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Schematic of an olfactory sensillum and a generalized biochemical pathway of 
insect odor reception. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

From: Vogt RG (2004) Molecular basis of pheromone detection in insects. In Comprehensive Insect Physiology, Biochemistry, 
Pharmacology and Molecular Biology. (eds. LI Gilbert, K Iatro, S Gill). Elsevier, London. In Press.



Insect Odor Detection Figure Description 
A. Anatomy. An olfactory sensillum includes 2-3 neurons surrounded by 3 support cells; olfactory 
dendrites/cilia project up the fluid filled lumen of a cuticular hair. The sensillum lumen is isolated from 
hemolymph by a cellular barrier.  Figure is modified from Steinbrecht (1969).  Olfactory sensilla come in a 
range of shapes, including plate-like and long and short hair-like structures, and olfactory neurons may have 
branched or unbranched dendrites; sensilla classes are in part defined by the shape of the cuticular hair and the 
branched nature of the neurons (see Steinbrecht 1997, 1999).  There is little data on the functional differences 
between different sensilla classes of a given individual, although in Lepidoptera, attractant sex pheromones are 
detected by the long trichoid sensilla, illustrated here.   

B. Perireceptor Events. Hydrophobic odor molecules enter the aqueous sensillum lumen via pores penetrating 
the cuticular hair wall.  Hydrophilic OBPs are proposed to bind and transport odors to receptor proteins located 
in the neuronal membranes.  ODEs (pathway I) in the sensellum lumen are proposed to degrade these odor 
molecules.  Cytoplasm of support cells contains xenobiotic inactivating enzymes (pathway IIa), such as 
glutathione-S-transferase (GST), which may also serve to inactivate odor molecules (pathway IIb).  Interactions 
between OBPs and ORs and the function of SNMP are unclear.  Figure is modified from Rogers et al. (1999).  

C. Transduction Events.  Odor-OR interaction stimulates an IP3 second messenger cascade in which the 
alpha-subunit of a G-protein activates Phospholipase C (PLC) to cleave the membrane lipid phosphotidyl 
inositol 4,5-bisphosphate (PIP2) to diacyl glycerol (DAG) and inositol trisphosphate (IP3).  IP3 is thought to 
bind directly to and activate transmembrane cation channels (IP3 receptors) (reviewed by Krieger and Breer, 
2003).  Processes such as those mediated by phosphorylation (e.g. Schleicher et al., 1994) or arrestins (e.g. 
Merrill et al., 2002) may provide modulatory feedback on receptor-G-protein interactions.  "?" pointing to Gβγ, 
PIP2 and DAG are to imply yet uncharacterized but possible modulatory roles for these signals. 

 

Also, from text of review... Gβγ, DAG and Arrestins... 

Two loose ends depicted in pannel C (above) are the βγ subunits of the G-protein (Gβγ) complex and 
DAG.  "Gβγ is now known to directly regulate as many different protein targets as the Gα subunit" (Clapham 
and Neer, 1997).  In vertebrates, Gβγ has been shown to activate G-protein coupled inwardly rectifying K+ 
channels (GIRKs) (e.g. Salvador et al., 2003) (GIRKs are K+ channels that regulate the membrane resting 
potential). Gβγ has been shown to activate RGS proteins (regulators of G-protein signaling) which in turn 
activate GAP protein (GTPase activating protein) which regulates the GTPase activity in the Gα subunit 
(turning off Gα activity) (e.g. Witherow and Slepak, 2003).  Gβγ has been shown to regulate G-protein coupled 
receptor kinases (GRKs) which phosphorylate and down regulate G-protein coupled receptors (e.g. Inglese et al., 
1992; Pitcher et al., 1998; Eichmann et al., 2003).  Gβγ has been shown to regulate the activities of certain PLC 
enzymes and the subsequent production of IP3 (e.g. Akgoz et al., 2002).  In vertebrate chemoreception, Gβγ has 
been shown to regulate PLC activity in mammalian vomeronasal neurons (Runnenburger et al., 2002) and in 
bitter taste neurons (Rossler et al., 2000a).  Active Gβγ signaling in insect olfaction has yet to be reported. 

Arrestins are proteins which bind to the phosphorylated state of a GPCR, and can mediate the 
uncoupling of GPCRs from G-proteins (desensitization) (Inglese et al., 1993; Pippig  et al., 1993; Freedman et 
al., 1996) as well as the internalization of GPCRs (with presumed subsequent dephosphorylation in microsomes 
with subsequent recycling of the receptor, i.e. resensitization) (Ferguson et al., 1996).  In an IP3 mediated 
pathway, GPCR phosphorylation may be mediated by GRKs, which may be mediated by Gβγ (see above) .  
Arrestins have been identified in insect antennae and shown to be critical in the olfactory transduction process 
in Drosophila and the mosquito Anopheles gambiae (Merrill et al., 2002). In this study, an arrestin was cloned 
from A. gambiae, and was shown to express in both olfactory and visual sensory neurons.  Of three Drosophila 
arrestins, DmArr1 and DmArr2 were shown to express in both visual and olfactory tissue while DmKrz was 
non-visual but also expressed in olfactory tissue.  A double mutant (arr12;arr23) showed reduced EAG 
(electroantennogram) response to butanol and ethyl acetate, suggesting that arrestins play a key role in olfactory 
transduction in these animals (Merrill et al., 2002). 
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