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Extracellular Pump
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Input Cell Output
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A large family of odorant receptors

Richard Axel and Linda Buck published their fundamental paper
in 1991, in which they described the genes coding for a large
family of odorant receptors.

The odorant receptors are located an the olfactory receptor cells
in the nasal cavity. Each olfactary receptor cell expresses only
“ one type of odorant receptor, and each receptor can detect a

i
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Odorant
receptor

limited number of odorant substances.
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The olfactory receptor

Each receptor congiztz of a protein chain that traverzes the cell
membrane =even times.
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When an odorant substance attaches to an olfactory receptor, the =hape
of the receptor protein iz attered, leading to a G protein activation.

An electric gignal iz triggered in the olfactory receptor neuron and =ent to
the brain via nerve processes.

Small variations

All odorant receptors are related proteins and differ only in 2ome amino
acid rezidues (indicated in green, blue and red).

The zubtle differences in the protein chaing explain why the receptors

residue are triggered by different cdorant molecules.




Combinatorial receptor codes

The odorant receptor family is used in a combinatorial manner ta
detect cdorants and encode their unique identities. Different
adarants are detected by different combinations of receptors and
thus have different receptor codes. These codes are translated by
the brain into diverse odour perceptions.

The immense number of potential receptor combinations is the

kasis for our ability to distinguish and form memories of more than
10,000 different odarants.
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' Odorant

receptors 2 3 4 5 6 7 8 9 101112 13 14

Odorants Description

2

A M"l‘-oH O rancid, sour, goat-like
B A 0 o sweaet, herbal, woody
| C "’“‘”\'E‘OH o | o O o 00 rancid, sour, sweaty
D ~rron O o violet, sweet, woody
E Mf\j‘.oH O o O O o o o O rancid, sour, repulsive
F~~reon o O O o sweet, orange, rose
G W"“’?‘-OH 0 o O O o o O o waxy, cheese, nut-like
HMWVHC.H o O O o O frash, rose, oily floral

MEIEHFIE:\ .l?lFI'EH IJh.I:IA BLICE AND l'_DLLEWELlES-IN CELL WOL %, MARCH =, 1555




Species differences

The area of the olfactary epithelium (red) in dogs is some forty
times larger than in humans. Mice — the species Axel and Buck
studied — have about one thousand different odorant receptor
types.

Humans have a smaller number than mice; some of the genes

have been lost during evalution. There are several millions of
alfactory receptar cells in our olfactory epithelium.

Cross section of nasal cavities

Dog Maouse Human
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Fiber Myelination Diameter (um) Conduction velocity (m/s)  Soma size (um)
(cross-section)
AR myelinated >5 > 20  38(32-43)
Ad thinly myelinated 1-5 <20 30 (18-38)

C unmyelinated 0.3-1.5 <2 23 (20-28)
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Mechanoreceptors in the skin

B2 8 D2 2%

Layers of Meissner Corpuscle

Connective
~ Tissue

Ruffini Ending

Pacinian Corpuscle  Hair Receptor



Coronal 540N

-q.-}
Horizontal 7K¥
»
/[k. Sagittal KKFTMD
Median IEH®

Medial PRI (7ELyE<) D
Lateral #MEI(AANNEL D



Somatosensory cortex
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