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Synaptic Activity of Reward-System Dopaminergic Neurons
Shapes Decision-Making Processes in Memory Centers
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Dopamine neurons play essential roles in reward learning and motivational control, yet their contribution to
memory-guided decision-making remains unclear. Using a Drosophila olfactory appetitive learning paradigm, this study
examined how reward-related dopaminergic neurons regulate odor representations in the mushroom body, the memory
center of the fly brain. We focused on Kenyon cell presynaptic activity during responses to the rewarded odor (CS+), the
unrewarded odor (CS—), and their mixture, which mimics a competitive choice situation. After paired odor—reward
learning, Kenyon cell responses to the CS+ were reduced, whereas responses to the odor mixture showed an intermediate
magnitude between the CS+ and CS— responses. Spatial pattern analysis further revealed that, after learning, mixture-
evoked activity became more correlated with the component odor representations than in unpaired controls. These results
suggest that the mixture is represented based on learned odor components in the mushroom body. We further found that
knockdown of the nicotinic acetylcholine receptor subunit Dal in PAM dopaminergic neurons reduced the initial
component of mixture responses and enhanced off-responses in Kenyon cells. These findings indicate that Dal-dependent
odor responses in reward neurons regulate the strength and temporal structure of mixture representations, thereby

supporting memory-guided odor choice behavior.
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Fig. 1. Learning-dependent odor responses in
Kenyon cell presynaptic terminals.

(A) Experimental design for calcium imaging of
Kenyon cell presynaptic responses to CS+, CS—, and
their mixture after olfactory reward learning.

(B) Response amplitudes to CS+, CS—, and the mixture
in paired and unpaired animal group. The mixture
response showed an intermediate amplitude between
the CS+ and CS— responses.
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Fig. 2. PAM Dal knockdown alters Kenyon cell
responses to an odor mixture.

Kenyon cell presynaptic calcium responses to MCH
and the MCH+OCT mixture were compared in wild-
type flies and in flies with RNAi-mediated knockdown
of Dal in PAM dopaminergic neurons. The analysis
shows how PAM Dal function affects Kenyon cell
odor responses to a single odor and a mixed odor
stimulus.
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