BOX 23.3

SENSING THOUSANDS OF CHEMICALS WITH A HANDFUL OF NEURONS

The nemode worm Caenorhabditis elegans lives in the soil, lacks a visual system, and relies largely on chemical detection to survive in the environment. This small animal has only 302 neurons, but displays complex olfactory behaviors, making it a model system to study chemosensory processing. Thirty-two sensory neurons mediate chemical detection and contain members of a large chemoreceptor gene family. These receptors are G-protein-coupled receptors, but are not related to mammalian olfactory receptors. There are approximately 1,500 chemoreceptor genes in C. elegans, comprising 7% of all its genes. Thus, of all animals whose genomes have been sequenced, C. elegans dedicates the most genes, and the highest fraction of its genes, to chemical sensing. 

Many receptors are found in the same chemosensory cell, as might be expected given the large number of receptors and the small number of sensory cells. This organization differs from the olfactory systems of mammals and flies but resembles mammalian and fly gustatory systems. Parceling many receptors into a single cell allows these animals to detect many chemical compounds despite the limited number of chemosensory neurons. 

C. elegans shows sophisticated behavioral responses to chemical cues, including attraction and avoidance of different volatiles cues, adaptation to specific odors, as well as learned associations. For example, worms can learn to avoid pathogenic bacteria based on their smell after one exposure to the bacteria (Zhang et al., 2005). This is similar to conditioned taste aversion in mammals where one encounter with a nausea-producing food leads to aversion to the smell and taste of the food.
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