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Mutation breeding of high 9a-hydroxy-androst-4-ene-3,17-
dione transforming strains from phytosterols and their
conversion process optimization

Yang Ma', Xiangdong Wang', Menghui Wang', Hui Li', Jinsong Shi', and Zhenghong Xu?

1 School of Pharmaceutical Science, Jiangnan University, Wuxi 214122, Jiangsu, China
2 School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: In order to improve transformation efficiency of phytosterols into 9a-hydroxylation of 4-androstene-3,17-dione
(90-OH-AD) by Mycobacterium sp. LY-1, we studied the strains breeding using atmospheric and room temperature plasma
(ARTP) technology and optimized their conversion process. A high production strain named C33 with a good genetic
stability was selected and the product molar yield reached to 15.5%, 34.8% higher than that of original strain with 15 g/L
phytosterols. Furthermore, the fermentation medium was optimized through the design of orthogonal experiment. Besides,
oil-water bidirectional transformation system was set up to improve the 90-OH-AD molar yield of mutant strain C33. With
adding 12 mL soybean oil to each 1 g phytosterols, the molar yield of 9a-OH-AD reached 47.0%, which increased twice
than that of control (15.5%).

Keywords: Mycobacterium sp., phytosterol, 9a-OH-AD, atmospheric and room temperature plasma, biotransformation

[2-4]
[10-13]
[5-7]
90- 4- 3.17- (9a-OH-AD)
[14] 90,
F Cl
(
) [15]
(8] 90-OH-AD
90-OH-AD

@ 010-64807509 P{ cjb@im.ac.cn



1200

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech July 25,2017 Vol.33 No.7

90-OH-AD Mycobacterium sp.
LY-1
90-OH-AD
1 AR5
11 #
1.1.1
Mycobacterium sp. LY-1
1.1.2
(B- 47.0% 24.6%
15.5% 3.4%)
90- -4- -3,17-
(9a-OH-AD)
98.0%
1.1.3
PDA (g/L) 200
20 20
(g/L) NaNO; 5.4 15
2 (NHy4),HPO4 0.6
(g/L) NaNO; 5.4 20
(NH,4),HPO4 0.6 15 pHS8.0
1.2 FE
1.2.1
PDA
120 r/min 30 C 72 h
1.2.2
100 mL
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30 C 120 r/min 72 h
0.01 mL
ARTP
(15-2105s)
1 mL EP
7 d
wE =
S Fr _ A AR ¥
Xf # mEZ” é&xloo%
% K
1.2.3 Mycobacterium sp. LY-1
ARTP
ARTP PDA
10 mL/50 mL
90-OH-AD
1.2.4
9a-OH-AD
PDA 7d
120 r/min 30 C
72 h 7d 9a-OH-AD
PDA
7d
5 9a-OH-AD
1.2.5
75 C
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W] 1 mL
12 000 r/min 3 min
3
w, W, W 1 mL
1.2.6
0.5 mL
6
8 0.22 um
HPLC
1.2.7
(HPLC)
0.5g/L  9a-OH-AD
Agilent TC-C18 (4.6 mmx

250 mm 5 um) /(73 )

30 'C 254 nm 0.5 mL/min

10 puL

=(CyxMy)/(CxM,)x100%
=(CC)/C;x100%

Cs DHEA (g/L) C
(g/L) M,
(g/mol) M, (g/mol)
1.2.8
3 3
(D
1.0%
30 C 120 r/min 7d
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Fz1 EXREIT
Table 1 Orthogonal test design

NaNO; Corn steep liquor (NH),HPO,
Levels _ (g/L) (gL (gL
A B C
1 4 15 0.4
2 5 20 0.6
3 6 25 0.8
1.2.9
lg 16 mL
5
9a-OH-AD
lg
4 8 12 16 20mL 30°C
120 r/min 7d
HPLC 90-OH-AD

2 BREQN

2.1 S FAFHE Mycobacterium sp. LY-1 B ARTP
R

2.1.1
Mycobacterium sp. LY-1
ARTP
1
ARTP
150 s
98.0% 180 s
150 s
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2.1.2 2.1.3
ARTP 150 s C33
PDA 7d 4 5
150 90-OH-AD 1
23 22 RTEHRBOHUIEMHL
8 C3 Cl12 C21 C25 2.2.1
C27 (C33 C39 (49 C33
9a-OH-AD 15.5%
105
(NaNO3
100 1
(NH4),HPO,)
95}
X
> 90t 5
= 9a-OH-AD Lo(3)
£ 85
3
801
2
75+¢
70 R (NH),HPO,
0 30 60 90 120 150 180 210
t(s)
NaNO3
B RESENEE OB E ABiC,  NaNO; 5 gL 25 g/L
Fig. 1 The lethality of the cells in different mutagenic (NH),HPO, 0.6 g/L 90-OH-AD
time.
2.2.2
S 9a-OH-AD
=
)]
<
jas)
Q
& [16-17]
C33 5
Control C3 C12 C21 C25 C27 C33 C39 C49 - 90-OH-AD
The dominant mutant strains
2 HRHREEHML 6 9o-OH-AD 7d
Fig. 2 Screening of dominant mutant strains. 43.0%
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Fig.3 Detection of the product by HPLC (A: 9a-OH-AD standard, B: original strain LY-1, C: mutagenic strain C33).
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201
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Fig. 4 Genetic stability of mutant strain C33.

#2 EXREER

Table 2 The results of orthogonal test

Group A B 9;;01;{(-:2 ;)
1 1 1 1 13.71
2 1 2 2 13.88
3 1 3 3 12.44
4 2 1 2 15.42
5 2 2 3 11.81
6 2 3 1 14.61
7 3 1 3 12.89
8 3 2 1 9.56
9 3 3 2 15.06
Average 1 1.48 1.55 1.40
Average 2 1.55 130 1.64
Average 3 1.39 1.56 1.37
Mean square (R) 0.16 0.26 0.27
9a-OH-AD
lg

12 mL 9a-OH-AD

47.0%
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Fig. 5 Screening of oil in biphasic system.
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Fig. 6 Batch conversion process of oil-water biphasic
system with C33.
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Fig. 7 Effects of different soybean oil concentrations
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3 &%

Mycobacterium
sp. LY-1
(ARTP)
1
90-OH-AD C33
NaNO; 5 g/L 25 g/L
lg 12 mL
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9a-OH-AD 47.0%
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