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Animals communicate with their conspecifics using pheromones, signals

mediating social and sexual behaviors. However, we still know little about the neural and behavioral

impact of pheromones naturally presented by animals. To address this issue, we used fruit fly
Drosophila melanogaster and studied the communication mediated by pheromones contained in olfactory
landmarks that are deposited naturally by individual animals. We developed a bioluminescence-based
system where the activity of specific neurons in the brain can be recorded from freely behaving
Drosophila melanogaster over a large area. We then conducted a gas chromatography/mass spectrometry
analysis to quantify the amount of cuticular hydrocarbons contained in olfactory landmarks, and
found that the content carries information about the identity of both sex and age of the landmark
depositor. Finally, we found that the interacting flies can extract the information about the age
from these landmarks.



Animals communicate with their conspecifics using pheromones, signals mediating social and
sexual behaviors. These chemicals act as profound modulators of the animal’s internal state and
motivation eliciting arousal, sexual behaviorsand aggression. The effect of pheromonesis heavily
studied in neuroscience and ethology by assessing how the behavior of animalsis influenced by
the application of a given chemical presented at an arbitrary concentration. However, we still
know little about the neural basis of behavioral modulation triggered by pheromones naturally
presented by the animals. To address thisissue, we would ideally like to record neural activity of
aminergic neurons (including dopaminergic, octopaminergic, and serotonergic neurons) that
reflect theinternal state and motivation whilethe animal isfreely sampling pheromones deposited
by conspecifics.

Typical neura recording techniques suffer from limitations when applied to freely interacting
animals. Multi-el ectrode arrays can be mounted only to organisms capable of carrying the devices
and it is often difficult to target specific neurons. Functional imaging can monitor the activity of
specific types of neurons when combined with genetics, but it usually restricts the experiment to
restrained animals. Recently, using a bioluminescence probe, we succeeded in recording the
activity of specific types of neuronsin freely interacting Drosophila melanogaster, opening away
to examine the dynamics of aminergic neurons in an environment decorated with pheromones
that are naturally deposited by animals.

Here, we aim to examine theimpact of pheromones on neura activity and behavior. Wewill study
this using fruit fly Drosophila melanogaster and focus on the communication mediated by
pheromones contained in olfactory landmarks that are deposited naturally by individual animals.
Wewill characterize the chemical content of landmarks using chromatography/mass spectrometry
analysis. Furthermore, we aim to characterize the context-dependent effects of olfactory
landmarks on neural activity and behavior as the content of fecal materials deposited by the flies
is reported to change depending on the age and social environment.

(1) Development of a multi-channel recording system

A genetically-encoded bioluminescence calcium indicator will be used to probe the activity of a
small number of specific aminergic neurons. We will develop a system comprising an array of
photo multiplier tubes (PMTs) to simultaneously record the neural activity and the location of a
fly freely navigating in alarge area.

(2) Examination of the content of olfactory landmarks naturally deposited by the animals

We will perform a gas chromatography/mass spectrometry (GC/MS) analysis to quantify the
amount of cuticular hydrocarbons contained in olfactory landmarks naturally deposited by male
flies.

(3) Characterization of context-dependent, behavioral effects of olfactory landmarks




It has been reported that males produce different amount of pheromones depending on the age
and socia context. We will therefore test the hypothesis that olfactory landmarks exert context-
dependent effects on aminergic neural activity and behavior.

(1) Development of amulti-channel recording system

We devel oped a bioluminescence-based system where the activity of specific neuronsin the brain
can be recorded from freely behaving Drosophila melanogaster over a large area. The system
comprisesan array of photomultiplier tubesthat function independently of each other. Thisallows
us to expand the size of the recording arena as well as to estimate the position of the luminescent
fly without using a camera by calculating the centroid of bioluminescence signal.

As we faced difficultiesin using the currently available bioluminescence probe to measure the
activity of small number of aminergic neurons deep in the brain, in the meantime, we devel oped
aprotocol to image the activity of all the dopamine neuronsin the secondary olfactory processing
center, using a two-photon microscope, while continuing to develop the bioluminescence
recording method.

(2) Examination of the content of olfactory landmarks naturally deposited by the animals

We conducted a gas chromatography/mass spectrometry (GC/M S) analysisto quantify the amount
of cuticular hydrocarbons contained in olfactory landmarks naturally deposited by male flies. By
optimizing the sampl e collection procedure and the parametersfor GC/M S anaysis, we were able
to detect multiple major cuticular hydrocarbons in single olfactory landmarks. Using a
classification approach, we found that information about the identity of both sex and age of the
landmark depositor can be decoded from the content of landmarks.

(3) Characterization of context-dependent, behavioral effects of olfactory landmarks

As we found that the landmarks deposited by flies of different sex and age contained different
amount of cuticular hydrocarbons, we examined if the flies can read out these differences and
behave accordingly. To this end, we prepared landmarks deposited by males of different ages and
measured the time the mal e testers spend time close to these landmarks. As aresult, we found that
the tester flies spend different amount of time depending on the age of the depositors, indicating
that flies can extract the information about the age from landmarks.
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