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What Is the function of sleep?

KB U

|deas about sleep

A. Energy Reserves

B. Theory of restoration and maintenance
C. Theory of functional

Memory consolidation theory
Synaptic homeostasis hypothesis, SHY




Study sleep using fruit flies as a model
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» Sexually Aroused Males Suppress Sleep

»Mating Reduces Female Sleep

» Conclusion



diverse environmental factors




Two clear examples of how sexual arousal and the possibility of mating can

regulate sleep

Lesku., et al., Science. 2012
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Male sexual arousal disrupts sleep homeostasis in flies when females are present
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The Male-Female interaction led to an even greater deprivation of sleep, but no rebound
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Male flies possess mechanisms for suppressing sleep in the presence of female flies
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Sleep can be regulated by the sexual arousal circuitsin Drosophila
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What is involved in regulating abnormal sleep homeostasis
and sleep rebound in male Drosophila’



Presence of female pheromones is sufficient to suppress sleep rebound after sleep deprivation
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The pheromone receptor Ppk23 is necessary for sleep suppression after sleep deprivation.

ppk23*
A 100 - —=,.

"R £ S

Interactor

== None (mock)

asleep(%)
N O
o S
) 1
-3 e
? -

a-ale Drosophila Life Span and Physiology ==& =" """
e o -9 s Are Modulated by Sexual Perception oo iamsims
== Male + vehicle & and Reward :;“ et fiain
== Male + 7::3::3':-;?;«?,% o) Ns DI B 99 94 Christi M. Gendron,"* Tsung-Han Kuo,”* Zachary M. Harvanek, " z{.‘}i:"{“er .
Sleep rebound at ZT0-3 g'reiatié\hYe.rQhung.'Joanne Y.gYew. “Herman A. D?:mck. Scott D. flios ehpoied 15 msalé dosor plisidmon
had hagher amounts o v )
A Ppr23-GALA / + 1 B oo
100 - - v - 1
= 75 - G e, = . .
A W ™\ Pow -] ﬁ Consequences of ppK 23 receptor activation
B 25 - | \_.“ \ f \ / == N
0-: ‘ v ~ A . .
T bmane | Onemesd | Rewnd | W4 « Theloss of triacylglyceride
C UAS-TrpA1/ + 1 D . ey ngs
z ~ ™) * Anincreased susceptibility to stress
—:%:‘ 50 - //"'\ / "“.r\ {""v (NV/\.‘\ - %*
Ve N _ 1=V —§ ) = « Faster aging
Baseline Dynamic SD Rebound N 50 a8
E ppizs 1 F « A significantly higher expression of NPF
> D= e 2 - 5 1
2 7 ey N
% 22 ) / ‘\“I |" ;/ \\“\ [ o\ \ ?? ?
— BMim .Dyn.ar;r-!icSD A Rébouna l;x 68 54

Treatment None (mock) == Dynamic SO



Courtship and sleep-devoted circuits may interact to balance
these competing drives



P1 regulates male sleep through DN1 neurons, and form mutually excitatory connections
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Octopaminergic neurons Male-Specific One is upstream of the P1 neurons
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Does slegp in turn affect courtship in male Drosophila?



Excessive sleep deprivation inhibits mating behavior
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Sleep in young fliesisrequired for courtship behaviors and circuitry devel opment
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The sex peptide regulates arousal after mating in female Drosophila
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Sex peptide and Sex peptide receptor contribute to post-mating decreases in female sleep
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Chronically silencing the SPSN-SAG post-mating circuit decreases female daytime sleep
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Acutely silencing the SPSN-SAG post-mating circuit decreases daytime female sleep
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Sleep deprivation by caffeine and mechanical disturbance of w1118 flies results in decrease

of egg output
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Conclusion

During the interaction

After the interaction

Q | Sleep

T Egg laying and feeding

J' | Sleep
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The clocks

Circult for circadian cycle

* All of them have perexpression, most of them have pdfexpression.
* Their activity depends on time of day.
* LNv, LNd, DN1

2 systems

The modulators

Circult for sleep homeostasis and other aspects
* Modulate sleep in other dimension like homeostasis,

stimulation-responding arousal and sleep drive.
* MB, FB , EB



1. the clocks
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A Wild type

odrf (pigment dispersing factor) 1s responsible for
morning locomotive activity
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odr expressing LNvs(Ventral Lateral neurons) are
crucial to circadian cycle both in LD and DD
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What about evening activity?

PDF-negative LNds
(dorsal lateral neurons)
are the key to early
evening activity.
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Sleep per 30 min

DN1 activation Is sleep-promoting
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DN1s directly contact and
reduce calcium levels of
LNds and pdf-cells

sLN, cell bodies sLN, cell bodies
=Y

(guo et.a/2016)
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2. the modulators

Red for wake-promoting, blue for sleep-promoting (Artiushin et.al 20&6)



1 MB Inducible expression PKA in MB leads to shorter sleep bout
duration and longer sleep accumulation
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(Sitaraman et.al/, 2015)
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The P element insertion site of C5-GAL4
lies In crossveinless (cv-c) Intron
Mutations in cv-c impair homeostatic

'

A Chromosome 3R WV P{GawB)C5

N
7

A TR L) Ll Ll L L) L] LJ L
10,220K 10,230K 10,240K 10,250K 10,260K 10,270K 10.280K 10,290K  10,300K

AM{ET1)MB01956 AM{ET1}MB03717 A .
A [R369Stop]C524 p{wHy)DG20401 slee P regu lation
cv-C
cv-c RA
¢H—— .
cv¢ RC C Time of day
o= - - ' 21:00 3:00 9:00 15:00  21:00 3:00 9:00
< i : 3 = t 11111111111||I||H
0
A 200 - =
. 25—
5 g
£ 150 - B s0- e
® . o
o 11 © e
®
—
0 - -100 — A
E 504 Sleep deprivation
©
8 —~ . CV'C C524 /CV'C MBO3717
i v ® cv-c/+

O Cv-C 717 /4

9:00 900 900 900 900 9:00 900  9:00 (Donlea etal, 2014) 44



21

25 -

-50 -

75 =

Sleep lost (%)

-100 —

Rescue cv-c In FB restores homeostatic sleep control
And inhibition cv-c Iin FB impairs sleep rebound after sleep deprivation

Time of day

00 3:00 9:00 15:00 21:00 3:00 9:00

n.nn.ln..nnlllllllllllll

*

Sleep deprivation W

® cv-c®/23E10-GAL4, cv-cM%77 JAS—cv-C
® cv-cC5 /oy-c MBI JAS—CV-C
cv-c %% /23E10-GAL4 , cv-cME%717

C Time of day
21:00 3:00 9:00 15:00 21:00 3:00 9:00
0
-~ *
-25 -~ ‘-\.‘

;\‘9‘
- -50 —
8 ®
a CS
@ 75
w -

-100 -

Sleep deprivation

® UAS-cv-¢c™ W :23E10-GAL4
® UAS—cv-cPW

23E10-GAL4

(Donlea etal, 2014) 45



3 EB

Activation of R2 Ring Neurons Induces Sleep Drive
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summary

Neurons/ Region

Function In sleep

The clocks

LNVS

Morning locomotive activity

LNdS, 5™ LNvS

Evening locomotive activity

DN1

Light-on arousal response,
Sleep promoting

The modulators

MB

Multiple functions
Both sleep-promoting and
wake-promoting

FB

Sleep-promoting ,
homeostasis after sleep
deprivation

EB

Sleep-promoting
Encoding sleep drive
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Homeostatic response to sleep deprivation
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Donlea et al., 2018, Neuron

* Sleep homeostasis ensures that flies
sleep the proper amount by
recovering lost sleep after periods
of extended wakefulness.

* Sleep homeostasis Is often
conceptualized as a continuous
bulld-up of sleep need over periods
of wakefulness and dissipation over
periods of sleep.



* dFB neurons as a effector to promote sleep

* R2 neurons as a Integrator to drive sleep

* An autoregulatory loop
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* A cluster of neurons inducing sleep islocated at dFB
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Sleep deprivation induces excitability of dFB neurons
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Dopaminergic Neurons Signal to the Dorsal Fan-Shaped Body to
Promote Wakefulness
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In Drosophila, a crucia component of the machinery for sleep
homeostasis is a cluster of neurons innervating the dorsal fan-
shaped body (dFB) of the central complex.

« Artificial activation of these cells induces sleep

* Reductions in excitability cause insomnia.

« dFB neurons in sleep-deprived flies tend to be electrically active.
« dFB neuronsin rested flies tend to be electrically silent.



|dentification of aneuronal circuit that induces sleep drive
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R2 neurons act through ExF 2 neurons to regul ate sleep homeostasis
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/ A subset of R2 EB neuronsis capable of generating
sleep drive in Drosophila
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Manipulating synaptic strength of R2 neurons directly
Impacts homeostatic sleep drive
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dFB neurons regulate sleep viaAstA
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AstA-R1 Functions in Helicon Cellsto Regulate Sleep
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* dFB Neurons Inhibit Helicon Cells and Their Visual Responses
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« Helicon Cells Excite R2 Ring Neurons
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