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My lab uses Drosophila melanogaster 
(fruitfly) as a model system to 

understand the function of sleep
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The function of Sleep remains a 
mystery

 Rest
 Restoration
 Energy conservation
 Important for development
 Erase useless memories
 Adaptive inactivity
 Memory consolidation
 Synaptic Downscaling
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Firsts
•Drosophila sleep

•Sleep deprivation causes lethality in invertebrates

•Salivary biomarkers of sleep loss identified

•Discovery of a bona fide sleep center in flies

• Experimentally enhanced sleep converts STM to LTM

•Hypnotic identified to increase sleep in flies

•Sleep restores memory in extreme memory mutants

•Reversal of Alzheimer’s-related memory impairments by sleep

•Sleep counteracts memory loss from brain damage

•Circadian clock enforces memory impairments in disease 



“You can observe a lot just by watching”
-Yogi Berra

“You might be surprised by what you can see just by looking”
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Why is Philanthropy Important to 
WashU ?

This is not typically how people think about neural circuitry. That 
being said, everything I just summarized seems mostly right and is 
interesting and novel (although in and of itself is not sufficient 
enough for my recommendation for funding).
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Biomarkers
 Saliva is readily 

accessible.

 Collection of Saliva is 
fast, easy, noninvasive, 
and requires no special 
equipment or expertise.

 A large number of 
diagnostic analytes are 
known to be present in 
saliva.

Brainstem nuclei regulating salivary gland activity receive inputs from neural 
structures in the forebrain that are centers for homeostatic regulation 



We have developed genetic and pharmacological 
tools that allow us to increase sleep on demand.



Sleep can “fix” broken brains

How Broken can they be?



The Mushroom Body circuitry 
feeds back on to the circadian 
clock to control the timing of 

sleep and waking
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Sleep restores Aversive Olfactory  
Memory to MB-ablated flies
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Sleep can restore Short-Term Memory to 14-day 
old flies expressing human Alzheimer's disease
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Sleep can reverse cognitive deficits in flies 
expressing Parkinson’s associated genes



Knocking down the Pigment dispersing factor 
receptor in only 8 neurons prevents STM 

impairments following MB-ablation

20%

35%

50%

0

480

960

1,440

Pe
rfo

rm
an

ce

060B/+

06
0B

/+
06

0B
>

Pd
fr

-R
N

Ai
Pd

fr
-R

N
Ai

/+

PdfrRNAi/+ 060B/+>
PdfrRNAi/+

*
*

HU
Veh

αFas2

αFas2

αFas2
060B/+ PdfrRNAi/+ 060B/+>

PdfrRNAi/+

* * * * *
Sleep Short-term  memoryA B C

To
ta

l S
le

ep
 ti

m
e 

(m
in

)
HU
Veh



Both Mushroom Body-Ablation and Sleep 
restore STM to mutants for the canonical clock gene 

period (per01) mutants.
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Crisis of Faith:
Sleep does not matter?!!



per01 mutants recover from sleep loss 3 times 
faster than wild-type flies.



0

40

80
Sh

or
t-

Te
rm

 M
em

or
y

Cs per01

Base BaseSF SF
24 h
Rec

SF SF
24 h
Rec

SF
48 h
Rec

*

Sleep Fragmentation Restores STM to per01 mutants



Do Flies have Deep Sleep?
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Blocking Proboscis Extension Prevents 
Memory improvements



0

0.15

0.3

0

0.15

0.3

Base SF

n.s.

Ab
so

rb
an

ce

Ab
so

rb
an

ce

Consumption

Base SF

Excretion

*
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Is this all hype?
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