
A few questions on the content of the 
previous lecture
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The vestibular pathway begins with

ⓘ Start presenting to display the poll results on this slide.
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The primary motor cortex (BA 4) is 
organized

ⓘ Start presenting to display the poll results on this slide.
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The basal ganglia

ⓘ Start presenting to display the poll results on this slide.



Any questions/remarks before we begin 
today’s lecture?
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Outline
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1. Smell: the olfactory circuit

2. Taste: the gustatory processing network

3. Touch: the somatosensory system

the chemical senses



Smell: the olfactory circuit
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odorants = volatile chemicals 
that are perceived as odors

~5 cm2; contains sensory neurons
and glia-like supporting cells 

bipolar nerve cells (i.e.,  a single dendrite 
extends from the apical end to the epithelial 
surface, where it gives rise to numerous thin cilia 
that protrude into the mucus that coats 
the nasal cavity 

odorants

short life span (30 to 60 
days); continuously replaced 
from a layer of basal stem 
cells in the epithelium

adapted from Kandel et al. (2021), p. 683

the axons of olfactory sensory neurons
pass through the cribriform plate and 
project to the olfactory bulb, where 
they terminate on the dendrites of 
mitral and tufted cell relay neurons 
within glomeruli

axons of the relay neurons project to the olfactory 
cortex, where they terminate on the dendrites of 
pyramidal neurons whose axons project to other 
brain areas

cribriform plate = perforated region in 
the ethmoid bone above the nasal cavity

Overview

Cribriform
plate

Olfactory
epithelium Olfactory

sensory
neurons

Olfactory cortex

Olfactory 
bulb

Glomeruli

Tufted
cell

Mitral
cell

Pyramidal
cell

cluster of synapses that collects information from 
olfactory neurons expressing a single type of receptor 
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Odorant receptors

Kandel et al. (2021), p. 686

Odorant receptors belong to the 

G protein–coupled receptor superfamily.

Binding of an odorant to its receptor => 

depolarization of the olfactory sensory 

neuron => action potentials are generated

and conducted to the olfactory bulb.

Dynamic adaptation to odors & recovery 

of sensitivity => mechanism not understood.

A slight change in the chemical structure

of an odorant => dramatic perceptual 

changes (e.g., from rose to sour). The same

happens for different concentrations of the 

same odorant.
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The olfactory glomerulus

There are ~350 different types of olfactory receptors => ~350 

different types of glomeruli spread throughout the olfactory bulb.

Whereas olfactory sensory neurons with

the same odorant receptor are randomly scattered in

one epithelial zone, their axons typically converge in

two glomeruli at specific locations, one on either side

of the olfactory bulb. Kandel et al., (2021), p. 689

The axon of an olfactory sensory neuron as well as the primary dendrite 

of each mitral and tufted relay neuron terminate in a single glomerulus. 

In each glomerulus, the axons of several thousand sensory neurons 

converge on the dendrites of ~40 to 50 relay neurons.

Each glomerulus, and each mitral and tufted relay neuron connected to

it, receives input from just one type of odorant receptor. The result is a 

precise arrangement of sensory inputs from different odorant receptors, 

one that is similar between individuals (i.e., chemotopic map).

Because each odorant is recognized by a unique combination of receptor 

types, each also activates a particular combination of glomeruli in the 

olfactory bulb. 
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The vomeronasal organ

Pfaff et al., (2022), p. 1239

http://tinyurl.com/ycy8n439 

Tongue

Vomeronasal
(Jacobson’s)
organ

Nose

The Flehmen response: http://tinyurl.com/zwmc5mmz 

pheromones

chemicals capable of acting like hormones outside the body 

of the secreting individual, to affect the behavior of the 

receiving individuals
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http://tinyurl.com/ycy8n439
http://tinyurl.com/zwmc5mmz


The olfactory tract

analogous to the primary 
sensory cortices in vision, 
audition, and somatic sensation

analogous to the 
higher-order processing 
regions in these other systems

Purves et al., (2018), p. 324

composed of the axons of mitral and tufted cells
From a functional point of view, the brain 

regions involved in olfaction can be divided 

into those that are part of the neocortex 

(orbitofrontal cortex) and are related to the 

awareness of smell, and those that are part 

of the limbic system.

The limbic system includes amygdala 

(processing of smell-related fear and threat 

stimuli), entorhinal cortex (interface between hippocampus and cerebral 

cortex important for creating olfactory memories), and hippocampus 

(incorporation of long-term olfactory memories).
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Kandel et al., (2021), p. 690

The axons of mitral and tufted 

relay neurons of the olfactory 

bulb project through the lateral 

olfactory tract to the olfactory cortex. 

The olfactory cortex consists of 

several distinct areas, the largest of which is the piriform cortex. 

The olfactory cortex projects to other brain areas directly as well as indirectly via the 

thalamus. Targets include frontal and orbitofrontal areas of the neocortex, which are 

thought to be important for odor discrimination, and the amygdala and hypothalamus, 

which may be involved in emotional and physiological responses to odors. Mitral

cells in the accessory olfactory bulb project to specific areas of the

amygdala that transmit signals to the hypothalamus.
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https://www.nobelprize.org/prizes/medicine/2004/summary/ 

https://www.youtube.com/watch?v=BvV3vYsOzMk 
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https://www.nobelprize.org/prizes/medicine/2004/summary/
https://www.youtube.com/watch?v=BvV3vYsOzMk


In summary

https://www.youtube.com/watch?v=8NrZdv3c0cA https://www.youtube.com/watch?v=wQJbsOWc344 
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https://www.youtube.com/watch?v=8NrZdv3c0cA
https://www.youtube.com/watch?v=wQJbsOWc344


Taste: the gustatory processing network
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Five basic taste qualities: sweet, bitter, salty, sour, and umami (i.e., a Japanese word 

meaning delicious and associated with the “savory” taste of amino acids). 

This limited palate detects all essential dietary requirements: sweet taste invites 

consumption of energy rich foods; bitter taste warns against the ingestion of

toxic, noxious chemicals; salty taste promotes a diet that maintains proper 

electrolyte balance; sour taste signals acidic, unripened, or fermented foods; and

umami indicates protein-rich foods. Both sweet and umami tastants are innately 

pleasurable, while bitter and sour tastants elicit innately aversive responses.

Taste is often thought to be synonymous with flavor. However, taste 

refers strictly to the five qualities encoded in the gustatory system, 

whereas flavor stems from the multisensory integration of inputs 

from the gustatory, olfactory, and somatosensory systems 

(e.g., texture and temperature). Purves et al., (2018), p. 349
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http://tinyurl.com/yjxf56x8 

innervates the anterior two-thirds of the tongue

innervates the posterior third of the tongue

innervates the epiglottis

http://tinyurl.com/2tpv4xzh 

epiglottis 

elastic cartilage that protects the larynx 

and enables swallowing

branch of the facial nerve 

that innervates the anterior 

two-thirds of the tongue
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http://tinyurl.com/yjxf56x8
http://tinyurl.com/2tpv4xzh


adapted from Purves et al., (2012), p. 123
and Purves et al., (2018), p 348

The papillae are multicellular protuberances surrounded by local invaginations in the tongue 

epithelium (i.e., trenches) to concentrate solubilized tastants. 

Taste buds (~ 4000 in humans) are distributed along the 

lateral surfaces of the papillar protuberance as well as in the 

trench walls. They consist of specialized neuroepithelial 

receptor cells called taste cells (~ 2 weeks lifespan), some 

supporting cells, and occasional basal cells (i.e., the local 

stem cells which help replace the dead taste cells). 

opening at the epithelial surface; 

the point of contact with tastants
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Kandel et al., (2021), p. 697

Each taste bud contains approximately 100 taste receptor cells (taste cells), elongated cells that stretch from the taste 

pore to the basal area of the bud.

Each taste cell extends microvilli into the taste pore, allowing the cell to contact chemicals dissolved in saliva at the 

epithelial surface. 

Microvilli
At its basal end, the taste cell contacts the afferent

fibers of gustatory sensory neurons. 

Taste cells are nonneural, but their contacts with

the gustatory sensory neurons have the 

morphological characteristics of chemical synapses, 

including clustered presynaptic vesicles. Taste cells 

also resemble neurons in that they are electrically 

excitable; they have voltage-gated Na+, K+, and Ca2+ 

channels and can generate action potentials.
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Purves et al., (2018), p. 346

cell bodies of the taste receptor

cells reside in specific sensory ganglia

(i.e., nucleus of the solitary tract and

ventral posterior medial nucleus of

the thalamus)
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https://tinyurl.com/2p9kk2h3 

Whenever in doubt: visualize!

https://mangoviewer.com/mango.html

https://neuroquery.org/

Use this open-source 
software to load 
neuroimaging 
files for visualization

Use this website to see and download
activation maps (in .nii.gz format;
nii = Neuroimaging Informatics 
Technology; gz = compressed 
using Gnu Zip (gzip) software)

The gustatory cortex: anterior insula
& frontal operculum

https://tinyurl.com/2p9kk2h3


https://www.youtube.com/watch?v=K9JSBzEEA0o 

In summary

https://www.youtube.com/watch?v=9H5fcI7legE 

https://www.youtube.com/watch?v=3q2SWm9dheo 

kokumi = “rich taste” (e.g., the richness 
and complexity of aged wines)
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https://www.youtube.com/watch?v=K9JSBzEEA0o
https://www.youtube.com/watch?v=9H5fcI7legE
https://www.youtube.com/watch?v=3q2SWm9dheo


Touch: the somatosensory system
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Purves et al., (2018), p. 194

stimulation on skin

sensory transduction

(i.e., the process of converting 

the energy of a stimulus into an 

electrical signal) => receptor 

potential proportional to 

stimulation intensity

action potentials are generated in

afferent fibers whose cell bodies

are in the dorsal root ganglia
REMEMBER: the trigeminal nerve
(I.e., cranial nerve V) innervates the face
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Purves et al., (2018), p. 195

Most afferent fiber terminals that detect and transmit touch

sensory stimuli are encapsulated by specialized receptor cells 

that help tune the afferent fiber to somatic stimulation. 

The encapsulated fibers terminals generally have lower 

thresholds for action potential generation => more sensitive to 

sensory stimulation compared to free nerve endings.

Unencapsulated afferent fibers are called  free nerve endings 

and are especially important in the sensation 

of pain (i.e., nociception).
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Sensory neurons

https://pubmed.ncbi.nlm.nih.gov/24641192/ 

Because sensory neurons are pseudounipolar, conduction of electrical activity 

through the membrane of the cell body is not an obligatory step in conveying 

sensory information to central targets. Nevertheless, cell bodies of sensory 

afferents play a critical role in maintaining the cellular mechanisms that mediate 

transduction, conduction, and transmission by sensory afferent fibers.

transduction

occurs in the peripheral terminals of primary afferent neurons where different forms 

of energy (e.g., mechanical), are converted to electrical activity (action potentials)

transmission 

the process by which electrical activity induced by a stimulus is conducted through 

the nervous system

conduction

the movement of an action potential across the peripheral process to the central 

process where it depolarizes the presynaptic terminal

https://pubmed.ncbi.nlm.nih.gov/24641192/


29

Purves et al., (2018), p. 196
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Two-Point Discrimination Test (psychophysics)

https://www.youtube.com/watch?v=_f488-BNid8 

examples of calipers

https://www.youtube.com/watch?v=_f488-BNid8
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Primary somatosensory cortex

Purves et al., (2018), p. 206

Each of the several ascending somatosensory 

pathways originating in the spinal cord and 

brainstem converges on the ventral posterior 

complex of the thalamus and terminates in an 

organized fashion (somatotopy).
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Somatotopic organization of the primary somatosensory cortex

remember the homunculus of Wilder Penfield

Purves et al., (2018), p. 206
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https://www.youtube.com/watch?v=uOaiaYDoUnA https://www.youtube.com/watch?v=udzhuFz3HKw 

In summary

https://www.youtube.com/watch?v=uOaiaYDoUnA
https://www.youtube.com/watch?v=udzhuFz3HKw
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https://www.youtube.com/watch?v=lrn5HbQjkm8 

Real world applications

https://www.youtube.com/watch?v=lrn5HbQjkm8


https://www.youtube.com/watch?v=X9Cy0Y6YYOA 

Further resources
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https://www.youtube.com/watch?v=X9Cy0Y6YYOA
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