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_ Olfaction mediates a variety of animal behaviors such as antipredetor avoidance behaviors, courtship
behaviors, detection of food corruption and food searching behaviors, all of which are essential for
survival of animals. The olfactory system processes chemical information in two separate channels, each
of which deals with 1) infochemicals released by conspecifics that evoke stereotyped forms of behavior,
such as female sex-pheromone that evokes specific orientation behavior in males or 2) environmental
odorants, the value of which may be changed through experiences, such as odorants of nectar-providing
flower species, which are learned by ncctar-foraging insects such as honeybees. For a better
understanding of olfaction, the commonalities and differences of neural mechanisms by which these two
biologically distinct forms of olfactory information are processed need to be clarified.

To address this question, social insects are thought to be one of the best model species due to their
sophisticated social organizations based on pheromone communication, their efficient foraging behaviors
guided by olfaction, relatively simpler brain architectures, and relatively small number of neurons
forming the brain, many of which are individually identifiable. Thus, in this thesis, [ describe neural
mechanisms underlying pheromonal and non-pheromone environmental odor processing in the brain of
social insects.

In chapters 1, Il and 111, I describe alarm pheromonc processing in the brain of the ant Camponotus
obscuripes based on results of intracellular recording and cell staining. In chapter L. it is shown that two
alarm pheromone components in C. ebscuripes, formic acid and n-undecane (Fujiwara-Tsujii et al., 2006),
are processed in a specific cluster of glomeruli in the antennal lobe, which is the primary olfactory center
of insects. In chapter II, a general schema of alarm pheromone processing in the brain of C. obscuripes is
presented. | propose the presence of two parallel pathways to process alarm pheromone: one is intervened
by the lateral horn and the other is intervened by the mushroom body, both of which are known to be
higher olfactory centers. Since many of the mushroom body extrinsic neurons responded to alarm
pheromones and other environmental odors and some of them even responded to other modalities of
stimuli, pheromone information is integrated with information of other modalities in order to achieve
pheromone-triggered, context-dependent behaviors relying on multisensory inputs, such as aggressive
behaviors towards enemies, in the second pathway. In chapter 111, I deal with the first pathway. I report
that terminal boutons of alarm pheromone-sensitive projection neurons which have dendrites in one of the

specialized glomeruli in the antennal lobe mainly occupy a small compartment in the lateral horn, while
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those of pheromone-insensitive neurons are rarely seen in that compartment. Since a class of
pheromone-sensitive output neurons from the lateral horn also had dendrites in this region, I propose that
the compartment is specialized for alarm pheromone processing. Moreover, most of the
phcromone-sensitive neurons were originated from one of the alarm pheromone-specific glomeruli in the
antennal lobe, while pheromone-insensitive neurons were not. Processing channels from these glomeruli
to the lateral horn region where pheromone-sensitive neurons converge are thought to play a major role in
alarm pheromone processing in the ant brain.

In chapter 1V, 1 present results obtained by using calcium imaging technique that reveal coding
properties of olfactory responses at the terminal boutons of two classes of projection neurons, I-ACT and
m-ACT neurons, in the calyx of the mushroom body of honeybees. | found that m-ACT boutons exhibited
clear concentration dependency and greater response at a higher concentration, while I-ACT boutons
exhibited odor-specific, complex concentration-dependencies with substantial inhibitions at a higher
concentration. This difference is also reflected by the difference in odor mixture effects, i.e.. I-ACT
boutons tended to be inhibited when two odors were mixed, while m-ACT boutons tended to increase or
showed no change in response. Since I-ACT boutons also tended to respond at lower concentrations,
conclude that the physiologically effective concentration range is broader and is shified toward a lower
concentration range in I-ACT boutons compared to m-ACT boutons. Moreover, I show individual bouton
activities in axon branches revealed by combinatorial use of calcium imaging and 3D reconstruction of
terminal branching patterns acquired by confocal microscopy.

Results of these studies will contribute to a further understanding of pheromonal and non-pheromonal

odor processing in the brains of social insects.
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