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Composite Olfactory Receptor Activity

1 2 3 4 5 6 7 8 9 10

Olfactory Recptor

1A1 45.46
7G3 84.82
8K3 81.06
1J2 80.91
3A1 80.87
2AE1 57.78
5F1 54.61
4C6 43.94
7A10 43.44
10R2 41.64
1A2 41.03
2V2 40.08
2V1 39.07
7D4 57.16
52D1 55.20 61.82
2L5 52.15 70.57 33.08
1D2 83.56 59.20 86.16 39.62
7A2 (P) 58.79 41.39 79.39 34.53
1G1 79.34 66.91 76.95 84.73 70.54
2L13 30.68 94.69 82.78 72.45 82.01 48.92 38.93
2W1 58.02 85.72 58.19 63.53 47.03 46.44 35.96

B = Specific Receptors
i = General Receptors
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Methods and Background 
 
 
Olfactory receptor activity for each formulation was calculated using a database1 developed by the 
Molecular Design Laboratory at Shanghai Jiaotong University. The database uses machine learning to 
statistically predict the OR activity of molecules, based on their molecular features.  
 
Each molecule is assigned a probability of activation by the database for each of the known and studied 
human olfactory receptors, returning all results with a 50% or greater score2 To calculate the OR activity 
during the design process and in the finished formulations, the following method was used:  
 

1) The OR activity for each of the individual component molecules of the formulation was 
calculated.  

2) The average OR activity for the overall mixture was then determined by adding together all the 
results and dividing by the number of component molecules in the mixture.  

 
Because the molecules in a formulation all share common substructures, there was a large degree of 
overlap in the patterns of activation of the component molecules. However, there were also differences 
between the molecules, and for ORs where activity was weak or only present in a small proportion of 
molecules within the formulation, this activity was statistically diluted. The result is that strongly 
activated or strongly shared ORs between the component molecules reinforced each other, while the weak 
or weakly shared activity was averaged out. A 30% or greater average OR activity was chosen as the 
threshold for the receptor to be included in the finished data table.  
 
Like nearly all olfactory phenomena this effect is heavily dependent on odor threshold and concentration. 
(At very high concentrations of a formulation, even the more weakly-activated ORs will tend to become 
activated during the process of smelling.) Because there are numerous olfactory receptor cells of each 
type in the human nose and the reactions between receptor and molecule in three-dimensional space are 
complex, the probability function of the database can theoretically serve as a proxy for the overall level of 
activation of the receptors in the nose’s olfactory epithelium (the portion of the nose where ORs are 
present).  
 
Olfactory reception is combinatorial, with multiple receptors typically responding to a single molecule 
type, and with multiple molecular structures having odor activity on a single receptor type. Some 
olfactory receptors tend to be more specialized or selective in the molecules that they respond to, while 
others are more generally responsive to molecules of many types3. In determining the OR activity of the 
formulations, ORs were divided into two classes based on their selectivity. ORs: 1D2, 1G1, 2L13, 2W1, 
2L54, and putative OR 7A2 were categorized as general receptors while the remaining ORs were 
categorized as specific or specialized receptors. The formulation design process as well as the resulting 
OR names correspond to the specialized receptors that are activated by each formulation.  

                                                        
1  ODORactor: a web server for deciphering olfactory coding. 
    Liu X, Su X, Wang F, Huang Z, Wang Q, Li Z, Zhang R, Wu L, Pan Y, Chen Y, Zhuang H, Chen G, Shi T, Zhang J*. 
    Bioinformatics, 2011, 27: 2302-2303. 
 
2  “with 0% indicating maximum confidence for noninteraction and 100% indicating maximum confidence for interaction between odorant and 
OR”  
 
3 This distinction could be seen as similar to the difference between cone cells and rod cells in the eye where rod cells perceive light generally, 
while cone cells respond to the particular color/wavelength of light. 
 
4 In the case of formulation 9, OR2L5 was counted as a specific receptor. (Statistically 2L5 is the most specialized of the general receptor 
category in this project.) 


