
4/5/10 

1 



4/5/10 

2 



4/5/10 

3 

Fly neurogenesis	



•  Neurogenic region of embryo 
•  External sensory organs-chaete 
•  Internal sensory organs-chordotonal 
•  Specialized imaginal discs-eg. eye	



External sense organ development 
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Proneural mutants have no neuroblasts 

Mutations in Drosophila led to molecular analysis of neurogenesis 

bHLH genes

1. Present in all animals, plants, and yeast, but absent in prokaryotes

2. The bHLH domain is about 60 amino acids long, with a basic DNA binding
domain, and a dimerization domain comprised of two alpha-helices
separated by a variable loop region.

3. Form several families, Groups A-D, that are involved in cell cycle
regulation (c-myc) and tissue specific transcriptional regulation (MyoD1).

4. Group A: tissue specific regulators like proneural genes or myogenic
determination genes, bind E-boxes (CANNTG) as heterodimers with other
E-proteins (E12 or daughterless)

5. Group B: cell cycle regulators, like Myc and Max, as well as the hairy/Hes
proteins, bind to N-boxes (CANNCG)

6. Group C: contain an additional domain, the PAS domain and are called
bHLH-PAS proteins; these include Period and the dioxin receptor and bind
to NCGTG

7. Group D: these lack a basic domain and act as antagonists to bHLH
activity (Id/Emc)
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Posakony	



Vertebrate Proneural Genes 

Many different family members. 

Expressed in both progenitors and differentiated neurons. 

Necessary and sufficient for neuronal diversity? 

Jackie Lee and Dave Turner showed that overexpression of 
NeuroD in frog embryos led to expansion of the nervous system	





4/5/10 

6 

Over-expression 
of Neural bHLH 
genes in the neural 
tube promotes 
neuronal differentiation	



Nakada et al, 2004	



Domain swapping experiments show what part of the  
bHLH sequence is required for neuronal differentiation	



Nakada et al, 2004	



Subclass-specific amino acid residues are on an external surface of the dimer 



4/5/10 

7 

Cerebral cortex histogenesis	



Schuurmans et al, 2004 EMBO J!

Correlation between early/late generated neurons  and excitatory/inhibitory neurons?	



Ngn2 for excitatory neurons/Mash1 for inhibitory neurons 

Schuurmans et al, 2004 EMBO J 
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Ngn2 for excitatory neurons/Mash1 for inhibitory neurons 

Schuurmans et al, 2004 EMBO J 

Ngn2 for excitatory neurons/Mash1 for inhibitory neurons 

Schuurmans et al, 2004 EMBO J 

Schuurmans et al, 2004 EMBO J 
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Notch pathway and 
neurogenic mutants 

Neurogenic mutants have too many neuroblasts 
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Hes consensus in bHLH promoters of diverse organisms	
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Inhibition of Notch signaling with DAPT, a gamma-secretase
 inhibitor (7 {N-[N-(3,5-difluorophenacetyl)-  l-alanyl]-S
-phenylglycine t-butyl ester) 

Nelson et al, Dev Biol 2007	



DMSO	



DAPT	
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Lai, E. C. Development 2004;131:965-973 

Inhibitory Notch signaling restricts cell fates 

Comparison of Drosophila and vertebrate proneural/Notch pathway  
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