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Learning Objectives

Anatomical and functional organization of the
olfactory system

Salient expression characteristics of olfactory
receptor genes

Organization of odorant receptor inputs in the
olfactory epithelium and olfactory bulb

Molecular mechanisms of odorant transduction

Common and unique features of the gustatory
system



Odorants are very diverse chemical compounds
(humans can detect ~10,000 different smells)

green pepper

From Linda Buck’s Nobel Prize Lecture



The Enigma of Smell

* A particular chemical compound can evoke a
distinct smell

* That smell can also be evoked by a different
compound or mixture of compounds

 What is the receptor(s) in the nose that
conveys this information to the brain?



GPCR SUPERFAMILY
(791 genes)

ClassA ClassB ClassC Others
(662) (15) (22) (92)

7N

Endogenous Ligand/Orphan Qifactony/Pheromone
{271} (391)

Classification Scheme of GPCRs.
Class A (Rhodopsin-like)
Class B (Secretin-like)

Class C (Glutamate Receptor-like)
Others (Adhesion (33), Frizzled (11), Taste type-2 (25), unclassified (23))



Why study the olfactory system?

Largest group and most diverse of the GPCR family

Olfactory system re-innervates its connections to the
brain from the PNS every month

Nose is very accessible for experimentation

Olfactory neurons are also regenerated after injury
(model of nervous system repair, e.qg. spinal cord
trauma)

Stem cells regenerate these lost neuron

Smell therapy may offer new insight into the limbic
system, e.q. PTSD and neuro-economics
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The olfactory epithelium of the nose
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(B)

Odorant receptor (OR) proteins
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OR genes
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Humans have 340 functional
Receptors; many pseudogenes

One receptor gene: One neuron
~3-5% of total mammalian genome
Largest gene family

Only one allele is expressed



Characteristics of OR genes

One OR gene expressed per neuron — pseudogenes [no AUG start;
premature STOPs] initially expressed, replaced by functional one

Expression of receptor genes around olfactory epithelium is mostly
stochastic —topographic by place in epithelium
-exceptions shown in mice for certain gene families

Human olfactory receptor genes found on many chromosomes, in
clusters (families)

55 ORs respond to octanol



Structure of odorant receptor

(A)

7/-helix transmembrane receptor protein

GTP-binding protein coupled receptor (GPCR)
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Molecular mechanisms of odorant transduction
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Olfactory transduction starts with odorant binding to the GPCR and
involves both second messengers (cCAMP) and ionic currents (Ca?*, Na‘)

Very strong adaptation to smells — one of the senses that is
strongly or fast adapting



3 distinct zones: odorant receptors or receptor subfamilies are expressed.
Green: F12, F23, 17 18, and J2; : F3 and F5; Blue: F6, J7, and J14.

Cell 74: 309-18




Responses of receptor neurons to selected odorants
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Organization of the mammalian olfactory bulb
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Transgenic mouse nasal cavity and brain showing olfactory epithelium (OE)
and olfactory bulb (OB) from a single olfactory receptor (OR) labeled
with lacZ and stained with X-gal

OB

lomerulus

ORs are widely distributed in the OE

Olfactory sensory neurons converge on a single glomerulus



Organization of the mammalian olfactory bulb
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ODORANTS
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ODOR sensation

Sweet, herbal, woody
Sweet, violet, woody

Sweet, rose, orange

Fresh, rose, oily floral

Rancid, sour, goat-like
Rancid, sour, sweaty

Rancid, sour, repulsive
waxy, cheese, nut-like

From Linda Buck’s
Nobel Prize Lecture



Axons of neurons of the same OR converge
In the olfactory bulb
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A). A single OR gene probe hybridized to sensory axons in 1
or 2 glomeruli on either side of the olfactory bulb

B). Different OR probes hybridized to different glomeruli and
those glomeruli had similar locations in six different bulbs.

ODOR CODING IN OLFACTORY EPITHELIUM AND BULB

OE: Inputs from different ORs are indicated by
different colors; dispersed ensemble of neurons

OB: Specific combination of glomeruli whose spatial
arrangement is similar among individuals. Partially
overlapping combinations of OR inputs generate
distinct odor perceptions

From Linda Buck’s Nobel Prize Lecture



Schematic diagram showing the organization of odorant receptor
inputs in the olfactory epithelium and olfactory bulb

THE OLFACTORY BULB A STEREOTYPED MAP OF OR INPUTS
IN THE OLFACTORY BULB
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Inputs from different ORs are segregated in different neurons and glomeruli in the OE and OB.

From Linda Buck’s Nobel Prize Lecture



A STEREOTYPED MAP OF OR INPUTS
IN OLFACTORY CORTEX

Piriform cortex

Anterior olfactory __Oilfactory tubercle Entorhinal cortex
nucleus e e

From Linda Buck’s Nobel Prize Lecture
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Schematic diagrams showing the organization of odorant receptor inputs in the
olfactory epithelium (OE), olfactory bulb (OB), and olfactory cortex (OC)
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Inputs from different ORs are segregated in different neurons and glomeruli in the OE and
OB. In contrast, it appears that different receptor inputs overlap extensively in the OC (A)
and that single cortical neurons receive signals from a combination of receptors (B)



The human taste system
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The human taste system
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Taste buds and taste papillae
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Taste buds and taste papillae

(B) Taste cells Synapse

Microvilli Basal cell
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Bitter cells do not directly contact
nerve — indirect through sweet and
amino acid cells

Gustatory
afferent
axons

50-100 receptor

cells in bud; renew
every 10 days or so
5-20 axons leave the
bud; integration must
be happening !!

Salty, acidic, sweet,
amino acid, bitter
ALL represented by
cells in the bud

Salty, acidic, sweet,
amino acid, bitter
ALL represented by
cells in the bud
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Taste receptors are both ion channels and GPCRs

(B) Acids (sour)

(A) Salt
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