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Atmospheric and room temperature plasma breeding and medium
optimization of avermectin producing strains

TIAN Ping-Ping CAO Peng CHANG Chuan-You HU Dong ZHANG Jian GAO Qiang"

(Key Laboratory of Industrial Fermentation Microbiology, Ministry of Education, College of Biotechnology,
Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: [Objective] To improve avermectin yield, mutants of Streptomyces avermitilis 9-39 were
screened and the fermentation medium was optimized. [Methods] Atmospheric and room temperature
plasma (ARTP) technology was used to treat the spores of S. avermitilis 9-39. The method of
streptomycin and kanamycin resistance combined with 96 deep-well plate screening was used for
high-throughput screening of high-yielding mutants. Furthermore, based on single factor experiments, the
fermentation medium for mutants was optimized by response surface methodology. [Results] A stable
avermectin high-producing mutant K-1A6 was obtained and its avermectin production reached 4.22 g/L,
23.4% higher than that of the parent strain 9-39. Under the optimized medium fermentation, the yield of
avermectin reached 5.36 g/L, 27.01% higher than that before optimization. [Conclusion] The yield of
avermectin can be increased by ARTP mutagenesis, screening and fermentation medium optimization.
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DNA
4 -10
[4-51 ARTP
[6-8]
[9]
[10-12]
S.
avermitilis 9-39 ARTP

1 MRS 7%

11 #H

1.1.1 E=Fh: (Streptomyces avermitilis)
9-39

1.1.2  EE K7 F0LEE:

CoCly'6H,O0  (NH4),SO4
Na,Mo042H,0 MnSO4-H,0 PEG6000
CaCO; CH3;CH,COONa
B,
( >99.9%) Sigma
ARTP-II
Agilent 1200 (High

Performance Liquid Chromatography HPLC)
LRH-250A
ZWYR-D2403

1.2 EFEMEHFEFRTE

MS (g/L) 20.0
20.0 20.0 1x10°Pa 20 min
YMS (g/L) 4.0
4.0 10.0 CoCly,6H,0 0.005
200 pH7.2 1x10°Pa 20 min
(g/L) 30.0
8.0 10.0 4.0 CoCly'6H,0
0.03 pH6.86-6.90 1x10° Pa 25 min!"!
(g/L) 150.0
28.0 9.0 (NH4)S04 0.25 CoCly'6H,0

0.02 Na;MoO42H,0 0.022 MnSO,H,0 0.002 3
CaC0;0.8 PEG60002.0 CH;CH,COONa 2 mmol/L
pH 7.45-7.50 1x10° Pa 25 min B,
0.1 g/L
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1.3 iFTHE
131 EEEREBEFRIFLAZE: ARTP-I
10 L/min
115 W
2 mm 10 pL 1x10°  /mL
1.3.2 iFTHIE:
400 pL
96 28 °C 10d 1 mL
20 min  0.22 um
HPLC
133 ETEiH: S. avermitilis 9-39
(CK) 15%

1.3.4 XRTHBEEMRE:
YMS
10 2 4 6 8 10

1.4 SWHAE
141 [IERERNTENESE: HPLC (4]
142 FTHILHMZERINE:

1x10°  /mL
ARTP 10 30 60
100 150 s 1.6 mg/L
0.4 mg/L MS 28 °C
4 d
(CFU)
=( - )
x100%
= /
x100%
143 MEFRPEBEENFEFBERRENH
E: 1x10°  /mL
MS
28 °C 4d

90%-95%
5%

1.5 AEBIEFEMNMIL
1.5.1 Plackett-Burman i%it:
Plackett-Burman

1 ( 4

Plackett-Burman
1

Minitab 16.0

1.5.2 sBEMCIIKLG:

1.5.3 Box-Behnken i®I%:

% 1 Plackett-Burman X35 [ &K K 4mhg

Table 1 Factors and levels of Plackett-Burman design

Levels
Code Factors -1 0 1
Xi CH;CH,COONa (mmol/L) 1.4 2.0 2.6
X5 PEG6000 (g/L) 1.4 2.0 2.6
X3 B (g/L) 0.07 0.10 0.13
X Soya flour (g/L) 20.0 28.0 36.0
Xs Yeast extract (g/L) 6.3 9.0 11.7
X7 Na;Mo0O42H,0 (mg/L) 154 22.0 28.6
Xo MnSO4H,0 (mg/L) 1.61 2.30 3.00
X0 CoCl, (mg/L) 14.0  20.0 26.0
X,  CaCO; (g/L) 0.56 0.80 1.04
X3 Comnstarch (g/L) 113 150 187
Xis (NH4)2S804 (mg/L) 175 250 325

% 2 Box-Behnken {38 [E &K T & 4 AL

Table 2 Factors and levels of Box-Behnken design

Levels
Code Factors -1 0 1
% Yeast extract (g/L) 4.9 62 7.6
X, Soya flour (g/L) 16.0 20.0 24.0
X5 Corn starch (g/L) 160 180 200

Xi;  (NHy),S04 (/L) 0.140 0.175 0215

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



153

Minitab 16.0

2 HRG50M
2.1 HMMFRPEHSRMEBERRENHE
1
1.6 mg/L
3% 1.6 mg/L

0.2 mg/L

85%
0.4 mg/L 3%
0.4 mg/L

2.2 ARTP iET
2.2.1 ARTPIFZH E IR E: 2

ARTP 30 s

120 ¢
100
80
60
40 ¢

Survival rate (%)

20

—

O.IO 0.I4 018 l.l2 l.l6 2:0
Streptomycin concentration (mg/L)

120 ¢

100 |

80 -

60

40+

Survival rate (%)

20

—

00 02 04 0.6 0.8 1.0
Kanamycin concentration (mg/L)

B 1 @#BERQFMFBRERB)MMLERSERHIC L
Figure 1 The lethality rate curves at different
streptomycin (A) and kanamycin (B) concentrations
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Figure 2 Positive mutation rate at different mutagenesis times
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Note: A: Streptomycin resistant screening; B: Kanamycin
resistant screening.
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Figure 3 Avermectin production of the streptomycin resistant mutants and original strain in 96 deep-well plate by 10 d
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% ok
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Figure 5 Rescreening of avermectin overproduction
mutants 5.28 g/L
A B . 3 3
Note: A: Streptomycin resistant mutants; B: Kanamycin resistant
mutants.
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% 3 Plackett-Burman % it 8% & 2= 7K F K Mg iz 3=

Table 3 Experimental design and response results of Plackett-Burman design

X X7
Run serial number AVM (g/L)
1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -l 4.50
2 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 -1 1 5.17
3 1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 3.19
4 1 -1 -1 1 1 -1 1 o=l =l =1 =l 1 -1 1 4.79
5 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 -1 1 1 2.06
6 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 2.66
7 1 1 1 1 -1 -1 1 1 -1 1 1 -1 -1 -1 -1 5.47
8 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 -1 2.65
9 1 [ 1 o=l =1 =1 =i | =i 1 -1 1 1 1.96
10 1 1 -1 -1 1 1 -1 1 1 -1 -1 -1 -l 1 -1 1.21
11 =I 1 1 -1 1 1 -1 -1 -1 -l 1 -1 1 -1 1 1.40
12 1 -1 1 1 1 1 -1 -1 1 1 -1 1 1 -1 -1 1.90
13 -1 -1 1 1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 2.15
14 =1 1 -1 1 -1 1 1 1 1 -1 -1 1 1 -1 1 5.30
15 1 -1 1 -1 1 1 1 1 -1 -1 1 1 -1 1 1 1.02
16 -1 -1 1 -1 1 -1 1 1 1 =l = 1 1 -1 4.77
17 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 2.73
18 -1 1 1 1 1 -1 -1 1 1 -1 1 1 -1 -1 -1 2.11
19 -1 1 -1 1 1 1 1 -1 -1 1 1 -1 1 1 -1 1.36
20 1 1 1 -1 -1 1 1 -1 1 1 -1 -1 -1 -1 1 4.96

% 4 Plackett-Burman iR 58 & 2= 7K T 5 3 52 4

Table 4 Factor levels and effect estimates of Plackett-Burman design

t P
Code Factors t value P value Significant

Xi CH;CH,COONa (mmol/L) —-0.52 0.629 NS
Xz PEG6000 (g/L) —-0.99 0.376 NS
X B (g/L) —0.69 0.525 NS
X4 —-0.26 0.805 NS
Xs Corn starch (g/L) 4.61 0.010 +
Xs Yeast extract (g/L) —4.37 0.012 +
Xz Na;MoO42H,0 (mg/L) 0.89 0.423 NS
X3 1.78 0.150 NS
X MnSO4H,0 (mg/L) 1.49 0.210 NS
Xio CoCl; (mg/L) -2.31 0.082 NS
Xu CaCoOs (g/L) —-1.99 0.118 NS
X2 0.04 0.970 NS
Xi3 Soya flour (g/L) -3.27 0.031

Xia (NH4)2S04 (g/L) —4.95 0.008

Xis 1.20 0.295 NS

+ (P<0.05) NS
Note: +: Significant (P<0.05); NS: Not significant.
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Table 5 Experimental design and results of steepest ascent experiments

(X1 (X2) (X3) (Xa)
Serial number Yeast extract (g/L) Soya flour (g/L) Corn starch (g/L) (NH4).SO4 (g/L) AVM (g/L)
1 8.9 28 150 0.250 427
2 7.5 24 165 0.210 4.81
3 6.2 20 180 0.175 5.28
4 4.9 16 195 0.140 4.66
5 35 12 210 0.100 3.77
2.3.3 Box-Behnken iXI&i%it: (NH4),8040.245 g/L
5.36 g/L 5.44 g/L
2
6 4.22 g/L 27.01%
6 Minitab 16.0
% 6 Box-Behnken i35 1% i1 5% M 7
Table 6 Experimental design and response of
Y=5.459 20+0.052 63 X;—0.141 18 X,+ 0.197 30 X3 Box-Behnken design
+0.023 26 Xy — 0.024 57 XX, — 0.014 98 X\.X; — Y v 1 x
0.025 01 Xi.Xs+ 0.090 58 XoX; — 0.035 91 XoX, + Serial number ~ ~ AVM (g/L)
0.011 78 X3X; — 0.006 42 X12 — 0959 1 X22 - 1 1 0 0 -1 5.500
0.151 60 X5>— 0.015 X, 2 0 0 -1 5.167
3 0 -1 0 -1 5.444
( 4 -1 1 0 0 5.215
7) P 0.201 0.05 5 0 1 0 1 5.092
R2=93.37% 6 -1 0 1 0 5.400
7 0 0 0 0 5.410
8 1 1 0 0 5.240
9 -1 0 -1 0 4.930
g P 10 1 0 1 0 5.550
11 1 0 o0 1 5.550
Y = 5.459 20 + 0.0526 30 X; — 12 1 0 -1 0 5130
0.141 18 X, + 0.197 30 X; + 0.090 58 X,X; — 13 0 0 1 1 5.500
0.095 91 X,> — 0.151 60 X3° 14 o 1 1 0 5.400
o = gt g 15 0 1 -1 0 4.860
234 MEEAXEERMRREEFENSR
N 16 0 -1 10 5.480
E: 8 (X2) 17 1 -1 0 0 5.520
(X3) 18 -1 0 0 1 5.530
(P<0.05) Minitab 16.0 " o0 A 080
20 -1 0 5.510
(G 21 0 0 0 5.460
22 o 1 -1 5.440
23 -1 -1 0 0 5.390
24 0 0 0 0 5.490
25 -1 0 0 -1 5.380
26 0 -1 5.090
1922 gL 41 gL 16.5 g/L 2 L0 2310
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%<7 Box-Behnken X3 B3 1&E R /5 & 47

Table 7 Variance analysis for regression model of Box-Behnken design

F P
Source Degrees of freedom Sum of squares Mean square F value P value
Model 14 0.953 51 0.068 107 12.06 <0.001
Lack of fit 10 0.064 77 0.006 477 4.35 0.201
Residual 12 0.067 74 0.005 645
Pure error 2 0.002 98 0.001 490
Cor total 26 1.021 26

R*=93.37% R.qi'=85.63%

%< 8 Box-Behnken iR 3G [6])3 & £ 2 Z 14016

Table 8 Significant test for regression coefficients of Box-Behnken design

t P
Model Regression coefficients Standard errors t value P value
Constant terms 5.459 21 0.045 66 125.847 <0.001
X 0.052 63 0.021 69 2.427 0.032
X, —0.141 18 0.021 69 —6.509 <0.001
X; 0.197 30 0.021 69 9.096 <0.001
X 0.023 26 0.021 69 1.073 0.305
X —0.006 42 0.032 53 —-0.197 0.847
X’ —0.095 91 0.032 53 —2.948 0.012
X’ —0.151 60 0.032 53 —4.660 0.001
X’ —0.015 00 0.032 53 —0.461 0.653
XX —0.024 57 0.037 57 —0.654 0.525
XX —0.014 98 0.037 57 —0.399 0.697
XXy —0.025 01 0.037 57 —0.666 0.518
XoX; 0.090 58 0.037 57 2.411 0.033
XXy —0.03591 0.037 57 —0.956 0.358
XX, 0.011 78 0.037 57 0.313 0.759
3
2
2
g
g
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Figure 7 The response surface plot for the effects of soya
flour and corn starch on the yield of AVM
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