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Part III: Erythromycin Biosynthesis
Biochemical Approaches

Chaitan Khosla
Stanford University

In vitro Reconstitution of the 6-
deoxyerythronolide B synthase
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Pieper, et al Nature (1995) 
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Diffusive Mode Assay

Channeling Mode Assay

Assays to Probe Polyketide Synthases 

Pieper et al J. Am. Chem. Soc. (1995) 
Wu, et al J. Am. Chem. Soc. (2001)
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Module 2 Module 3+TE

KS AT KR ACP KS AT ACP TE

Module 2 Module 3+TE

KS AT KR ACP KS AT ACP TE

Module 2

KS AT KR ACP

Module 3+TE

KS AT ACP TE

kcat = 0.3 min-1

KD = 1.1 �PM

kcat = 0.7 min-1

KD = 2.1 �PM

kcat < 0.03 min-1

kcat < 0.03 min-1

Module 2

KS AT KR ACP

Module 3+TE

KS AT ACP TE

Role of Protein-Protein Interactions in Chain Transfer  

Tsuji, et al Biochemistry (2001) 
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Wu, et al J. Am. Chem. Soc. (2001)

4.6

0.2

17.1

0.3

0.02

2.4

Module 2

Module 5

Module 6

kcat  (min-1)

O

S-NAc

OH O

S-NAc

OH

6.7

8.4

10.0

0.9

0.5

3.3

R R

Diffusive  Channeling Diffusive  Channeling

Kinetic Benefits of Linker Mediated Channeling 

Wu, et al J. Am. Chem. Soc. (2001)
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Wu, et al J. Am. Chem. Soc. (2001)
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Visualizing The Synthase

Tsai, et al PNAS (1999)
Broadhurst, et al Chem. Biol. (2003)
Tang, et al PNAS (2006)
Keatinge-Clay, et al Structure (2006) 
Tang, et al Submitted
Alekseyev, et al Submitted

The Pieces

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.
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6-Deoxyerythronolide B Synthase

Khosla, et al Annu. Rev. Biochem. (2007) 
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Lau, et al Biochemistry (1999) 

Limits to Modularity of Polyketide Synthases 

Substrate kcat kacyltransfer kcondensation
min-1 mM-1 min-1 min-1

Methylmalonyl 0.7 400 0.8

Malonyl - <0.01 0.7

Methylmalonyl 0.03 280 0.02

Malonyl 0.04 350 0.03

KS AT KR ACP TE

KS AT KR ACP TE

KS AT KR ACP TE

KS AT KR ACP TE

Limits to Modularity of Polyketide Synthases 

Hans, et al J. Am. Chem. Soc. (2003) 

Linkers, Linkers, Linkers 

Tang, et al PNAS (2006) 

KSKS ATAT DHDH ERER KRbKRb ACPACPKRaKRa

Post-AT 
Linker

Limits to Colinearity

Chen, et al Chem. Biol. (2007) 
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Chen, et al Chem. Biol. (2007) 



Chaitan Khosla, May 2007 Polyketide Biosynthesis: The Erythromycin 
Example, Part 3

The American Society for Cell Biology. 4

KSKS ATAT DHDH ERER KRbKRb ACPACPKRaKRa

1 2

Post-AT 
Linker

Limits to Colinearity

Chen, et al Chem. Biol. (2007) 
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Chen, et al Chem. Biol. (2007) 

ACP Domains are Homologous but Different 

M3MF:  Vo vs. [ACP]o
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ACP Domains are Homologous but Different
(Esp. During Chain Elongation)

Chen, et al J. Am. Chem. Soc. (2006) 

Better Engineering Through Education  

KS
+AT

+ACP 

KS
+AT
+ACP
+KR

Unreduced 
polyketide Reduced 

polyketide

Chen, et al J. Am. Chem. Soc. (2006) Khosla et al., Annu. Rev. Biochem. (2007) 

A Better Cartoon?
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Looking Forward

• Converting pictures into movies
• Engineering fast steps => avoid 

incompatible proteins
• Engineering slow steps => more 

challenging
• Evolution => useful tool for engineering
• Evolving new antibiotics => requires 

better understanding of connection 
between antibiotic chemistry & biology


