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Heterologous expression and substrate specificity of
ketoreductase domain in bacillaene polyketide synthase

Xiaohui Sun*?", Chengchuan Che'", Junjie Ji?, Jianting Zheng?, and Ge Yang*

1 Collage of Life Sciences, Qufu Normal University, Qufu 273156, Shandong, China
2 State Key Laboratory of Biochemical Engineering, Institute of Process Engineering, Chinese Academy of Sciences, Beijing
100190, China

Abstract: The ketoreductase (KR) domain in the first extending module of the polyketide synthase (PKS) catalyzes the
reductions of both an a-keto group and a f-keto group in the biosynthesis of bacillaene, suggesting the intrinsic substrate
promiscuity. In order to further investigate the substrate specificity, the KR domain (BacKR1) was heterologously
overexpressed in Escherichia coli. In vitro enzymatic analysis showed that only one of the four diastereomers was formed
in the reduction of the racemic (+)-2-methyl-3-oxopentanoyl-N-acetylcysteamine thioester catalyzed by BacKRI1. In
addition, BacKR1 was revealed to catalyze the reductions of cyclohexanone and p-chloroacetophenone, indicating the

potential of KR domians of PKSs as biocatalysts.
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Fig. 1 Ketoreduction reactions catalyzed by ketoreductases
(KRs)*'". (A) KRs are grouped into four types
according to the stereochemistry of reduced products.
(B) BacKR1 catalyzes the reductions of both o and
keto groups in the biosynthesis of bacillaene.
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Fig. 2 The synthesis and reduction of (+)2-methyl-

3-oxopentanoate N-acetyl cysteamine thioester'' ).
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Fig. 3  Purification of BacKR1. (A) Analysis of
BacKR1 by gel filtration chromatography. (B)
SDS-PAGE analysis of purified BacKR1. 1: marker; 2:
nicolumn purification; 3: gel filtration.
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Fig. 4 The reduction of (+)-2-methyl-3-oxopentanoate
N-acetyl cysteamine thioester catalyzed by BacKRI.
(A) The stereospecificity of BacKR1. The glucose
dehydrogenase (GDH) was used to regenerate the
NADPH. (B) The separation of products by normal
phase chiral column. The stereochemistry of reduced
product was revealed by comparing to the standards.

cjb@im.ac.cn



1360 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech September 25,2015 Vol.31 No.9

2.3 FREEATR

KR (18]
[6-7] bacillaene
BacKR1 B 3 ‘I'Tj— %
o [10] KR
1 KR
2- 8 [20]
(95 NADPH KR
BacKR1
(D EryKR1 KR
) 0] o)
é (j)k ©)V Al KR A2 B
Cyclohexanone Acetophenone  Propiophenone KR

0 O o
1-(4-fluorophenyl) ethanone
1-(4-chlorophenyl) ethanone Octan-2-one
(¢}

. 0 0 (
Oy oA ) - P

2-0x0-3-phenylpropanoic acid Ethyl 3-oxobutanoate

[11]
5 KSR RANIERARELEY v (
Fig. 5 Ketone compounds investigated in this study. MOP-NAC) KR
KR

&1 @i NADPH B9 # E 2 B BacKR1 HYE 1+

Table 1 Activities of PksKR1 toward non-polyketide-

like substrates determined by NADPH-linked assays EryKR2 4

Specific activity (U/mg)* (5] KR
Substrate BacKR1 EryKR1™
y

Cyclohexanone 0.007+0.000 4  0.05+0.01 * P

Acetophenone ND ND 11 KR
Propiophenone ND 0.006+0.001 5 KR
4-chloroacetophenone  0.003+0.000 3 ND
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Ethyl 3-oxobutanoate ND 0.02+0.004 (28,39)- A2
"‘One. unit of activity is defined as the am(?unt of BacKR1 KR AmpKR1
required to produce 1 pmol product per minute. “ND””: no
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