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l. Introduction

Sleep and circadian
rhythm disruptions

loss of dopaminergic
(DA) neurons in the
substantia nigra.
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Environment factors
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Circadian clockworks drive the hormone secretion

N N
SZ ©2 SN 7
3> g0 N s
£ 3% LONRT
7] Two =0 V\v - ./}wf
S 63 53 =2 XA
> O Q , N —
m ad md ' &\ —
° G S 25 —
@ £ 3¢ r
N — o %) ‘ >© [\
S N AR
o AR
> N
T AN
g A
=8 N
L /.,,_, \_/




Fly genes are almost homologs to the human brain

Human Fruit Fly

Caudate
Nucleus

Subthalamic
Nucleus

Globus Palli-dus

g Substantia Nigra
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“Fruit flies share nearly 60% of our genes, so the neural circuits in their brains — despite the " PPM3“
huge size difference — are likely to be similar to ours. A model of the fruit fly brain — which is

achievable —- will tell us a lot about the human brain.” Daniel Coca, University of Sheffield \/"\d___,/\_,/




UAS/Gal4 expression system
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transgene
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Generation a knockdown flies by using UAS-gal4

o AUAS-VALIUM?20/22-Target-RNAi £ 2 mat$”mat!’ (virgin)
UAS promoter 4 maternal tubulin
optimized for promoters
ovarian expression expressing GAL4
drivers

v

Target-RNAi expressed in ovaries, n=65

v
Collect Embryos at Cellularization Stage

Stain with anti-Zip (Myosin Heavy Chain)

Analyze Microfilament Ring Circularity



Generation CG5808 mutant fly using P-element
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- Background clearance was applied
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Neuronal circuits of circadian

clocks in Drosophila and
mammalian brains

A - Dorsal terminals of s-LNv

i = morphology (branching)
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Fly brain dissection
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Circadian vulnerability of DA neurons to oxidative insults
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Circadian vulnerability of DA neurons to oxidative insults
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relative absorbance

Number of PAM neurons
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The circadian neural circuit controls the rhythmic vulnerability of PAM neurons
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Number of neurons

Identification of the vulnerable subpopulation of PAM neurons

a0+

204

LA L

THL.

Be 332, &

NPSSTO TH  R4BBGd 0704 HLE RIBEOT

=

I -
. & %é?

A

MBI12E  MAGMIE WMABXOE MBIEC MBL41B

Detaction methad Number of Number of losl sovalug
cells cella
TH slaining 88 (83-107) 13 (10-168) < 0.,0001
GALY
NPE510 10 na
™ 12 ne
H4 8RO 45 i
104 a0 ne
ML ré ne
RSBEDZ T8 8 (5-10) 0.00:35
nplil-GAL 4 AD DD
MBI12B R&58-EQ2 R10-G03 13 ns
MBO4IE R58-E02 R32-D11 11 ns
WM E2ODE R58-E02 RAT-E10 13 ({11-18) T (B-13) < 0.0001
MBEJI1SC R58-E02 R48-H11 10 (7-12) 2 (1-3) 0.0008
MB441B RI0-GO& R48-B0Y 11 (B-12) 2 (1-3) 0.00:08

= control
B 10% W0,

MB299B > EGFP
control

Y3

ZT8 10% H202

ZT20 10% H202

O RSBEO2
° MB2998
(]
o | meatsc
MB441B
® Jdogenorates
LA AR g
e
LAl
20+ 207 eeee
e
15+ 1564
ns
10+ E B 10+
z
0+ 0 T T T
& or o s
& O S8 © o
(P(\ qo¢¥ &P\* f n'..nQ\ o
S S0 S



Consequences of PAM-a1 neurodegeneration on motor and non- motor functions
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These findings indicate that a 4-h H.O.treatment increases sleep but not hypoactivity



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