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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

David Owald,et al. ,Phil. Trans. R. Soc. B.2015



Drosophila sleep was defined as prolonged immobility, reduced responsiveness to sensory stimuli, 
species-specific postures, restorative sleep after deprivation, and rapid reversibility

Orie T. Shafer,et al. ,2020,Current biology
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• Relationship between Sleep and Temperature By WL
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Relationship between Sleep and Feeding
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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？



Murphy KR,et al.,Elife. 2016



Drosophila sleep more and move closer to the food after meals 



The amount of sleep increases with the amount of food



LK signaling regulates postprandial sleep



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 ？



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



Starvation-induced sleep deprivation does not rebound



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



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 





Dietary sugar modulates sleep architecture



Sugar-induced sleep partitioning does not depend on circadian rhythm



Gustatory inputs mediate sleep partitioning in response to dietary sugar





The decrease of sleep requires dopamine synthesis by caffeine



Caffeine may affect dopaminergic signaling upstream of DTH



Caffeine increases activity of PAM cluster neurons



Summary

• Dietary sugar modulates sleep architecture by gustatory inputs

• Caffeine decreases sleep by dopaminergic signaling 
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Thanks!
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How do Drosophila process thermal 

stimuli?



Thermosensory Neurons

Barbagallo B, Garrity PA. Curr Opin Neurobiol,2015



Hot and cold fibers define two distinct glomeruli

Gallio M,et al.,Cell,2011



Second-order thermosensory

Frank DD,et al.,Nature,2015Photoactivatable GFP



How dose the environmental temperature 
influences on the circadian rhythm?



How the circadian clock neuron network of Drosophila processes changes in 

environmental temperature？

Majercak J,et al.,Neuron,1999

Temperature dramatically changes the splicing of clock genes

Martin Anduaga A,et al.,Elife,2019



IR25a is required for behavioural synchronization to temperature 

cycles.

Chen C,et al.,Nature,2015



chordotonal organs

Chen C,et al.,Nature,2015

IR25a is required for clock protein oscillations in central clock 

neurons





DN1ps are acutely excited by cooling and inhibited by heating.



nocte1 :defects in chordotonal organ and temperature entrainment

Thermoreceptors in the aristae and the chordotonal organs are required 

for the responses of DN1ps to temperature changes.



per01 mutant are sensitive to the heating and cooling transitions of 

ramping temperature cycles



DN1ps are required for the synchronization of behavior to ramping 

temperature cycles.



How dose the environmental temperature 
influences on the sleep time?





A thermosensory PN displays persistent activity in response to 

extended cold steps



Three distinct populations of peripheral cold-sensing neurons 
drive the activity of TPN-IIs



TPN-IIs robustly inhibit DN1a activity in cold conditions 

through GABA release



Cold temperature has both an acute and persistent 

effect on fly sleep



Dark and cold synergize to suppress morning wakefulness





Thermal-sensing AC neurons monitor ambient temperature 

shifting to promote wakefulness



ACs synaptically contact with a subset of DN1p neurons



DN1ps release CNMa neuropeptide to promote wakefulness



CNMaR in Dh44+ PI neurons is a target of CNMa signaling to 

promote wakefulness



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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Thank you



Intuitively, sleepiness blocks mind and thoughts.

feel sleepy?It has already been confirmed that lack of sleep 
truly affect people’s memory for over 100 years.



Human Performs Better on Memory Tasks after Sleep.

( John G. Jenkins and Karl M. Dallenbach , 1924 )



Invertebrate Also has Sleep-like Behavior

( IRENE TOBLER , 1983 )



HOW THING GOES ON DROSOPHILA?



Sleep and

Memory
views from drosophila research



Sleep Disruption 
Impairs Learning1





1. Sleep Deprivation Leads to Poor Performance in Learning.

(Laurent Seugnet , et al,  2008 )



2. Sleep Drive do not Affects Performance.

(Laurent Seugnet , et al,  2008 )



3. It is Prior Time of Wake is the Key.

(Laurent Seugnet , et al,  2008 )



4. Learning Needs MB.

(Laurent Seugnet , et al,  2008 )



5. Learning Dependent dDA1 Receptor Extends Waking and Learning.

(Laurent Seugnet , et al,  2008 )



0 . Sleep Deprivation Impairs Human Memory Formation. 

1.That Works On Drosophila!

2.It’s Waking Period Matters!

3.How Memory Get Affected? By Mushroom Body.



How About Reversely?



Sleep Induction Facilitates
Memory Formation2





1. Learning Dependent dDA1 Receptor Extends Waking and Learning.

(Jeffrey M. Donlea , et al,  2011 )



(Jeffrey M. Donlea , et al,  2011 )

2. Social Enrichment Induces Deficits in LTM



(Jeffrey M. Donlea , et al,  2011 )

2.5 . Induced Memory Reverses Social Enrichment 
Induced LTM Deficits



(Jeffrey M. Donlea , et al,  2011 )

3 . Even Effective for LTM Formation after Massed Training 



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 Homeostasis3





1.  There are Presynaptic Changes in Small LNvs
between Wake and Sleep.

(Daniel Bushey, et al,  2011 )



2.  Things Goes the Same in MB gamma Lobes.

(Daniel Bushey, et al,  2011 )



3.  ……And in VS1

(Daniel Bushey, et al,  2011 )



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.If Sleep Clears Overgrown Synapses ?

2.YES !

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

3.And This is Homeostatic!



In a word:

In Drosophila, Sleep and Memory Formation 
are Mutually Affected.
There is a Synaptic Homeostatic Process
Underlying the Phenomenon.
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