damage or alteration to this
structure can severely impair the cell's ability to bind tastants and initiate the sensory signal,
leading to gustatory dysfunction or age-related taste decline.

4. Physiological Role and Signal Transduction

The Type Il cell operates as a highly specialized chemical sensor, converting the presence of
specific dissolved molecules into an electrical and chemical output signal. The mechanism relies
entirely on G-protein Coupled Receptors (GPCRs) located on the apical microvilli. When a tastant
(e.g., sucrose, quinine, or glutamate) binds to its cognate receptor, the associated heterotrimeric
G-protein complex is activated. In taste cells, this G-protein is often Gq, which subsequently
activates the enzyme phospholipase C-beta 2 (PLCB2). This activation represents the pivotal step
in the signaling cascade, amplifying the initial molecular recognition event.

The activation of PLCB2 leads to the hydrolysis of phosphatidylinositol 4,5-bisphosphate (PIP2)
into two crucial second messengers: diacylglycerol (DAG) and inositol 1,4,5-trisphosphate (IP3).
The role of IP3 is particularly critical in Type Il cells; it binds to the IP3 Receptor Type 3 (IP3R3)
located on the membrane of the smooth endoplasmic reticulum. This binding causes a massive
release of calcium ions (Ca2+) from internal stores into the cytoplasm. This significant rise in
intracellular calcium concentration (Ca2+ transients) is the immediate cellular response to receptor
binding and serves as the trigger for the subsequent steps of signal transmission.

The elevated intracellular calcium level directly mediates the release of the primary
neurotransmitter, ATP. Unlike traditional neuronal signaling, where ATP is stored in synaptic
vesicles and released via fusion, Type |l cells release ATP primarily through specialized membrane
channels, notably the large pore channel Pannexin 1 (PANX1), though vesicular release
mechanisms may also contribute. The released ATP then acts as an extracellular signaling
molecule, binding to purinergic receptors (P2X and P2Y receptors) expressed on the adjacent
afferent nerve fibers (dendrites of cranial nerves VII, IX, or X). This binding depolarizes the nerve
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ending, generating an action potential that travels to the brain, conveying the perception of sweet,
umami, or bitter taste. This purinergic transmission system highlights the unique, non-synaptic
communication strategy employed by Type Il cells.

5. Specialized Receptor Systems and Taste Qualities

Type Il cells exhibit a remarkable characteristic known as labeled line coding at the peripheral
level: individual Type Il cells are highly specialized to respond predominantly to only one of the
three GPCR-mediated taste qualities--sweet, bitter, or umami. While a single Type Il cell expresses
hundreds of the necessary signaling components (G-proteins, PLCB2, IP3R3), it only expresses
the necessary taste receptors for one specific category. This strict segregation ensures that the
information relayed to the brain is cleanly coded for a specific flavor, maintaining the distinctness of
the gustatory perception.

The receptors responsible for these tastes belong to two distinct families: the T1R (Taste Receptor
Type 1) family and the T2R (Taste Receptor Type 2) family. Sweet and umami tastes are mediated
by the T1R family, which forms heterodimers. The sweet receptor is a functional dimer of T1R2
and T1R3 subunits (T1R2/T1R3). This receptor complex binds a wide variety of structurally diverse
sweet compounds, ranging from natural sugars like sucrose and glucose to artificial sweeteners
like saccharin and aspartame. The umami receptor, responsible for detecting L-glutamate (the
characteristic savory taste), is a dimer of TLIR1 and T1R3 subunits (T1R1/T1R3). The shared T1R3
subunit underscores the evolutionary and biochemical relationship between sweet and umami
tastes.

In stark contrast, the bitter taste is mediated by the T2R family, which consists of approximately
25-30 different receptor genes in humans. Unlike the T1R receptors, T2R receptors typically
function as monomers or potentially as homodimers, and a single bitter-sensitive Type Il cell often
expresses multiple different T2R subtypes. This broad expression pattern allows a limited number
of bitter cells to collectively detect the immense chemical diversity of potentially harmful or toxic
compounds. The high sensitivity and broad tuning of the T2R system is essential for the
evolutionary defensive role of bitter taste, ensuring avoidance of poisons. Crucially, regardless of
whether a Type Il cell is specialized for sweet, umami, or bitter, the downstream signaling pathway
(Gq, PLCB2, IP3R3, and ATP release) is conserved, allowing the nervous system to interpret the
signal based purely on which specific peripheral Type Il cell initiated the response.

6. Interaction with Type | and Type Il Cells

Type Il cells operate within a complex microenvironment, necessitating close functional integration
with the other cell types within the taste bud. Type | cells, which are the most numerous, are
generally considered glial-like sustentacular cells. Their primary role is believed to be
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homeostatic, maintaining the physical and chemical environment necessary for the sensory Type I
and Type lll cells to function properly. They possess mechanisms to rapidly clear excess
potassium ions from the intercellular space, and perhaps more critically, they express
ectonucleotidase enzymes that hydrolyze the signaling molecule ATP released by Type Il cells.
This rapid hydrolysis effectively terminates the purinergic signal, preventing desensitization and
ensuring the punctuality of the gustatory response.

Type Il cells, or presynaptic cells, are responsible for detecting sour (acidic) and some salty
tastes, relying on fundamentally different, ion-channel mediated transduction mechanisms.
Crucially, Type Il cells are the only cells in the taste bud that form classical, morphologically
defined chemical synapses with the afferent nerve fibers, using serotonin as their primary
neurotransmitter. Although Type Il and Type Ill cells detect different sets of tastants and employ
distinct signaling architectures, evidence suggests there may be a form of paracrine interaction
between them. For instance, the ATP released by Type Il cells may not only signal to the nerve but
also modulate the excitability or firing properties of adjacent Type Il cells, suggesting a complex
cross-talk mechanism that fine-tunes the overall taste signal leaving the taste bud.

The spatial organization requires Type Il cells to maintain close physical association with the
afferent nerve fibers without forming synaptic contacts. The released ATP diffuses across the
narrow extracellular space to reach the nerve endings. The anatomical proximity, coupled with the
rapid signal termination provided by Type | cell enzymes, ensures that despite the non-synaptic
mechanism, the Type Il cell signal remains focused and temporary. This tripartite structure--
receptor (Type Il), maintenance (Type |), and synaptic output (Type lll)--allows the taste bud to
function as a highly efficient and specialized sensory filter capable of processing all five basic
tastes simultaneously and distinctly.

7. Further Reading

Taste bud - Wikipedia
Type Il Taste Cells: Signal Transduction and Synaptic Mechanisms (Review Article)

The cell biology of taste receptors (Comprehensive Review)

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://en.wikipedia.org/wiki/Taste_bud
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3529323/
https://doi.org/10.1152/physiol.00037.2007
https://scales.arabpsychology.com/?p=53385
https://scales.arabpsychology.com
https://scales.arabpsychology.com

