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 Motile cilia are organelles that contain amazing molecular machines that bend 
each cilium in a rhythmic and coordinated movement. Th is allows a liquid fi lm, 
perhaps with particles embedded within, to move in a specifi c direction. Th e classic 
example is the cilia of the respiratory passages that move a layer of debris-carrying 
mucus out of the lungs. When this mechanism is not working properly, recurrent 
pulmonary infections result. Th e classic example of this is immotile cilia syndrome 
that results in chronic bronchitis and related problems. However, no sensory 
function has been assigned to these classic motile cilia until now (although nodal 
cilia have both mechanical activity and sensory functions). Alok Shah, Yehuda 
Ben-Shahar, Th omas Moninger, Joel Kline, and Michael Welsh have demonstrated 
sensory receptors on motile cilia for the fi rst time [2].
 Shah, Ben-Shahar et al. hypothesized that a defense of airways would 
involve detection of danger signals. Therefore they looked for sensory-related 
genes in microarray expression data from primary cultures of differentiated 
human airway epithelia. Molecular tests demonstrated the presence of several 
members of the bitter taste receptor (referred to as T2R) family in these 
epithelial cells. However, these tests could not indicate where in the cells T2R 
genes were expressed. 
 Antibodies are available for several of the T2Rs and Shah, Ben-Shahar et al. 
used these for immuno-histochemical studies on human airway epithelia because 
the antibodies could be tagged with fl uorescent markers and then specifi cally 
bound to T2R receptors. Th ey found that only ciliated epithelial cells expressed 
these receptors, and these receptors 
specifi cally localized in cilia. Cilia 
could be defi nitively identifi ed using 
an antibody to α-tubulin, which is 
found in the microtubules character-
istic of cilia. Using fl uorescent tags that 
emitted diff erent colors demonstrated 
the co-localization of T2R receptors and 
cilia, and yet a diff erent colored tag for 
nuclei emphasized that T2R was not in 
the interior of the cell (Figure 1). Almost 
every ciliated cell expressed 4 of the 
T2Rs tested, but interestingly the distri-
bution was heterogeneous. Th is was not 
only true from cell to cell (where some 
cells were labeled for more than one T2R) but also at diff erent locations along an 
individual cilium (some at the tip, some at the base).
 Th ese studies proved the anatomic location of T2R receptors on motile cilia. 
But what about the functional signifi cance of these receptors? Th e T2R signal 
transduction pathway is comprised of several proteins, ultimately aff ecting the 
second messenger: the intracellular calcium ion concentration. Some of the proteins 
of the signal transduction pathway were detected in airway epithelia, and immuno-
histochemistry demonstrated that they were only present within ciliated cells. To 
demonstrate that the T2R signaling pathway was functional, Shah, Ben-Shahar et 
al. applied denatonium, said to be the most bitter compound known to man (used 
to discourage ingestion of common toxic products such as antifreeze), to human 
airway epithelia. Th ey found transient, dose-dependent increases in intracellular 
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Figure 1: TR2 receptors (green) localize to motile 
cilia that are identifi ed by tagging a form of tubulin 
(green). Nuclei are stained blue.
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calcium ion concentrations. This was also true when other 
bitter compounds, including nicotine, were applied.
	 When intracellular calcium ion concentrations are 
increased in one epithelial cell, the effect can rapidly spread 
through gap junctions to adjacent cells. To test if the ion 
increase was initiated in ciliated cells, Shah, Ben-Shahar et 
al. applied bitter compounds directly to the cilia. Calcium ion 
concentration increased in ciliated cells before being detected 
in non-ciliated cells, consistent with their finding that the 
only ciliated cells bear receptors for bitter compounds. Also, 
the application of bitter compounds was shown to increase 
ciliary beat frequency by about 25 percent.
	 These breakthrough findings suggest that control of 
ciliary activity could at least in part be a local response. 
Not only could cilia respond to the inhalation of certain 
compounds, but Shah, Ben-Shahar et al. also suggested 
that some pathogens could produce compounds that could 
hasten the expulsion of the pathogen. This is an entirely new 
concept that could lead to improved treatments for numerous 
pulmonary diseases!
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