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Most living things need sleep




Function of Sleep

 Physiological homeostasis
* Neural homeostasis
 Consolidate memory

 Boost Immune function




Context-Dependent Modulation of Sleep

Environmental factors (food, stress, temperature,etc)




Advantages of Drosophila as a model animal
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Drosophila sleep was defined as prolonged immobility, reduced responsiveness to sensory stimuli,
species-specific postures, restorative sleep after deprivation, and rapid reversibility
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1. Does feeding affect sleep?
2. How does starvation affect sleep ?

3. What ingredients in feeding can affect sleep?



Does feeding affect sleep?
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Drosophila sleep more and move closer to the food after meals
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The amount of sleep increases with the amount of food
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LK signaling regulates postprandial sleep
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Summary

 Drosophila sleep more after meals
* The amount of sleep increases with the amount of food
LK signaling regulates postprandial sleep



How does starvation affect sleep ?



PLOS GENETICS

RESEARCH ARTICLE

Drosophila insulin-like peptide 2 mediates
dietary regulation of sleep intensity

Elizabeth B. Brown,et al.,Plos Genetics. 2019



Starvation-induced sleep deprivation does not rebound

Caffeine
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Starvation-induced sleep deprivation does not rebound

Arousal Threshold (% g)
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Starvation-induced sleep deprivation results from inhibition of glycolysis
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Dilp2 increases sleep depth during starvation and prevents sleep rebound
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Summary

« Starvation-induced sleep deprivation does not rebound
» Starvation-induced sleep deprivation results from inhibition of glycolysis
* Dilp2 increases sleep depth during starvation and prevents sleep rebound




What ingredients in feeding can affect sleep?



There are many ingredients can affect sleep
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OPEN a ACCESS Freely available online PI JOS

Re-Patterning Sleep Architecture in Drosophila through
Gustatory Perception and Nutritional Quality

Nancy J. Linford'*, Tammy P. Chan'?, Scott D. Pletcher'?
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Sugar-induced sleep partitioning does not depend on circadian rhythm
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Gustatory inputs mediate sleep partitioning in response to dietary sugar
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SCIENTIFIC REPQRTS

Caffeine promotes wakefulness via
dopamine signaling in Drosophila



The decrease of sleep requires dopamine synthesis by caffeine
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Caffeine may affect dopaminergic signaling upstream
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Caffeine increases activity of PAM cluster neurons
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Summary

* Dietary sugar modulates sleep architecture by gustatory inputs
» Caffeine decreases sleep by dopaminergic signaling
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How do Drosophila process thermal
stimuli?
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Hot and cold fibers define two distinct glomeruli
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Second-order thermosensory
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How dose the environmental temperature
Influences on the circadian rhythm?



Temperature dramatically changes the splicing of clock genes

r—J'UTR—1

/ 1 2 34 5 6 7 8 910 111213 1415 16 17
"3 intron 5 e I} -—!— 3
I'I \ tim-L
per pre-mRNA tim-sc , et
o tim-cold I—_
tim-M NaWa

splicing factors

increase in A.
splicing of 3' intron A VN W
3'-end cleavage and
polyadenylation factors?
: . 2 P 4
stimulation of m
RNA 3'-end formation?
B.
L S m—
. . —l
early upswing in per mRNA abundance =
—-

‘ L

PER c
short day-length long day-length P P PY @ [ Nd ®
(advanced TIM accumulation) (delayed TIM accumulation) ° ... . . .
advanced accumulation partially advanced accumulation ‘ ‘ ‘
in PER levels in PER levels D
- Less TIM-L Normal TIM-L More TIM-L
l ‘ TIM-COLD and TIM-SC
Phase advance Normal behavior Phase delay
earlier activity phase later activity phase Higher day/night ratio Lower day/night ratio
Majercak J,et al.,Neuron,1999 Martin Anduaga A et al.,Elife,2019

How the circadian clock neuron network of Drosophila processes changes in
environmental temperature?



IR25a Is required for behavioural synchronization to temperature
cycles.
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IR25a is required for clock protein oscillations in central clock

neurons
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Circadian clock neurons constantly monitor
environmental temperature to set sleep timing

Swathi Yadlapalli'*, Chang Jiang?*, Andrew Bahle't, Pramod Reddy?, Edgar Meyhofer? & Orie T. Shafer!



DN1ps are acutely excited by cooling and inhibited by heating.
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Thermoreceptors in the aristae and the chordotonal organs are required

for the responses of DN1ps to temperature changes.
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perO01 mutant are sensitive to the heating and cooling transitions of
ramping temperature cycles
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DN1ps are required for the synchronization of behavior to ramping
temperature cycles.
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How dose the environmental temperature
Influences on the sleep time?



Current Biology o cerress [

A Circuit Encoding Absolute
Cold Temperature in Drosophila

Michael H. Alpert,’-2 Dominic D. Frank,'-2 Evan Kaspi,' Matthieu Flourakis,’ Emanuela E. Zaharieva,' Ravi Allada,’
Alessia Para,! and Marco Gallio':%"

1Department of Neurobiology, Northwestern University, Evanston, IL 60208, USA

2These authors contributed equally
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*Correspondence: marco.gallio@northwestern.edu
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A thermosensory PN displays persistent activity In response to
extended cold steps
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Three distinct populations of peripheral cold-sensing neurons
drive the activity of TPN-IIs
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TPN-I1s robustly inhibit DN1a activity in cold conditions
through GABA release
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Cold temperature has both an acute and persistent
effect on fly sleep
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Dark and cold synergize to suppress morning wakefulness
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A subset of DN1p neurons integrates thermosensory
inputs to promote wakefulness via CNMa signaling

Xi Jin,"® Yao Tian,"-® Zi Chao Zhang,' Pengyu Gu,' Chang Liu,** and Junhai Han"-%-5"
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Thermal-sensing AC neurons monitor ambient temperature

shifting to promote wakefulness
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ACs synaptically contact with a subset of DN1p neurons
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DN1ps release CNMa neuropeptide to promote wakefulness
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CNMaR in Dh44+ Pl neurons is a target of CNMa signaling to
promote wakefulness
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Summary:

» Temperature changes are detected by dedicated hot and cold temperature
receptors in the last antennal segment, the arista and anterior cells

 Second-order projection neurons relay peripheral thermosensory information
to three target regions: MB,TH,PLP

* DN1ps play a central role for in temperature entrainment and the generation
of sleep rhythm

 DN1a and DN1p are respectively involved in the regulation of sleep by cold
and hot signals
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Human Performs Better on Memory Tasks after Sleep.

MINOR STUDIES FROM THE PSYCHOLOGICAL LABORATORY
OF CORNELL UNIVERSITY

Communicated by E. B. TITCHENER
LXXII. OsrivisceNcE DURING SLEEP AND WAKING

By Joan G. Jenkins and KaAry M. DALLENBACH
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Invertebrate Also has Sleep-like Behavior
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Fig. I. Activity plot of an individual cockroach recorded for 14 consecutive days. High bars,
locometor activity; low bars, limb or antenna movements without locomotion: intervals between
bars, immobility. Interruption of recordings on Day 4 was due to disturbance by other individuals
submitted to forced activity; on Day 8 to visual scoring of the preceding week; and on Day 11 to
forced activity. Abscissa: time of day. Dark period indicated by horizontal bar on top.
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HOW THING GOES ON DROSOPHILA?



lews from drosophila



Sleep Disruption
Impairs Learning



Current Biology 78, 1110-1117, August 5, 2008 ©2008 Elsevier Ltd All rights reserved DOI 10.1016/j.cub.2008.07.028

Article

D1 Receptor Activation in the Mushroom
Bodies Rescues Sleep-Loss-Induced
Learning Impairments in Drosophila

Laurent Seugnet,’ Yasuko Suzuki,! Lucy Vine,’ not be due to global brain impairments but may reflect a molec-
Laura Gottschalk,’ and Paul J. Shaw'-* ular vulnerability in specific neuronal circuits. Thus, it may be
1Anatomy and Neurobiology possible to manipulate a single molecular pathway in specific
Washington University School of Medicine cell groups to prevent cognitive impairments associated with
660 S. Euclid Ave. Campus Box 8108 waking. We demonstrate that the effects of extended waking
St. Louis, Missouri 63110 could be prevented by activating the dopamine D1 receptor

in a specific circuit known to be involved in learning and mem-
ory [5, 6]. These data provide the first demonstration that the



1. Sleep Deprivation Leads to Poor Performance in Learning.
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2. Sleep Drive do not Affects Performance.
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3. It is Prior Time of Wake is the Key.
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4. Learning Needs MB.
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5. Learning Dependent dDA1 Receptor Extends Waking and Learning.

Performance

B
80 * 50% ; ®WdDAT
Tag o DAMB
0D2R
. S 0% , ~
; A Ul
2 40 () ‘]
S ° ‘
Q £ *
< € -50% * ¥ %
e o
2 —
Sleep
0 -100% - Fragmentation
Base SD
E
* * e
50% - 5 oo
1 B oo l
40% 0 -
= 400 - ¥
o/, -
30% B o
20% - N
2 %
10% E 1)
3]
L 3ly s
Vehicle 3lY +L-DOPA Vehicle 3lY

Performance

C

50%

40% -

30%

20%

10%

0%

m Vehicle control
0 Drug treatment

%* * *
L L
@
£
E
@©
° P
£ G
X £ @ s
@ = o |
O 5 = ©
Q 5] = by
) = o (@]
Sleep deprivation
60% - * *
e E
50% -
8 40%
c
@
g 30% -
=
& 20% 5 "
(] °
a g
10% - N e
I —
o 2
0% - R w
Vehicle D1 D2
antagonist

(Laurent Seugnet , et a/, 2008)



0 . Sleep Deprivation Impairs Human Memory Formation.

1.That Works On Drosophila!

2.1t's Waking Period Matters!

3.How Memory Get Affected? By Mushroom Body.




How About Reversely?



Sleep Induction Facilitates
Memory Formation



Inducing Sleep by Remote Control
Facilitates Memory Consolidation

in Drosophila

Jeffrey M. Donlea,* Matthew S. Thimgan,* Yasuko Suzuki,® Laura Gottschalk,* Paul J. Shaw™*

Sleep is believed to play an important role in memory consolidation. We induced sleep on demand by
expressing the temperature-gated nonspecific cation channel Transient receptor potential cation channel
(UAS-TrpA1) in neurons, including those with projections to the dorsal fan-shaped body (FB). When the
temperature was raised to 31°C, flies entered a quiescent state that meets the criteria for identifying sleep.
When sleep was induced for 4 hours after a massed-training protocol for courtship conditioning that is
not capable of inducing long-term memory (LTM) by itself, flies develop an LTM. Activating the dorsal FB in
the absence of sleep did not result in the formation of LTM after massed training.

lthough the functions of sleep remain
Aunknnwn, sleep is believed to be impor-
tant for maintaining optimal performance
in a large and diverse number of biological pro-

*Department of Anatomy and Neurobiology, Washington
University in 5t. Louis, 660 South Euclid Avenue, 5t. Louis,
MO 63110, USA,

*To whom correspondence should be addressed. E-mail:
shawp@pcg.wustl.edu

cesses (/, 2). Historically, the importance of sleep
has been most convincingly established by demon-
strating negative consequences that accrue in its
absence (3). In contrast, methods that allow an
experimenter to induce sleep on demand are lack-
ing. Thus, it has been difficult to demonstrate that
sleep serves a beneficial role per se. Studies in
humans indicate sleep may play an active role in
the strengthening or stabilizing of new memories
(4, 5). With this in mind, we conducted experiments

ncemag.org SCIENCE VOL 332 24 JUNE 2011



1. Learning Dependent dDA1 Receptor Extends Waking and Learning.
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2. Social Enrichment Induces Deficits in LTM
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2.5 . Induced Memory Reverses Social Enrichment
Induced LTM Deficits
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3 . Even Effective for LTM Formation after Massed Training
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0 . Sleep is Import to maintain Optimal Performance in Memory Task.

1.Sleep can be Controlled by Fan-Shaped Body Activation.

2.And Social Enrichment Induced LTM Deficits can be Reversed.

3.Induced Sleep Do Facilitate Memory Formation.




Sleep and
Synaptic Homeostasis
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Sleep and Synaptic Homeostasis:
Structural Evidence in Drosophila

Daniel Bushey, Giulio Tononi, Chiara Cirelli*

The functions of sleep remain elusive, but a strong link exists between sleep need and neuronal
plasticity. We tested the hypothesis that plastic processes during wake lead to a net increase in
synaptic strength and sleep is necessary for synaptic renormalization. We found that, in three
Drosophila neuronal circuits, synapse size or number increases after a few hours of wake and
decreases only if flies are allowed to sleep. A richer wake experience resulted in both larger
synaptic growth and greater sleep need. Finally, we demonstrate that the gene Fmrl (fragile X
mental retardation 1) plays an important role in sleep-dependent synaptic renormalization.

been carefully studied (/), including Dro-
sophila melanogaster (2, 3), but its func-
tions remain elusive. Increasing evidence points
to a link between sleep need and neuronal plas-
ticity (/, 4, 5). A recent hypothesis (6) suggests
that a consequence of staying awake is a pro-

Sleep is present in every species that has

Department of Psychiatry, University of Wisconsin, Madison,
WI 53719, USA.

*To whom correspondence should be addressed: ccirelli@
wisc.edu

24 JUNE 2011

gressive increase in synaptic strength, as the
awake brain leamns and adapts to an ever-changing
environment mostly through synaptic potentia-
tion (7). However, such increase would soon be-
come unsustainable, because stronger synapses
consume more energy, occupy more space, re-
quire more supplies, and cannot be further po-
tentiated, saturating the ability to learn. Thus,
according to the synaptic homeostasis hypothe-
sis, sleep may serve an essential function by pro-
moting a homeostatic reduction in synaptic strength
down to sustainable levels. Also, the hypothesis
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1. There are Presynaptic Changes in Small LNvs
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2. Things Goes the Same in MB gamma Lobes.
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0 . Synaptic Strength Increases while Staying Awake [1], But
Stronger Synapses Needs More Energy , Occupy More Space,
and Code Less Information.

All of these are More Unsustainable

0.5.The More Time Individual Stay Awake, the Stronger Sleepiness Grows.

1.1f Sleep Clears Overgrown Synapses ?

2.YES!

3.And This is Homeostatic!

[1] D. E. Feldman, Annu. Rev. Neurosci. 32, 33 (2009).



In a word:

In Drosophila, Sleep and Memory Formation
are Mutually Affected.

There I1s a Synaptic Homeostatic Process
Underlying the Phenomenon.
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