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Parkinson’s disease (PD)
(The motor system is 
interrupted) 

loss of dopaminergic 
(DA) neurons in the 
substantia nigra. 

Sleep and circadian 
rhythm disruptions 

I. Introduction



Kelly L. Healy, Andrew R. Morris and Andrew C. Liu, 2021

TTFLs

I. Introduction



Circadian clockworks drive the hormone secretion

Tran., et al. 2024



Fly genes are almost homologs to the human brain





Generation a knockdown flies by using UAS-gal4



Tran., et al. 2024

using P-element



Neuronal circuits of circadian 

clocks in Drosophila and 

mammalian brains



Fly brain dissection



Circadian vulnerability of DA neurons to oxidative insults 

→ intrinsic rhythmicity in the vulnerability of PAM neurons to 
oxidative stress modulated by light 



→ disruption of circadian clocks interferes with the 
development of DA neurons in the PAM cluster and 
accelerates their age-dependent degeneration 

→ loss of per null mutation 
enhances the vulnerability of PAM 
neurons to oxidative stress-induced 
degeneration 

Circadian vulnerability of DA neurons to oxidative insults 



The circadian neural circuit controls the rhythmic vulnerability of PAM neurons

a ROS-sensitive 
fluorescent dye targeted 
to mitochondria 



A subset of clock neurons are presynaptic to 

PAM neurons 

→ these findings suggest that PER expression within the PDF-
positive LNvs plays a significant role in the regulation of survival 
of PAM neurons following oxidative insults 

The circadian neural circuit controls the rhythmic 

vulnerability of PAM neurons

using trans-Tango, an anterograde transsynaptic tracing tool 

→ the three CRY-negative LNds, one CRY/ITP double-
positive LNd, and the fifth LNv) are presynaptic to PAM 
neurons 



Identification of the vulnerable subpopulation of PAM neurons 



Consequences of PAM-α1 neurodegeneration on motor and non- motor functions

These findings indicate that a 4-h H2O2 treatment increases sleep but not hypoactivity 



The implication of the multiple-hit hypothesis for Parkinson’s disease

These results demonstrate that the combination of an oxidative insult and the per null mutation 
causes premature death of the animal 



Summary

- Circadian clocks regulate the rhythmicity and magnitude of the vulnerability of DA neurons 

to oxidative stress in male Drosophila

- Circadian pacemaker neurons are presynaptic to a subset of DA neurons and rhythmically 

modulate their susceptibility to degeneration 

- The arrhythmic period (per) gene null mutation exacerbates the age-dependent loss of DA 

neurons and, in combination with brief oxidative stress, causes premature animal death

➔ These findings suggest that circadian clock disruption promotes dopaminergic 

neurodegeneration. 
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