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BISP 194: Neurobiology of the Chemical Senses 
Prof. Jing W. Wang 

WI11, Wed 2:00-3:30 pm, Bonner Hall 2130 
Office Hour: Fri 4:00-5:00 pm, Bonner Hall 2218 

Phone: 858-534-5597 
e-mail: jw800@ucsd.edu 

1. 1/5 Introduction 
Course description 
Overview of recent advances in neurobiology of the chemical senses 

2. 1/12 Odor map.  
Background: The concept that spatial patterns of neural activity encode odor quality was 
first proposed by Adrian in 1950 (Adrian, 1950, Brit. Med. Bull., 6, 330-333). Since then, 
many imaging tools have been used to visualize the odor map in the mammalian olfactory 
bulb or the equivalent structure in invertebrates. 
Research article: Rubin and Katz, 1999, Neuron, 23, 499-511. 
Review article: Xu et al., 2000, J. Comp. Neurol., 422, 489-495. 

3. 1/19 Cloning of the mammalian odorant receptor gene family. 
Background:  Several findings pave the path for Buck and Axel to make the bold 
hypothesis that odorant receptors are encoded by a family of G-protein coupled receptor 
genes. Jones and Reed, Science, 1989, 244, 790-795; Nakamura and Gold, Nature, 1987, 
325, 442-444; Pace et al., 1985, 316, 255-258. 
Research article: Buck and Axel, 1991, Cell, 65, 175-187. 
Review article: Julius and Katz, 2004, Cell, 119,747-752. 

4. 1/26 Molecular mechanism for the odor map. 
Background:  Previous physiological experiments establish the notion that the odor map 
encodes the quality of an odor in the olfactory bulb. A given odor excites multiple 
glomeruli and each glomerulus responds to multiple odorants. However, physiological 
experiments cannot determine whether odorant receptor neurons expressing the same 
gene project their axons to single glomerulus or multiple glomeruli. Two papers provide 
an answer to this question (Vassar et al., 1994, Cell, 79, 981-991; Ressler et al., 1994, 79, 
1245-1255). The paper by Mombaerts et al brings unprecedented resolution. 
Research article: Mombaerts et al., 1996, Cell,. 87, 675-686. 
Review article: Firestein, 2001, Nature, 413, 211-218. 

5. 2/2 Olfactory system in Drosophila.  
Background: Most organisms have evolved olfactory mechanisms for locating foods, 
mates and predators. The discovery of an odor map in Drosophila suggests that odor map 
is a conservative mechanism. Several landmark papers provide support for this concept 
(Clyne et al., Neuron, 22, 327-338; Wong et al., Cell, 109,229-241; Marin et al., Cell, 109, 
243-255; Wang et al., Cell, 112, 271-282).    
Research article: Vosshall et al., 2000, Cell, 102, 147-159. 
Review article: Bargmann, 2006, Nature, 444, 295-301. 

6. 2/9 Olfactory behaviors. 
Background: Genetic tools in make it easier to test in Drosophila whether the odor map is 
relevant to olfactory behaviors. Experiments increasingly point to an emerging theme that 
innate behaviors are controlled by hard-wired neural circuits whereas learned behaviors 
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require a flexible system. Stockinger et al., 2005, Cell, 121, 795-807. 
Research article: Suh et al., 2004, Nature, 431, 854-859. 
Review article: Bargmann, 2006, Nature, 444, 295-301. 

7. 2/16 Theory I: spatial code.  
Background: Different odors elicit different, but often overlapping, glomerular patterns. 
The spatial coding hypothesis states that these glomerular patterns are important for odor 
detection and discrimination. Rubin and Katz, 1999, Neuron, 23, 499-511. 
Research article: Malnic et al., 1999, Cell, 96, 713-723. 
Review article: Axel, 1995, Scientific American, October, 154-159; Xu et al., 2000. Odor 
maps in the olfactory bulb. J. Comp. Neurol. 

8. 2/23 Theory II: temporal code. 
Background: Different odors elicit different temporal sequence of spike activity in the 
same cell. The temporal hypothesis argues that the temporal sequence of neural activity is 
informational and required for fine odor discrimination. Stopfer et al., 1997, Nature, 390, 
70-74. 
Research article: Laurent et al., 1996, J. Neurosci., 16, 3837-3847. 
Review article: Laurent, 1999. Science, 286, 723-728. 

9. 3/2 Mammalian sweet taste receptors. 
Background: Sweetness is NOT a physical property of sugar, instead it is a perception 
generated by our nervous system. Charles Zuker, Nicholas Ryba and colleagues 
discovered that the mammalian sweet taste is mediated by the heteromeric receptor 
T1R2+T1R3. 
Research article: Nelson et al., 2001, Cell, 106:381-390. 
Review article: Chandrashekar et al., 2006, Nature, 444:288-294. 

10. 3/9 Coding of sweet, bitter and umami tastes. 
Background: There are two opposing views of how taste qualities are encoded in the 
periphery. In one model, taste receptor cells are tuned to respond to single taste 
modality−sweet, bitter, sour, salty or umami. In another model, individual receptor cells 
are tuned to respond to multiple modalities. The paper by Zhang and colleagues used 
elegant and rigorous tests to discriminate between the two opposing models. 
Research article: Zhang et al., 2003, Cell, 112:293-301. 
Review article: Chandrashekar et al., 2006, Nature, 444:288-294. 

  
Note: Articles in bold face are required readings before coming to class. Review articles 
usually provide background information, which you can read to gain a better 
understanding of the research articles. 
 


