
O

O

O

CH2OH

OH

OH

NH2

O

NH2

OH

NH2

OH

O

OH

CH2OH

OCH2NH2

NH2

OH
OH

Hybrimycin C1 

 



 



 



 



 

 



 

 



 

 



H
N

NN
O

MeH

COOMe
HO

O

H
N

NN
O

MeO

NHMe

HMe

O

H
N

N
H

N

OO

Cl Cl
O

OH

OMe
OH

OH

Staurosporine  
from Streptomyces sp. TP-A0274

PKC inhibitor

Rebeccamycin 
from Lechevalieria aerocolonigenes
DNA topoisomerase inhibitor

H
N

N
H

N
H

OO

OH OH

BE-13793C
from Streptoverticillium sp. BA13793

H
N

NN
O

MeO

NHMe

HMe

OHO

UCN-01
from Streptomyces sp.

N

N
H

N

O O

O

OMeHO

HO

O

O

OH

NHMe

AT2433-A1
from Actinomedura melliaura

N
H

N
H

H
N O

K252a 
from Nocardiopsis sp.

K252c
from Nocardiopsis sp.

N N

H
N

O

OO

HO

H3C

HO
COOCH2CH3

Indocarbazostatin A
from Streptomyces sp.

Cl

Me

 





A

B  

O O-P

N N

H
N O

O

NHCH3

H3CO

OH

OHHO

HO

N
H

N

H
N O

O

NH2

HO

N N

H
N O

O

NH2

HO

N N

H
N O

O

NHCH3

HO

N
H

N

H
N O

O

NH2

HO

HO

StaA StaB StaI

StaN

N
H

N
H

H
N O

StaE
O O-dTDP

OH

OHHO

HO
O O-dTDP

OH

OHO

N
H

N
H

H
N

OHHO

O O

N
H

NH2

OH
O

N
H

O

OH
O

StaO
StaD/
RebD

StaP/
RebP

O O-dTDP

OH

OHO

O O-dTDP

OH

OH

StaK
HO

StaJ

StaMA StaMB

N
H

NH2

OH
O

Cl

RebH

R1 R1 R1 R1 R1

R2

RebO

StaC/
RebC

(Indolepyruvic acid: R1=H)
(7-Chloroindolepyruvic acid: 
R1=Cl)

(3  Chromopyrrolic acid: R1=H)
(4  11,11'-Dichlorochromopyrrolic 
acid: R1=Cl)

(5  Staurosporine aglycon: R1, 
R2=H)
(6  Rebeccamycin aglycon: R1=Cl, 
R2=O)

O O-dTDP

OH

OHHO

HO

NH4
+ H2O

N
H

N
H

H
N O

Cl Cl

O

N
H

N

H
N O

Cl Cl

O

O

OH

OHHO

HO

N
H

N

H
N O

Cl Cl

O

O

OCH3

OHHO

HO

REBC

B

A

O O-dTDP

O

HO

O O-dTDP

HO

NH2

N
H

N
H

H
N O

L-Tryptophan

B

C

STA

StaG StaN

5  Staurosporine aglycone 
(K252c)

7  Holyrine A Holyrine B
1  Staurosporine

6  Rebeccamycin aglycone

TDP-Glucose 2  Rebeccamycin

D-Glucose TDP-Glucose

7 11 11'

7

12 13

5' 1'

7

13

1'

RebG RebM

8

9



N
H

COOH
O

Cl

Glucose

N
H

COOH

N
H

COOH
NH2

Cl
NH2

N
H

N
H

H
N

ClCl

O

HO OH

O

N
H

N
H

H
N OO

ClCl

N
H

N
H

H
N O

ClCl

N
H

N
H

H
N OHO

ClCl
N
H

N

H
N OHO

O
OH

OHOH
OH

ClCl

H
N

N
H

N

OHO

Cl Cl
O OH

OMe
OHOH

H
N

N
H

N

OO

O OH

OMe
OH

OH

N
H

N

H
N OO

O
OH

OH OH
OH

ClCl

H
N

N
H

N

OO

Cl Cl
O OH

OMe
OH

OH

RebD RebG

2: Rebeccamycin

RebM

6: Rebeccamycin 
aglycon

9: 4'-O-
Demethylrebeccamycin

RebH RebO RebP RebC

N
H

N
H

H
N

O

HO OH

O

RebG RebM

4: CCA
Tryptophane

N
H

COOH
O

N
H

N
H

H
N OStaP StaC

StaD

StaO

N
H

N

H
N O

O

NH2

HO

N N

H
N O

O

NH2CH3

H3CO

N N

H
N O

O

NHCH3

HO

StaMA StaMB

N N

H
N O

O

NHCOCH3

H3CO

N
H

N
H

H
N O

HO

O O-P

OH
OHHO

HO

StaA
StaB

StaE
StaK

StaMB

StaJ

StaG

StaI

ToxA

1: Staurosporine

7: Holyrine A

3: Chromopyrrolic acid

RebO
RebD

RebP
RebC

RebG
RebM

O O-dTDP

NH2

HO

12: 7-Deoxo-7-
hydroxyrebeccamycin aglycon

13: 7-deoxorebeccamycin 
aglycon

11:7-Deoxo-7-hydroxy-4'-
demethylrebeccamycin

10: 7-Deoxo-7-
hydroxyrebeccamycin

8: 4'-O-
Demethylstaurosporine

15: 3'-demethyl-3'-
acetylstaurosporine

5: K252c

14: 1,11-Dechloro-4'-
demethylrebeccamycin

Glucose

10-hydroxystaurosporine 
aglycon

N N

H
N O

O

NH2

HO

StaN

 



1. Shier WT, Schaefer PC, Gottlieb D, Rinehart KL Jr.,  Use of mutants in the study of aminocyclitol antibiotic 

biosynthesis and the preparation of the hybrimycin C complex Biochemistry. 1974 13(25):5073-8. 

2. Omura S, Sadakane N, Tanaka Y, Matsubara H., Chimeramycins: new macrolide antibiotics produced by hybrid 

biosynthesis.  J. Antibiot 1983, 36(7):927-30. 

3. Hopwood DA, Malpartida F, Kieser HM, Ikeda H, Duncan J, Fujii I, Rudd BA, Floss HG, Omura S.,  

Production of 'hybrid' antibiotics by genetic engineering.  Nature. 1985, 314(6012):642-4. 

4. McDaniel R, Ebert-Khosla S, Hopwood DA, Khosla C., Rational design of aromatic polyketide natural products 

by recombinant assembly of enzymatic subunits., Nature. 1995, 375(6532):549-54. 

5. McDaniel R, Thamchaipenet A, Gustafsson C, Fu H, Betlach M, Ashley G., Multiple genetic modifications of the 

erythromycin polyketide synthase to produce a library of novel "unnatural" natural products.  Proc Natl Acad Sci 

U S A. 1999 96(5):1846-51. Erratum in: 2000  97(9):5011. Proc Natl Acad Sci U S A 1999, 96(10):5890.  

6. T. Ohuchi, A. Ikeda-Araki, A. Watanabe-Sakamoto, K. Kojiri, M. Nagashima, M. Okanishi, & H. Suda,  

Cloning and expression of a gene encoding N-glycosyltransferase (ngt) from Saccarothrix aerocolonigenes 

ATCC 39243.  The Journal of Antibiot. 53, 393-403 (2000). 

7.  Award for Excellence to authors publishing in Bioscience, 

Biotechnology, and Biochemistry. Lechevalieria aerocolonigenes ATCC39243

  vol.78, No.9, p48~49 (2004) 

8. C. Sanchez, A. I. Butovich, F. A. Brana, J. Rohr, C. Mendez, & A. J. Salas,  The biosynthetic gene cluster for 

the antitumor rebeccamycin: characterization and generation of indolocarbazole derivatives.  Chemistry and 

Biology, 9, 519-531 (2002). 

9. H. Onaka, S. Taniguchi, Y. Igarashi, & T. Furumai. , Cloning of the staurosporine biosynthetic gene cluster from 

Streptomyces sp. TP-A0274 and its heterologous expression in Streptomyces lividans.  The Journal of Antibiotics, 



55: 1063-1071 (2002) 

10. 1998 7  

11. H. Onaka, Biosynthesis of heterocyclic antibiotics in actinomycetes and an approach to synthesize the natural 

compounds,  Actinomycetologica, 20: 62-71 (2006) 

12. S. Asamizu, Y. Kato, Y. Igarashi, T. Furumai, H. Onaka, Direct formation of chromopyrrolic acid from 

indole-3-pyruvic acid by StaD, a novel hemoprotein in indolocarbazole biosynthesis, Tetrahedron letters, 47: 

473-475 (2006) 

13. Howard-Jones A. R. & C. T. Walsh: Staurosporine and rebeccamycin aglycones are assembled by the oxidative 

action of StaP, StaC, and RebC on chromopyrrolic acid. J. Am. Chem. Soc. 128:12289-12298, 2006 

14. Howard-Jones A. R. & C. T. Walsh: Enzymatic generation of the chromopyrrolic acid scaffold of rebeccamycin 

by the tandem action of RebO and RebD. Biochemistry. 44:15652-15666, 2005 

15. Nishizawa T,; S. Gruschow, D. H. Jayamaha, C. Nishizawa-Harada & D. H. Sherman: Enzymatic assembly of the 

bis-indole core of rebeccamycin. J. Am. Chem. Soc. 128: 724-725, 2006 

16. Sanchez C,; L. Zhu, A. F. Brana, A. P. Salas, J. Rohr, C. Mendez & J. A. Salas JA: Combinatorial biosynthesis of 

antitumor indolocarbazole compounds. Proc. Natl. Acad. Sci. USA. 102: 461-466 ,2005 


