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Microbial Biosynthesis and Biotransformation of Indigo and
Indigo-like Pigments
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Abstract: Indigo and indigo-like pigments are widely used in the industry of textile, food and medicine. Now people pays more and
more attention to developing an alternative method of indigo production which is “environment-friendy”, especially microbial
biosynthesis of indigo. Many microorganisms involved in the biosynthesis of indigo have been isolated and characterized, and
monooxygenase and dioxygenase have been identified to catalyze indigo biosynthesis. Some genes encoding for these enzymes have
been cloned and used to construct “engineering bacteria”. With this kind of bacteria, more efficient fermentation systems for indigo
production have been exploited. In the meantime, biotransformation of the indigo produced by microorganisms has been under
investigation. These progresses will bring us a greener method of indigo and indigo-like pigments production.
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Fig. 1 The biosynthesis of indigo from indole
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Table 1 Monooxygenase involved in indigo production

Name

Sources

Reference

Xylene oxygenase
Toluene-4-monooxygenase
2-Naphthoic acid oxygenase
Monooxygenase

Styrene monooxygenase
Cytochrome P450 monooxygenase Human
Fatty-acid hydroxylase P450 BM-3
Cytochrome P450 2A6

2-hydroxybiphenyl 3-monooxygenase

Human

Flavin monooxygenases

Pseudomonas putida MT53
Pseudomonas mendocina KR1
Pseudomonas 2-NAT

Rhodococcus sp.(NCIMB 12038)
Pseudomonas putida S12 and CA-3

Bacillus megaterium

Pseudomonas azelaica HBP1

Methylophaga sp. strain SK1

Keil et al, 1987

Yen et al, 1991

Sun et al,, 1995
Allen et al., 1997
O’Connor et al, 1997
Gillam et al, 1999

Li et al, 2000
Nakamura et al, 2001
Meyer et al, 2002
Hack et al, 2003

Cytochrome P450 BM-3 mutant Bacillus megaterium Lu et al,, 2006
Fz2 fEAEAEENEENINEE
Table 2 Dioxygenase involved in indigo production
Name Sources Reference

Naphthalene dioxygenase

Toluene dioxygenase

Pseudomonas putida PpG7

Pseudomonas putida F1

Ensley et al, 1983
Zylstra et al, 1989

Naphthalene dioxygenase

Tetralin dioxygenase

Pseudomonas sp. and Bacillus breuis

Sphingomonas macrogolitabida Strain

Wau et al, 1989
Moreno-Ruiz et al., 2005
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Fig. 2 Recombinant E. coli with blue colonies (left) and pure
indigo freshly extracted from the blue colonies (right)
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