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How can he do it?
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One olfactory neuron – one receptor rule
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The olfactory signaling pathway
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monophosphate (cAMP).  Finally, this increase in cAMP opens cyclic nucleotide 

gated cation (CNG) channels, causing depolarization of the neuron (Fig. 1-3) 

(Firestein, 2001; Mombaerts, 1999, 2004a).  

 

Figure 1-3: Olfactory signal cascade.  When an odor molecule binds to an OR, the GTP 

bound form Gaolf subunit stimulates adenylyl cyclase III (ACIII) to convert ATP into cAMP.  

This increase in cAMP opens cyclic nucleotide-gated (CNG) cation channels, causing 

depolarization of the OSN and transmission of the signal to the olfactory bulb.  

 

1.3 Odorant receptors and their ligands 

 The combinatorial code 

If, on average, there are 1000 ORs encoded in the mammalian genome 

and 10,000-100,000 chemically diverse odors in the environment, how is it that 

the olfactory system can detect and discriminate these odors? The answer is the 

olfactory system functions using a combinatorial strategy. This means that a 

single type of odor molecule is recognized by multiple ORs and a single OR can 

be activated by multiple odors (Fig. 1-4) (Firestein, 2001; B Malnic, et al., 1999; 

Mombaerts, 2004a).   
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Number of ORs

Human    396

Mouse   1130

Rat        1207

Dog         811

The human G-protein coupled receptors and the ORs



A combinatorial odor coding

(Malnic et al. 1999)

1. How many and which ORs are activated by a given odor?

2. How does each OR contribute odor perception?



Functional expression of ORs in heterologuos cells:

Importance of Receptor-Transporting Proteins (RTPs)
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OR functional variation affects odor perception in humans



Individual OR genes and odor perception



Each individual has a unique set of 

functional OR repertoire

functionally 
same as 
reference

functionally 
different
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