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Fly neurogenesis
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Mutations in Drosophila led to molecular analysis of neurogenesis

Proneural mutants have no neuroblasts

Wild type
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Crystal Structure of FA7—NeuraD] Reta2 bHILH Domin-DNA Complex:
Heterodimer Selectvity and DNA Recognition'+

5 -... CAGATG ...- 3/
3’ =...GTCTAC ...- 5"

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.

w

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

>

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)

o

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

B

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

~

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

+ neuroD

N-CAM
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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

Lateral
Basic Helix-1 Loop Helix-2 Phenotype

Mash1
Mash1(MyoD B)
Mash1(MyoD HLH)
Mash1(MyoD H1)
Mash1(MyoD L)
Mash1(MyoD H2)
Mash1(NR-AQ)
MyoD
MyoD(Mash1 B)

MyoD(Mash1 HLH)
B oot o)
+ Mash1(x) +MyoD (x)

wT (MyoD B) | (MyoD HLH) WT (Mash1 B) | (Mash1 HLH)
B c H J e,

iy
+

L ++1

4

Nakada et al, 2004

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

A Basic Helix 1 Loop Helix 2

A/B from Nakada, Y. et al. Development 2004;131:1319-1330
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Cerebral cortex histogenesis
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Schuurmans et al, 2004 EMBO J

Correlation between early/late generated neurons and excitatory/inhibitory neurons?
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4
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Ngn2 for excitatory neurons/Mash1 for inhibitory neurons
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Schuurmans et al, 2004 EMBO J




Ngn2 for excitatory neurons/Mash1 for inhibitory neurons

<El14.5
Ngnl/2
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VGLUT2
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Schuurmans et al, 2004 EMBO J

Ngn2 for excitatory neurons/Mash1 for inhibitory neurons

<El14.5
Ngnl/2
( ? Mashl
NeuroD
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Nscll DIx2 Dixl
Math2
Math3 | |
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c
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GABA/GT

B ¥gn2 KO s wild-ype
Vgn!:Ngn2 KO vs wild-type
Vgn2;Mashl KO vs wild-type

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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SIGNAL-SENDING CELL
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Robustness, Flexibility, and the Role of Lateral
Inhibition in the Neurogenic Network

Eli Meir,'2* George von Dassow,'2 Edwin Munro,t
and Garrett M, Odell't
TFriday Harbor Laboratories

AcCell | Cell-Cell | A Neighbor
Interface

10



Notch pathway

Notch
Nee ol oi  Asdt
DIl csL
Notch Hes1/5
Progenitor Progenitor

<
0

Hes consensus in bHLH promoters of diverse organisms

1234567809101 Dmo GCAGCC GGCACGCGAC AGCGAC
D\

Drosophila melanogaster

ac
| —

Anopheles gambiae
oASH

T —

Danio rerio
o [ASHA

Mus musculus
Asclt
—

T

achaete/scute
Dm GCAGCC GGCACGCGAC AGGGCC
Da GCAGCC GGCACGCGAC TTCAGT
Dp GCAGCC GGCACGCGAC AGTCCC

GGGGCC GGCACGCGAC AGCAAC
A GARTGC GGCACGCGAC CGGCT(
16 G

GCACGCGTC CCTG
Bm GCGTCC GGCACGCGEC CCACCG Xt
G TATC [

neurogenin

Am  Accece
TCGTC

P
GGCACGCGCT CCAGCG G GGCGCT GGCACGCGCC CGGGCE
Bf Gt

GGCACGCGAC ACTCTT
GCACGCGAC TGACTT

Sma AGCATT GACACGCGTC TTTTTA

Notch inhibited:
neuronal differentiation
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DIl
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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)

10uM DAPT 1.0uM DAPT control

o

...

Cellular changes

DAPT

Nelson et al, Dev Biol 2007
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Notch inhibited:
neuronal differentiation
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Inhibitory Notch signaling restricts cell fates

®

los}
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Mutual inhibitory Lateral'inhibitory  Cell fate restricted | Loss of N signaling Gain of N signaling

C E

wild-type] gain N sig.|
D F

loss N sig. loss N sig.

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

Development

Comparison of Drosophila and vertebrate proneural/Notch pathway
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