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G protein alpha subunit gene odr-3 mediates olfactory

learning in C. elegans.
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The nematode C. elegans senses many attractive odorants in two pairs of head sensory
neurons AWA and AWC. Molecular mechanism of sensory transduction, adaptation and

asymmetrical development in AWC neurons has been intensively investigated.

The animal enhances chemotaxis to an AWC-sensed odorant butanone after
pre-exposure of butanone with food, which we call olfactory learning. Olfactory learning
draws attention because it shows some interesting properties: (1) olfsictory learning is
independent of serotonin or dopamine, which mediate food signals in other food-related
behavioral plasticity, (2) olfactory learning is normal in adaptation defective mutants,
and (3) the sensory cilium of AWCON cell, which expresses STR-2 in one of the two AWC
neurons, is important for olfactory learning. Although this behavioral plasticity showed
many interesting properties, this kind of plasticity was observed only dfter conditioning
with butanone and food. In addition, signal transduction pathway tliat mediates this

olfactory learning is almost unknown

To learn whether olfactory learning occurs in other odorants, I changed the parameters
in olfactory learning assay. For conditioning, I tested four AWC-sensed odorants:
butanone (Bu), isoamyl alcohol (Iaa), benzaldehyde (Bz), and 2,3-pentanedione (Pd) as
well as an AWA-sensed odorant diacetyl (Di). I also changed the amount of odorants in
conditioning. The initial amount of odorant used in conditioning was deétermined by that
in adaptation studies. I also tested the amount of conditioning odorant for 1/10 and

1/100 of the initial amount. In the selection assay,

When the animals were conditioned with food and butanone, olfactory learning was
observed for a wide range of conditioning and odorant concentrations

In contrast, conditioning by food with Di or Bz resulted in no change or decrease {ie.,
adaptation). Interestingly, Iaa causes olfactory learning under limited conditions.
Conditioning with Pd and food also enhanced chemotaxis to the odorant, although only
a few parameters were tested. These results clearly indicate that olfactory learning
occurs with odorants other than butanone and hence suggest that it may be important

for the survival of C. elegans in nature.

Then I carried out mutant analysis to investigate the molecular mechdnism of olfactory

learning. I chose ut311 from 8 candidates because it showed abnormality specifically in
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Bu olfactory learning and to belonged to new class of mutation.

I cloned the responsible gene of uz311. I revealed that éduse of learning
defective in w311 was due to the missense mutation in odr-3 gené. odr-3 encodes G
protein alpha subunit and is important for odorant signal transduction. Although odr3
null mutants showed strong defect, ut377 showed normal responses to AWC-sensed
odorants.

To learn whether odr-3(ut311) is functional in other sensory heurons, I tested
the response to the AWA-sensed Di and the osmotic avoidance behévior mediated by
ASH neurons, which were also known to be mediated by odr-3. ut31i showed virtually
normal response to Di at high concentrations, but weaker responses at a low
concentration (10™ dilution). Surprisingly, ut311 exhibited a strong defect in osmotic
avoidance, which was comparable to one of the null mutants odr-3G:2150). These results
suggest that ODR-3(u£311) does not function or functions only very weakly in ASH
neurons.

To learn more informafion about the molecular mechanism, I tested the
phenotype of Bu learning in mutants in downstream of odr-3 and serisory adaptation. In
summary, I could not find genes that participate in Bu learning amorig those involved in

downstream of odr-3 and sensory adaptation.

Then I tested upstream gene of G protein signaling. I tested RGS (Regulator of
G protein Signaling), GRK(G protein coupled receptor kinase) and &rrestin mutants,
where RGS is thought to interact with G protein alpha subunits, GRK interact with
both G alpha and GPCRs and arrestin interact GPCRs.

I tested grk-1(0k1239), grk-2(rt97), grk-2(gk268), arr-1(ok401), and rgs-3(vs19)
mutants. grk-1, arr-1 and rgs-3 mutants exhibited normal Bu leartiihg. On the other
hand, the grk-2(rt97 mutant, which has a missense mutation in the kinase domain,
showed abnormality in Bu learning. Another mutant (grk-2(gk268), which has a
deletion mutation, showed slight enhancement after conditioning, but‘ the change was
very small. These data indicate that Bu learning was mediated by gr&-2

In this study, I revealed some aspects of olfactory learning in C. elegans. 1
showed that some of AWC-sensed odorants cause olfactory learning; suggesting that
olfactory learning is important for C. elegans food seeking. Then, I showed odr-8 and
grk-2 pathway is involved in olfactory learning. This is the first example of the G
protein signal transduction that involves olfactory learning including ihtegration of two

sensory signals.
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