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Cloning of the Drosophila raf gene and cDNAs



Comparison of Draf with human c-raf-1



Identification of the Draf mutants



Growth defect of imaginal discs in Draf

Normal y Draf1/Y



Imaginal salivary gland cells are 
reduced in Draf1 mutant

Normal Mutant



Germ cell proliferation is affected in Draf1

Normal male Normal female

Mutant male Mutant female



Different cell cycles are programmed during 
Drosophila development



Draf is required throughout development

<shift-up experiment>
17℃ →  28℃



Temperature-sensitibity of imaginal 
disc growth in DrafE1

20℃ 25℃ 28℃



Twin-spot analysis



Twin-spots in the wing





Draf acts downstream of receptor
tyrosine kinases

Normal Draf1/+ Draf1/Y



X X/Y X DrafC110/BS y+ w+ Y

Screening of Downstream 
suppressors of Draf (Dsor)

EMS

DrafC110/Y





Suppression of the terminal defect of
Draf by Dsor1Su1

Normal Draf1/Draf1 Draf1 Dsor1Su1/Draf1 Dsor1Su1



tailless expression patterns

Normal fs(1)ph/fs(1)ph

fs(1)ph Dsor1Su1/fs(1)ph + Dsor1r1/Dsor1r1





Suppression of sev by Dsor1 and Sos



Egfr2w74/Egfr2w74

Dsor1Su1/+; Egfr2w74/Egfr2w74

Suppression of Egfr by Dsor1Su1





Dsor1 is homologous to hMAPKK







Downstream suppressors of Draf (Dsor)

Dsor1 :   MAPKK (MEK)

Dsor2a :   rl (MAPK)

Dsor2b :   Dsrc42A

Dsor3 :  not identified





Extra R7 cells in rlSu23

Normal rlSu23/+



Extra wing veins in the rl Su mutants

Normal rlSu23/+

rlSu14/+ rlSu23/Df



Signaling cassette of MAPK cascade under 
multiple receptor tyrosine kinases



Mutations suppressed by Dsor1Su1

• Gp9    : sqh (myosin regulatory light chain)

• Gp99  : ttm50

• Gp126: raptor

• Hp126: Dwhn (nude gene homolog)





Growth defects in the ttm50 mutants

y  ttm50IE1/Y

y ttm50IE2/Y y ttm50Gp99/Y



Adult phenotype

Adult phenotypes of a hypomorph of ttm50

Normal ttm50Gp99/Y



Three Tim50-like genes in Drosophila



Sc GCC FACS analysis



The yeast mitochondrial protein translocator complex



Localization (fat body)

Mitochondrial localization of Ttm50

Ttm50-HA



Mitochondrial membrane potential (MMP) in the anterior 

midgut was reduced in ttm50 null mutants

Normal

Mutant



3rd chromosomal enhancers of ttm50Gp99

生

存

率



ttm50Gp99 enhancing deficiencies

X

II

22 36 45 59

61 62 71 98

III



Candidate genes

1. Mitochondrial protein translocators

2. Mitochondrial proteins (cargos)

3. AMPK – TOR system

4. Cell cycle genes

5. Gut function

6. Metabolism

7. mRNA production

8. Protein synthesis

9. Signal transduction

10.Unknown pathway



1. Mitochondrial protein translocators

2. Mitochondrial proteins (cargos)

3. AMPK – TOR system

4. Cell cycle genes

5. Gut function

6. Metabolism

7. mRNA production

8. Protein synthesis

9. Signal transduction

10.Unknown pathway

X

X
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chronologically inappropriate 
morphogenesis (chinmo)

・2L, 22A5-22B1,  late larval lethal

・Evolutionary conserved BTB-Zn finger 
transcriptional repressor

・Target of JAK/STAT signaling pathway

・Inhibit differentiation and maintain stem cell 
renewal
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