
Chemoreception

Detection
 

of
 chemicals

Ingested
 

molecules
 (primarily

 

water-soluble)
= Tastants

TASTE
In the external

 environment

OLFACTIONAirborne
 

molecules
 

= 
Odorants

Irritating
 

or
 

noxious
 molecules
TRIGEMINAL 

CHEMORECEPTION

Environmental
 

information
 

from
 

a distance.

Information
 

on
 

potential
 

damage.

Information
 

on
 

potential
 

food.

Receptors
 

in the 
nasal cavity, 

mouth
 

or
 

face
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In the internal
 environment

Homeostasis

Molecules
 

in the 
viscera

Molecules
 

in the 
blood: O2

 

, CO2

 

, pH

INTERNAL 
CHEMORECEPTION



Olfaction: The olfactory
 

stimulus

Different

 

quantity different perception

Complex

 

mixtures sensed as single odor

Empirical

 

classifications

 

based

 

on:
perceived

 

quality
molecular structure
anosmias

Many

 

and

 

diverse

Odorants
Volatile, hydrosoluble

 

or

 

liposoluble

?Sensory
 

submodalities

ModalityModality LocationLocation IntensityIntensity TimingTiming

Sensitivity
Different

 

thresholds

*

*

* Very
 

high, but
 

less
 

than
 

other
 

animals

Discrimination
(10,000 perceived

 

odors)
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Functional
 

morphology

Olfactory

 
bulb

Cribiform

 
plate

Olfactory

 
epithelium

Olfactory

 
nerve

Nasal 
cavity

Regeneration: 
average life

 

span

 
1-2 months
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Chemoelectrical
 

transduction of
 

odors
in receptor cells

Receptor 
potential

Action

 
potential

Odorant

 

binds

 

to

 
receptor

Odorant

Receptor

Inactive 
Na+/Ca2+ 

channel

Adenylate

 
cyclase

 

(AC)

The odorant-receptor complex

 
activates

 

a G-protein

G-protein

cAMP

 

binds

 

to

 

the cation

 

channel. 
Channel

 

opens

 

and

 

depolarizes

 

the cell.

G-protein

 

α

 

subunit

 
activates

 

AC that

 
produces cAMP.

Amplification

 

by Ca2+

 
activated

 

Cl-

 

current.

Active 
Na+/Ca2+ 

channel
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Coding
 

the olfactory
 

information...

...in receptor neurons

Variable amino acids
Conserved

 

amino acids

Many
 

odorant
 membrane

 

receptors
(200 genes in humans, 
1000 in mice)

Highly
 

variable 
protein

 

family

Receptor B
G

Receptor A
G

Odorant
Binds

 

A and

 

B

Binds

 

A

Binds

 

B

Not

 

detected

 
by A or

 

B

Ligand specificity

1
 

RECEPTOR NEURON

expresses

1
 

ODORANT RECEPTOR 
GENE

(or

 

only

 

a few)
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Coding the olfactory information...

ModalityModality LocationLocation IntensityIntensity TimingTiming

Correlates with...
?

Coding the olfactory information...

Temporal coding Adaptation to continuous smell

Poor stimulus localization Sniffing synchronizes activity
Body movement

...in the olfactory bulb

Olfactory bulb 
Spatial map

Olfactory epithelium 
Spatial map

Receptor 1

Receptor 2

Tr
an

sv
er

sa
l s

ec
tio

n 
of

 th
e 

no
se
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Olfactory

 
tract

Piriform

 
cortex

Olfactory

 
tubercle

Amygdala

Entorhinal

 
cortex

Olfactory

 

bulb

 
targets

Central processing
 

of
 

olfactory
 

information

Thalamus

Orbitofrontal

 
cortex

Hypothalamus

Hippocampus

2) Pathway

 

to

 

cortex

 

through

 

thalamus

Conscious
Discrimination

 
of

 

odors

3) Limbic

 

projections

4) Hippocampus

Emotive

 

aspects

Memory

 

aspects

Properties:

1) Direct

 

pathway

 

to

 

cortex
(Phylogenetically

 

old

 

functional

 

system)

Olfactory

 
receptors

Olfactory

 
nerve

Olfactory

 

bulb
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More taste

 

sensations
Complex

 

mixtures sensed as single flavor

Number

 

of

 

tastes?

Gustation: The gustatory
 

stimulus

ModalityModality LocationLocation IntensityIntensity TimingTiming

Tastants
Non-volatile, soluble in saliva

Many

 

and

 

diverse
Salt Electrolite balance (NaCl 10 mM)

Acids Food palatability (Citric acid, 2 mM) 

Sugars Energy (Sucrose, 20 mM)

Glutamate Protein synthesis

Bitter

 

tasting

 

molecules Poison signaling
Alkaloids: atropine, quinine

 

(0.008 mM),
strychnine

 

( 0.0001 mM)...

Classifications

Sensory
 

submodalities

bitter

sour

 

(acid)

salty
sweet

?

Temporal coding Adaptation
to

 

continuous

 

taste

Spatial

 

coding

Sensitivity

Stimulus

 

concentration
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Taste

 

pore

Synapses

Taste

 

cell

Basal cell

Taste

 

cell

 

in 
different

 

phases

 
of

 

differentiation
Taste

 

bud

Functional
 

morphology

Taste

 

papillae

Circumvallate

Foliate

Fungiform

to
ng

ue
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Chemoelectrical
 

transduction of
 

tastes
in receptor cells Ionic

stimuli
Complex
stimuli

G protein

Endoplasmic
reticulum

NT

Serotonin
receptor

Action

 

potential

Primary
sensory
neuron

Depolarization

Second
messengers

Receptor

Ion channel

A
pi

ca
l s

ur
fa

ce
B

as
ol

at
er

al
su

rf
ac

e

M
em

brane
receptors

Salt Acids

 

(sour)

Bitter

Sugars Sweeteners
Monosodium
glutamate

 

(“Umami”)

Io
n 

ch
an

ne
ls
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Coding
 

the gustatory
 

information

Stimuli
 

discrimination

S Q N H
Fiber

 

1
S Q N H

Fiber

 

2
S Q N H

Fiber

 

3

R
es

po
ns

e

-

+

Sucrose Quinine NaCl HCl

Afferent

 

fiber

 

1
Afferent

 

fiber

 

2

Afferent

 

fiber

 

3

1 2 3
Sucrose

1 2 3
Quinine

1 2 3
NaCl

1 2 3
HCl
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Central processing
 

of
 

gustatory
 

information

C
entral pathw

ays
Peripheralpathw

ays

(NST)

VII

IX

X

NST

Afferent

 

visceral sensory

 

information
(Sympathetic

 

+ Parasympathetic)

Interneurons
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Trigeminal

 
ganglion

Mandibular 
nerve

Maxillary

 
nerve

Ophthalmic

 
nerve

Ethmoid

 
nerve

 

(nose)

Ciliary

 

nerves

 
(cornea)

Lingual nerve

 
(tongue)

Inferior alveolar 
nerve

 

(teeth)

Trigeminal
 

chemoreception

2) Activated

 

by irritants:
air

 

pollutants

 

(sulfur

 

dioxide)
ammonia

 

(smelling

 

salts)
ethanol

 

(liquors)
acetic

 

acid

 

(vinegar)
carbon

 

dioxide

 

(in soft

 

drinks)
capsaicin

 

(in chili peppers) HOT food

4) Function: Trigger

 

protective

 

reactions.

Properties:

1) Mediated

 

by polymodal

 

nociceptive neurons
(C fibers)

Capsaicin

heat

VR1 receptor
Endogenous

 

activators:
acid

 

and

 

temperature

3) Higher

 

thresholds

 

than

 

gustatory

 

or

 

olfactory

 

receptors
NaCl

 

0.1 M salty taste

NaCl

 

1 M irritant
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