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Drosophila melanogaster is a well-established model organism to study molecular and physiological
mechanisms in learning and memory by using olfactory aversive conditioning. Suppressing dopamine
(DA) nergic neurons output by using genetic tools caused reduced learning ability, suggesting that DA
release is essential for learning in Drosophil/a. We have found that mild fasting (less than 16 hr)
enhanced not only long-term memory (Hirano et.al. 2013), but also olfactory aversive learning
Furthermore, we found that learning enhancement requires DA signaling since genetic ablation of DA
receptors suppressed learning enhancement by fasting. Therefore, we hypothesized that varied DA release
by fasting results in learning enhancement. To test this hypothesis, we developed an imaging system
similar to olfactory learning that can monitor and quantitate DA release using dissected fly brain.
In this system, we applied simultaneous electrical stimulation of the olfactory center and the neural
fibers, which convey the unconditional stimulus information to the memory center. Then, we monitored
exocytosis in DA neurons, which expresses synapto—pHluorin, a genetically encoded optical indicator
of vesicle release and recycling. Strikingly, dissected brain from fasted flies showed facilitated
exocytosis in DA neurons compared with that fromnormal feeding flies. These results suggest that fasting
dependent DA release enhancement would cause olfactory learning acceleration.




