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Abstract: The phenylacetone monooxygenase, isolated from Thermobifida fusca, mainly catalyzes Baeyer-Villiger

oxidation reaction towards aromatic compounds. Met446 plays a vital role in catalytic promiscuity, based on the structure

and function of phenylacetone monooxygenase. Mutation in Met446 locus can offer enzyme new catalytic feature to

activate C—H bond, oxidizing indole to finally generate indigo and indirubin, but the yield was only 1.89 mg/L. In order to

further improve the biosynthesis efficiency of the whole-cell catalyst, metabolic engineering was applied to change glucose

metabolism pathway of Escherichia coli. Blocking glucose isomerase gene pgi led to pentose phosphate pathway instead of

the glycolytic pathway to become the major metabolic pathways of glucose, which provided more cofactor NADPH needed

in enzymatic oxidation of indole. Engineering the host E. coli led to synthesis of indigo and indirubin efficiency further

increased to 25 mg/L. Combination of protein and metabolic engineering to design efficient whole-cell catalysts not only

improves the synthesis of indigo and indirubin, but also provides a novel strategy for whole-cell catalyst development.
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Fig. 1 Biosynthesis of indigo and indirubin by indole oxidization pathway.
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monooxygenase CHMO) L(-)-Tryptophan Acros Organics
Oxoid Company Ltd KOD
[19] Tag DNA Toyobo DNA
[20] marker Protein marker Dpn |
NADPH Fermentas ( ) Thermo Fisher
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100 mL (0.17 mol/L KH,PO,
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) 37 °C
446
19
1.3.3
10 uL 5mL 100 pg/mL
LB 1%
200 mL TB (
) 0.01% L-
37 °C 220 r/min 24 h
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Table 1 Primer name and primer sequence

Primer name Primer sequence (5'-3")

M, CTCAGCAACNNKCTGGTCTCT
M, AGAGACCAGNNKGTTGCTGAG
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Fig. 2 Analysis of indigo and indirubin by thin-layer
chromatography. Lane 1 is the sample, M1 and M2 are
indigo standard and indirubin standard, respectively.
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E. coli
TOP10 (pPAMO) M446A 6 h 12 h
6 12 18 24 36 42h 36 h (0.3 mg/L)
3 6h

R2 M4A46A BEFM BRI =S
Table 2 Major compounds in the culture of M446A 2.2 MEMFIZRTSK

mutant
C d Struct Retention time / Met446Gly
ompounds ructure (min) il o
Indol 16.4 118
ndole @ 446 Met Ala PAMO
N
H
Isatin O 6.6 148
O
N
H
Indigo o) ﬁ 243 263
0:1%39;) 19
H O
Indirubin 0 42.8 263 Top10 24 h
NH
HO 618 nm 549 nm
i —=—Indigo - HPLC
1.2+ —e—Indirubin
5 1.0F
Eos
b -
Z 067
Q
§ 0.4t
=02 M446A  M446G M446C
0.07 M446S
0 10 20 30 40 50
¢ (h)
4 Metd46

3 EEIEEFOEE ELIH0AE B RE A (8] 35 1k Y B 2%
Fig. 3 The production profile of indigo and indirubin
during the growth process of E. coli TOP10 (pPAMO)
muant M446A.
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C4a
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2.3 AMNAETMAYIRIRESEEEF R ELN = [26]

ARG 4 mmol/L

20 me 4.5 8.43 mg/L
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Table 3 Effect of tryptophan on the production of
indigo and indirubin
L-trytophan  Indigo Indirubin Yield of indigo and
(mmol/L) (mg/L) (mg/L) indirubin (mg/L)

0 1.51 0.38 1.89

[26] 1 431 1.22 5.54

2 5.16 1.47 6.62

3 5.78 1.87 7.66

4 6.28 2.15 8.43

TB 5 5.58 1.57 7.16
6 4.47 1.49 5.97
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3
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NADH ATP 6
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Fig. 5 Glucose metabolism pathway in E. coli. E. coli utilizes glucose to produce cofactor NADH through
glycolysis pathway, and produce NADPH by pentose phosphate pathway (PP) pathway. Metabolizing one molecule

of glucose by PP pathway yields two molecule of NADPH.
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