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Abstract: Circadian rhythms are core regulatory mechanisms that evolved to align biological functions with the Earth's rotation.
These rhythms are conserved across organisms from unicellular life to multicellular species and play essential roles in metabolism,
immune responses, and sleep-wake cycle. Circadian disruptions are strongly associated with various diseases. Over the past decades,

genetic studies in Drosophila and mice have identified key conserved clock genes and uncovered transcription-translation feedback

This work was supported by Shanghai Pujiang Program (No. E3D0381APO0) and the Youth Elite Project of Chinese Academy of
Sciences Shanghai Branch (No. E4D0051APO0).

“These authors contributed equally to this work.

"Corresponding author. Tel: +86-21-68582275; E-mail: dbma@sioc.ac.cn


https://dx.doi.org/10.13294/j.aps.2025.0066 
https://cstr.cn/32202.14.j.aps.2025.0066
mailto:E-mail:dbma@sioc.ac.cn

628 LEI2EH Acta Physiologica Sinica, August 25, 2025, 77(4): 627-640

loops governing circadian regulation. Additionally, rhythmic neurons in the brain integrate complex neural circuits to precisely regu-

late physiological and behavioral rhythms. This review highlights recent advances in understanding the neuronal circuit mechanisms

of rhythmic neurons in the Drosophila brain and discusses future directions for translating circadian rhythm research into chrono-

medicine and precision therapies.
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Fig. 1. Transcription-translation feedback loop and rhythmic neurons in the brains of Drosophila and mice. Positive regulatory factors
(CLK/CYC or CLOCK/BMALL) promote the transcription of negative regulators (PER/TIM or PER/CRY), which in turn inhibits the
transcriptional activity of the positive factors, forming a negative feedback loop. In the mouse suprachiasmatic nucleus (SCN), green
and red fluorescence indicate the expression of neuropeptides gastrin releasing peptide (GRP) and arginine vasopressin (AVP), respec-
tively. In Drosophila, circadian neurons are classified into different subtypes based on their anatomical locations, such as the lateral
ventral neurons (LNvs) and lateral dorsal neurons (LNds). PL, prelimic cortex; DN1as, dorsal neurons 1 anterior; DN1ps, dorsal neu-
rons 1 posterior; DN2s, dorsal neurons 2; DN3s, dorsal neurons 3; LPNs, posterior lateral neurons; 5"-LNv, 5th small ventrolateral
neuron; aMe, accessory medulla.
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Fig. 2. Principal neural circuits of rhythmic neurons in the brain of Drosophila. 1-LNvs, large ventrolateral neurons; s-LNvs, small

ventrolateral neurons; 5"-LNv, 5th small ventrolateral neuron; LNds, dorsolateral neurons; LPNs, posterior lateral neurons; DN1as,

dorsal neurons 1 anterior; DN1ps, dorsal neurons 1 posterior; DN2s, dorsal neurons 2; DN3s, dorsal neurons 3; PI, pars intercerebra-
lis; PTTH, prothoracicotropic hormone; TuBu, Tubulet-to-Bulb; CLs, claw neurons; CNMa, CNMamide; AstC, allatostatin C; ACs,

anterior cells.
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Fig. 3. Gene expression heterogeneity in rhythmic neurons within the brain of Drosophila. A, B: Principal cellular subtypes of rhyth-
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