
Infusion of EGF blocks locomotor activity in hamsters	


Running wheel assay	


Period of infusion;	

therefore it’s reversible	




TGFα, an EGF like factor, disrupts sleep-wake behavior	




Mouse EGF Receptor mutant is defective in light response	


Together, these experiments suggest EGF is necessary and sufficient for activity/sleep cycle	






Sleep in worms	


EGF and EGF-R	


Target neuron - ALA	


Neuropeptides and receptors	




CHROMOSOME_IIcctaagcctaagcctaaaatagtgactctggcagttctctaaaataagtgactctggcagttcaccaaaaattgtgactctgaccgttcaccaaaaatagtgactctgaccgttcaccaaaaatagtgactct
gaccgttcacaaaaaatagtgactctgaccgttcaccaaatatagtgactctgaccgttcaccaaaaattgtgacaatgaccgttcaccaaaaattgtgactctgaccgtcactatttttattgaactgccagagtcactattttt
agtgaacttccagagtcacaatttttagtgaactgccagagtcactatttttagtgaactgccagagtcacttattttggtgcactggggtgggtcacgcccccagttctcagttatgggtactctgatccactcgggacccactt
tatcgtgttccccgtgcctcatttaccctagagcttcctcctttacctctcctctcgctatctctaacattccaatggaaactcctatttgaattaccgccaccgatgtgcccgacgcgacttactgttagcccttgttttgcaca
aatctgttggcttccatatttaaaagttaattaatgacccaatgttctttttttctctaaatctccacaagatgttctgttttccctactggacactatcgttcactgcgtctcaccaattcacattgtctctactttaccttttt
tgtcatagtacacgttcgccaacggtgtcgacggccaaatgctttgggcagcgtttgctttttttataattagttttattttattaaaacaatagctctaaagtttacaagtcatttgttataggctaaatgagttatgtctaata
agtaatttgaactagatacttccgtgtaagtgacaatgtatcggaaaagtcctcaaagtgcgatgtagaagttcacatgtactttgtttggcatgttagtaaaagagccagtatgctgattcattttatattctatatactcatgt
aatatgcccatgtaaggtttaattccaaaaatatgagcgtgttctattttataatattttactaaaatacctttcagttaattgcactcaaatttgttgttcttcattctctcgttatgatttaatcttattgcgtcaaggtcatt
attttaggtccattagttatcgatctgaaacatgttgttgtatttttctattcttgtgagctcaggacacctcatacaactccagagaaaatgtgtctcattattcttgtcttttttcaagatctaatcaattttctacattaacg
acgtttttgtcgttctgcttctttttttcgttcgtttgtctcgtccatcagctgtccactcatttctctcccactcactaggcagtgctttgtttggttccgattggcagctggctgcagggcctgcatctcttctatgtctctca
tttacttgcattcttttcttcgttaatttttgttatgatatttaaacgggaagaagagtttgtggttcttctttttataatcactaaaacttttggataagtaacaattttctgataaaatattttcacggcgaagaaaaaagaaa
aagaagagtagtttttgcacgttttcatataattattttcgttgatcaaatgttcttctggagttttctaataaatttcttatcgactttttttcagaaatttttctcaacttgtcatgtcaatggtaagaaatgtatcaaatcag
agcgaaaaattggaagtaagttctttataatttcatttatatactataagttttctcgatcacaggagaaacaaaaacaacagacaacacaaaaaacaataaaacaatattgctctagtaatcaatagtgttgtaaagagggaaga
aaattgttatctgtgtagcagtcaacgttgattgagatgttgtgtttgactatagagttgaaaataataacttcaaacttgcaagtcatgacttatcaaacactgccggaacttattctggatcaaaggaaagttgtccaactgta
gagtcatgtttttcaaaagaaaacacaatttttaagtataaatattttgaaaaagtatgttttagaagtatgtcaaattaaaaaaaaaatccttggttaaaaaatgatttttttggatatatgtgtatttttaactaaaaatatat
actttacatatatattttggcgcagttatttgatctataaatcaaactttttgatagacatttttttatatttacaacaactagggttgttatgaaaacgcctattattctacaaactaaattattttaatcatacattccccact
atctaaaaactaatgcaattttcagattttgtcatgtaaatgggtaggatgtctcaaatcaacagaagtgttcaaaacggttgaaaagttattagatcatgttacggctgatcatattccagaagttattgtaaacgatgacgggt
cggaggaagtcgtttgtcagtgggattgctgcgaaatgggtgccagtcgtggaaatcttcaaaaaaaggtatttttaatttaatgtgcattttataatataaattcttcagaaagagtggatggagaatcacttcaaaacacgtca
tgttcgcaaagcaaaaatattcaaatgcttaattgaggattgccctgtggtaaagtcaagtagtcaggaaattgaaacccatctcagaataagtcatccaataaatccgaaaaaaggtattcacaatttgcatgatattgttataa
tctaattttcagagagactgaaagagtttaaaagttctaccgaccacatcgaacctactcaagctaatagagtatggacaattgtgaacggagaggttcaatggaagactccaccgcggtaagtgtgtttctttaaaaattacttc
cttttttcaattgtttgaaattaacaagaaacctgttggagcgtatttctgaacttttaaatcgaaaatatcatttgcaaaaaaacttgaaaattgagaaacttttttaaaagtggagtagcgtctgcgggtttttttgccctaaa
tgacagaatacatacccaatataccgaatataaccgtaataaaattatgcgatttttatttttatttttcatgaatgttaggggcaaaaaacccacatgcgctactccgccttaagaagaatcagctgtgagcactatccactata
cattggaaatttacaaataaaatagagattaagtaatataatttttaagggttaaaaaaaagactgtgatatactatgatgatgggccgaggtatgtatttccaacgggatgtgcgagatgcaactatgatagtgacgaatcagaa
ctggaatcagatgagttttggtcagccacagagatgtcagataatgaagagtacgttgttttgcaaattgattaaaagtggagtagcgtcagttaaaaactctaacatgtcttaggtttttcaaaagtttggtcaaagttttggca
aactgccaacttcttgaaaacttcgttaaaaaaattcttgaaatgatttgaaaatttgtattatgttattctcttatttctgcactattctatatggcgctactatacttttaattgatttcttgaaagcagttcaataataatta
attttagagtatatgtgaacttccgtggaatgaactgtatctcaacaggaaagtcggccagtatggtcccgagcaaacgaagaaattggccaaaaagagtgaagaaaaggctatcgacacaaagaaacaatcagaaaactattcga
ccaccagagctgaataaaaataatatagagataaaagatatgaagtaagtcgaaattgacaaacagtggtttttgtttaagtttattgcgaaatattcaaaattagacatgttaaaattttgcgagataatctaaagattaggtat
acagattttttcatgtaaagttacattcatcaaaatttttgtgttcaccaaattagacaaaaaatgttagttacacagtatatttattttttatatcaataaaacctttttcagctcaaataaccttgaagaacgcaacagagaag
aatgcattcagcctgtttctgttgaaaagaacatcctgcattttgaaaaattcaaatcaaatcaaatttgcattgttcgggaaaacaataaatttagagaaggaacgagaagacgcagaaagaattctggtgaatcggaagacttg
aaaattcatgaaaactttactgaaaaacgaagacccattcgatcatgcaaacaaaatataagtttctatgaaatggacggggatatagaagaatttgaagtgtttttcgatactcccacaaaaagcaaaaaagtacttctggatat
ctacagtgcgaagaaaatgccaaaaattgaggttgaagattcattagttaataagtttcattcaaaacgtccatcaagagcatgtcgagttcttggaagtatggaagaagtaccatttgatgtggaaataggatattgattttata
acgtgtaattgagttttggccaaaaaggtatggaaaggtggctgtttagttatatatttttctattatttatttgaaacatgcaaaattgaagtgaacaataagtgatgttcatggaaatttaaactgttttatgatacttttttg
agaaattgaaaaatctgttcattttagaaacaatgtccacatggttctaagagctaaaatttttattttcatccatttagagtactttctcttttagagtacggccccagagcgatgttagaaacctgagatcggtcaacacagac
cgttaattttgggaagttgagaaattcgctagtttctgacacgaatttcagctaataccaaataatgtgcaattgcattttgcatgtcagcattcagcattcatacaaaaatttcaaagagccaacttttcatacgtttatggtca
acactgtatgtgttacattgaacttttttaaattgtattatttcatatttgaatcatttccatgccattttcaaatctttttttaacaaaaatttagtttcaaagttttaaatttaggtgaaaacttgctacaaaataacacattc
tttagtcgtttcaattgctatctatccgcagactgcaattttgttttcccacaaccattcacacaataaataagggtataaagttttgttcatataacacatttcaatactaacatttcaattttgaacaatttttctaaacttat
ttcccttcgcccaaacgtcattcaacattctttgtacaaaacattaccattatagaaaatctcatttttccactatttcatttatttttattgttccgcgataaatataaataaacatttacgtgttccgagttcaaagttttacc
acgtttcagaataaaggaatcggaggggggggggggtgaaaaaatcatttcaacaaatcagaatttctcaaaatgtgagttttatcattttcattgttagaatcacgattagcttatattgaacaataacaataatttaatcccat
tcattccatatcttctcatgatgaaaaaataagcattattcgttttcttttgacgcgtttgatagggttctgccagcgccgaccaatattcttctcaattagattttccagaactgcactaactgaaaattgttttagtaaataga
acaaaactgactattagttcaatattataattttacttccctattttctgacagcattttgcaaatactctttacagtcattcttgtattttgacaacaaaattcgaatttaaaatttcatttttcttttaaaatatcagtacact
cctggtagaacaaatattttatttcaatgtttatgtatgagtagaaaagttaaacagaactattatttggcatcaatttctgttttttttttcatctaaagtatggcatttattagcaaaaaatacatgcttgaacaggaataact
attaatttcctatagcgacccaaaaacaaccaaaaattgttttaaataatttttttttggtcgacttccatagttatgagtggcaaaaactgagtaattgtcaccttttgacagtaaataaagaaattttcaaaaaatttttgaaa
agttttattatgctattcgatcattttggcaccatgtaggctttaacaccccactggcgctactccgcatttaaaagtgatttataaaaagtgtaaggaatactttgctccaattttcgtctagtgcatggcgtacccatattttg
ttcatgttgtgtctcttagcctctcctcggaggcgagtttccatagctacccacaaagaatttatttttctatgtatgcttcgttggctccaccttcattttctcagtcgtttctcagttttctcatgaattctctttttgttcgt
ttttagaatagctatcgttttaccacgaatgcgctttttcagttattaagaaaacagttttttgtagtacatttttcatagtctgaactttcagcatggaaatagtaaaaacaatcattccacacaaccgttcatacattgaaccg
cccataccatctgccaccgagtggcttgcaagtaagttgttttgtctaaagacataatttctgaaagaaatctatccgatgagcggaaaataaacagaagttgtttttaagaagactttgatgcaattacaaaaatatatggctat
gtgcgtaaaaattagacgtgactcgtcataaagaccatataggtctacaaaggcgtttcgagtcttataaaagttcgttcaaactttttcggggtcttgttaaaagcacaccaacaatacgttaaaggatttataaaattgcaagt
attcgtctcaattgcaatactttggaagccgaattttggcaagatattggtaaaacaggtacattacaatagctatttttggtaaaatgtactaggtatcttgtaatgagttgcgcttgcctcataggcatacatctaccgtatat
tctttactagtgctgcaggcagcactaatttctaggcccttttttaatgcagtactattagagactgcagtactactggagatgcagcgctaatagagaatatacggtatgtagatgcctagaacgctaaggttgttttattcaaa
taaatttcttagaaaggctaatattatttttaaaatcaagatttaagttaattaacacgacctcgtattctatatttcagatatgtcagttatgcatgtgtcatgtttaaccattgcttgtgtatttgttgctatcacatttttgt
catcatttttccatttattttttgtattgaaatatgtgtctaatgagaggatacgcaatgatatgtacgcattgatatttatgtttcccgtgagtttataaatggaattatgaagagtttggaaaatatattttagataaccacat
ttgcaagtttagtaggaatgttcataccaagagcggctattttcctttatgcagtttcccttgtgtaagtgtaccttaacaccacaaacagaaaaatgaactttattgatttgttccagatatttcatgtttaccctcttcataat
ggtcactcttttattcaacatttttggaggtcggcaagaaatgagtgcctacttgctccaaagaaatattcgagttaatttcactgttccaccactctgttttttcaagttcctgccaactgtagaaagtacagagtgagctcgaa
aatcttatttttgtctttctaatatattttccagtcaaaacctacgtcgaatcgagtggttggtttttcaaactcctattatacgaactcttttagagttagtctcagtcgttgtgtctatggaacaagaaggaagacgagaaagc
gtgtaagaccatgaaatgttttttgtgtgcgcaacgtagtgcgaaaagttagttatttggagaggaagttatttgaaaagaatctttagaagatattgatattttatattctgtatgtaggcgctgtggcaaattctcgacttcac
gggagaagcgcaaattttgtgctggtttccataatgcgctcgaaaaatgttgtatatttacattattcaaatctcaccgattaaagttgaatttcagttggttcgtattctctcaactcatggcactactctcgatgtgcattgcc
ttttatggttgctacgttatggttcctcttggaagagaaaagcatgctccataccgattcgattttctatttcgtacatgtgacattgctcagtgtatttacacaattcaaaagtttgtctttgagtttgctgctgcagttggctt
gatcacttcggatcgataccttccagctgctgcgaaggcattgtgtaagttcagaagtttaaatggagataggaatgtttcgattttcgtttataaaaacacctgttaatattaaattgttgacgtcatagctgaccattcatgct
tctttgtctgattgtaattatataattgtaaaaatacaaacaagttaaccgaaaaagttctctgttacgtttgcggtaaattagaactttatgttgaaagatatcagcttaaagttaaaattttttgaaaattaaattttggctag
aaattcaatttttctgataaaaagaaagtttggtgggaaatttaatttcattgatagaaaaactgaagtttgtgttttctgagaattaaaaaacagcgggcaatgaagattatgtctttgtaaatttcaatttaaaaatattccag
ggtgggcatcgtttatgtgcacctgggagatgatgctcctctctgctctttgctcatattgtttgcgtccagccaagtgtaaattttttgatctttaccctggaaacgatatgccagctttatcggcaagagatggttcaaactcc
cgtgttccgtcattttctcgacgtctatctattgaatatgagccacgaattgctggagtgatgttggagccgccgtcaagaagttcactgagcattactcctagggataaaatagaagacccaacaaccgtatcgtattttgctga
taattttgattctttatcgcaaatccaaggacaataattgaacttcctgccattatttcattgctcaatttacactattcttaactttttgacatgaattaaatctttttaaactgagtctaagcgtattattgtatcgtattttc
cccttctgatgtattcatttacttgtatttttgaaacccatcccagtgatacaactacccaattttcctgtgccatgtttcttgaaacaaatcaaatgtgat!
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C.	  elegans	  SLEEP:	  molecules	  &	  circuits	  	  
	  

graphic	  by	  Chris	  Grove	  [WormBase-‐Caltech]	  

Elly	  Chow	  
Julie	  Cho	  
Cheryl	  Van	  Buskirk	  
Erich	  Schwarz	  
Daniel	  A.	  Lee,	  David	  Prober	  
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Paul Sternberg, Cal tech	




	

Neuropeptide signaling network 
promotes EGF-dependent sleep	


	

 	


	

Sleep dampens sensory response by 

multilevel modulation of a sensory-motor 
circuit	
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Wild-type adult worms are almost constantly moving 

Cheryl Van Buskirk 
Van Buskirk & Sternberg  
Nat Neuro 2007 



EGF expression severely inhibits locomotion 

(no movement unless perturbed)!
Cheryl Van Buskirk 
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hs:EGF induces sleep-like behavior outside of lethargus 
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EGF promotes quiescence during molting via ALA neuron 
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EGF promotes quiescence during molting via ALA neuron 
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EGF signaling mediates stress-induced sleep 
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The single ALA neuron is necessary for	  

EGF-dependent sleep 

~ALA-‐ablated	  animals	  are	  insomniac	  
~Expression	  of	  EGFR	  only	  in	  ALA	  is	  is	  sufficient	  
for	  EGF-‐induced	  sleep	  
~ALA	  synapses	  not	  necessary	  for	  funcQon	  

	  	  
Cheryl Van Buskirk 



Micro-dissection & Transcriptional profiling of single ALA neurons 
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Single	  cell	  RT-‐PCR	  
cDNA	  amplificaQon	  
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Caltech	  Jacobs	  Genome	  Center	  

Elly	  Chow	  Erich	  Schwarz,	  Miriam	  Goodman,	  Mihoko	  Kato	  
Schwarz,	  Kato	  &	  Sternberg	  [PNAS	  2012]	  



Erich	  Schwarz	  

ALA enriched genes: 10 neuropeptide genes	
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Enrichment	


8110	  protein	  coding	  genes	  detected	  in	  ALA	  	  



ALA-‐enriched	  neuropepQdes	  
(>12-‐fold	  over	  whole	  larvae)	  



Validation of expression in ALA neuron	

using enhancers predicted from “ALA motif” 	
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FLP peptides increase response latency	
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receptor mutant block peptide overexpression	
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