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Abstract: The original strain ASAGF 2-G4 was applied to undergo Atmospheric Room Temperature Plasma
(ARTP) mutagenesis of various doses and 2 mg/mL NTG compound mutagenesis of different action durations.
Five high-yield mutant strains were obtained after preliminary screening through 96-orifice-plate fermentation
and re-screening in shake flasks. At last, a high-yielding mutant strain 2-A9 was selected, which increased
the yield by 30.92% compared with the original strain after genetic stability verification. A high-yield mutant
ASAGEF 2-A9 was applied as the starting strain, the experiment design Plackett-Burman was used to screen

the factors affecting the fermentation media, with a conclusion that factor glucose, dextrin, cottonseed protein
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and corn starch is a significant factor affecting butenyl-spinosyns. The experimental design Box-Behnken was

applied to optimize the factors significantly affecting the experiment Plackett-Burman. The optimal growing

media components were deduced as follows (g/L): glucose 60.0, dextrin 25.0, cottonseed protein 25.0, coen

steep dry powder 12.5, peptone milk 10.0, MgSO, 1.0, NaCl 2.0, CaCO; 5.0. It’s verified that the average

output of butenyl- spinosyns is close to the predicted value, indicating that the model is feasible and effective.

Key words:. butenyl-spinosyns; ARTP; NTG; mutagenesis; medium optimization
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15 000 ABRZE B 7 R A e, IS4
A I R 7 2 R T R AR, 3k
3 18R TR Z R ER R, W T 16 s
RNA %7 . £5ERA T e . AT E S5
TAE. (B FREE i e 15 21 0 B A= B T AR AF e
R GNE | R B . A T R R A X A R A
FEEMRERRIA A B Tl A A = F 75 K . B
ISR HTGE Y 2 7 T B 8 g 7 8 AR R O X H &
W T A3 A, B HOR BERE ) Bl H TS
) H A

W E RSB TR ( Atmospheric and room
temperature plasma, ARTP ) 528 & F Y LA SAE
R TAESAR, FERIEMVERTR 7wk B iE v
BT 25 8 TR il DNA g s WUE %
AW, AL DNA $5i6h, #EMisE & 40 s 2h )
2B EHH, SHERMA YRR ARTP FAEF A
ONGES: I G Y/R 7 = il SBei o Y]

Fiel B R UE & Re ) & 7 A Tz N . [
PEMESEIT B R T K EAT ARTP A8 E, 4558
UESE ARTP AR i & $ m AR =9 ik .

H 855 35 3 v A R VR NS T 22 M A K R AR AR
WG A B EEAE . X A eSS IR 0k
RIFEHATHA, B & TIHEZ AW R ERAT
Z AR Tk o A Bl 57 i 3B 7 v R A
SR R B AS B AL T 52580, WA 551
SRR FR LI T o BRI & 0 3R 2 b A
A ATEETER . BRI AN R SIS
AL TR 2 R E R S 52.1%. Hor
BRI 11 Ffrod WL VR AT AR Mk A 204, LA
5 g/L I H B N B — B IR S ), B T
ThELAEHZTE 1785, XAlfeeN A HEE
B B BE P 48 2 FE-CoA b, S RE%S4 1L GDP-D-
rhamnose, i FZEHE IE S22 B 40 i BE A T I 2k £
AW E M HEE A,

HHrE AN T T 0 2 R TR S R bR
VEF R WA 7 T A A b, (H LA S
Y2 RAWEEREKRIBLERTT . T EYEk
O R R SRR ARV T T Ay
WA, HEHEELFREENFTHRILZRER
(4= A R L, AL ASAGF 2-G4 1EH
FFExT 4, SHZE R IETT ARTP Al NTG & & #4k
YRR, ik AR e e o B RS TR AR
X R R SRS Ak, DI IE— 25t m T
RZRER =
1 #MRER=E
11 KM
111 R

ASAGF 2-G4 HFEZMRE MY G657
W5 B 5 326 R




EYTIE

.
WAL
¥ e s

E30%5 2022F F 15

1.1.2 KRR B me il R s 95 5 ik

(1) B fdEFR AL (g/L): HZEWE 4.0, B
RS- 4.0, 22 ZF 80U 10.0, CaCO; 2.0, i
Ji§ 20.0, pH7.2, (2) ¥EEIGF AL S2 S 96 fLARFH
TR (g/L): HZBE 10.0, FM888 30.0, J
4105 5.0, MgSO4-7H,0 2.0, KH,PO,4 0.5, pH7.2,,
(3) M I 96 FLA KR essFR3k (g/L): HAE M
10.0, HIHE 20.0, EKIKTH 10.0, MgSO4 7TH,O
1.0, FRfb4E4510.0, #FFHEE 20.0, CaCo; 5.0,
NaCl2.0, pH7.2, DA F3EFREEIAE 115 °C, K
20 min,
1.1.3  FEGRAFI AR

FFFER T . BRI TRy V0 A% 3 JA 7 L 7
( Big) HEAMRATA,; FM888: LHLEEELK )y
AIRA T HAbG . B2 R A A
FRAF
1.2 XWHE
1.2.1 &R

B8 % B B B B AR RN D, A 20 mL
0.02%JC A 7 2 A VA W P e AR IEL 4% 3% T 1 1~ %)
TIEETE 15~20 PR TOE = MAMh, &
FHERERAEIR, & EPRIREHE A 160 t/min, &
JEH 28 CHiFF 8~12 h, T Bk — B4 il
1E25 108 4/mL.,
122 ARTP 78

S H PSR — B B KA, B TR
KTAMERIRE 30 s, WHISHL 10 pL TR 50%
TR . UASERFEEFIERN TESIKE, D
ASAGF 2-G4 J i kK wtE, FERIETIZE 100 W,
MRGTFE RS 2 mm, 5B FIREE<30 °C, i
10 L/min (Y560F T, 0 Bl 78 i A B3R 47 4%
B TRIRES 0,30, 60, 90, 120, 150, 180, 210,
240, 270, 300 s,
123 NTG 78

Big il 10 mg/mL 9 NTG R:ik . BUH & 47 1
FRIFWTE LA, (HFZLZRE R 2 mg/mL,
PB4 AL BE 10, 20, 30, 40, 50, 60 min,
14 000 r/min &[> 10 min WEEM T, THEKEL
VR =R AbBRJE BV RS AR FIBRA A R A 7%
W,

1.2.4  FRBIRA

W 20 A8 A B B A0 T B AT 107°~107° Fi
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FRHE L, T 30 CHige, & HWE R KM ERKH
EREHEES, IR RIS .
1.2.5 96 LAk i it &k G 557

¥ 96 FLM I Fh b5 5 SR R B 35 77 S AE
HEMET, (4635 E RAININ BenchSmart 96 2 H
MBI ARG 96 TRALAR Y, Wit 600 pL,
FHTC A A PRI A R TR . T AR R 1 B R Vi
F o6 fLtk b, 3 LAECE R =R E, e IR E
PEIR % E 240 r/min, 30 °CHEAT 96 FLAM T-1%
I, W3R 65 h G R, ¥55F 48 h ek
B R BRI 5% 9~10 d.
1.2.6 T2 R EEME L

] 96 FLAR & BEW . A 2 f5 A IR 42
THREZRAWE, ARG E, 4 CHEdR.
Lk 4 000 r/min B5.0> 10 min, B EER | mL 25
FIEDAE N, L 10000 r/min, 2.0 10 min J5
#EAT HPLC Rl . sr#r 4R . (e C18 Jx
AR JEBIAN Vo ap 0V ogw 1V 4=45:45: 10
(& 0.05% MR ); HMERUEE 10 uL; Jiidix
H 1.0 mL/min; K%K 244 nmo HRAEFR S 1R
B, i E R,
127 THEEZRER 7 EEIRE ERE R

W ARAT 0 5 7 A R o ) Ak T A R A T R
BUE, ¥%Hz 3~4 W, FIFH HPLC M T2 A
RRME i, FE UG 7™ 5228 T e AN R B )
W B AL R T -
1.2.8 Plackett-Burman 324815 1

Wit PB SEER, M B 37 5 v s O g
BERE, T T R R 2 3B R AT
WIkG . MATER . ERK TR . MgSos. Rfk4
5. NaCl fll CaCO;, FEGHM T I LZ R E RS
I EFHERELZEEMEM, ikl FERER,
Plackett-Burman SE 5 25 R Z K E L2 1,
1.2.9 Box-Behnken M i % 1 M4k

R Y& Plackett-Burman 3256 A5 %) [0 5 5 F2 &
B O R 3 B e 2 DR 2R, E T T AT
7 JSESSL NI
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% 1 Plackett-Burman L3 EZEKE
Tablel Thefactorsand level of the Plackett-Bur man design

g/L

PSS it -1 0 +1
] 2 A A 60 80 100
ki B 15 20 25
FRIETH C 7.5 10 12.5
FFF R A D 15 20 25
MgSO, E 0.75 1 1.25
WAk F 7.5 10 12.5
NaCl G 1.5 2 2.5
CaCo; H 3.75 5 6.25

1.3 HESH

ByEab PR FH Origin 8.0, SPSS 22.0. Excel
RN AT 30T o TE RGEIRZE RVFAEERIEN T,
MRBRME T HEZRW RS Rk &
(1 HAEANIE T 110% 0, BB R IE 2878 5 24
AEAN =T 90%HT, MIER RN R R4 KLk
HA T W& Z e, WFRRERAR R,

RAR=FRBB+ARBR; FOEER (%) =
( R GEY5AE 1Y) TR VR B8 Je ) S B R TR 8 ) /
KA M ETE R <100%; THIEZREET
i (pug/mL) = (44 A+414> D) /8065.4032xH
BEASE T3k 2 28 R R A 7= =P B (AR i
T2

2 HRE5HMH

21 ARTP 5 NTG E&1FELXT ASAGF 2-G4 K
1ER
2.1.1 ARTP A8 [] %} ASAGF 2-G4 A5

H L 1 AT, B S A IR SRR ] %) AN T
MK, BOERZEIE N, HBOUSCRAER B,
ARTP 403 90 s B, BOILRLIEF] 98%LL [ X
2-G4 W RAB AT/ R (gl 2), AR IE
GRAR ARG BT, SR RN A
AR (B A SE R AW, 7E 300 s 55 TR HR A
R, R0 IERBEKRZ, S22 R
=T 20 min B} %A 1E 28R A AR H R .
2.1.2  ARTP 5 NTG & &4 X} 2-G4 H52

H & 3 B[, ARTP F1 NTG & &A% 2-G4
AYEFERON B 2., 24 2 mg/mL ) NTG 43 10 min
i} 2-G4 SR E L 98%. X 2-G4 578 K
AT B (aniEl 4), £ 10 min A1 20 min 35
AR R, SRR A IE A AR

110 -
—=— ARTP

100 -

60 |-

0 30 60 90 120 150 180 210 240 270 300 330
AR A]/s
B 1 ARTP X HE# 2-G4 BT EML
Fig. 1 Thelethal rate of different time by ARTP on strain 2-G4
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A =t K
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Fig. 2 Mutation rate of 2-G4 when the strain was
treated by ARTPradiation in different time
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Fig. 3 Thelethal rate of different time by ARTP
and NTG compound on strain 2-G4
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ARHFELL 2-G4 O Y & w AR AT ARTP HINTG
EEHA, P 870 R E AT KRR TR, &
MR 0, TIHREZRER & Wk
SRR 2 PR, RASRLEL T AT R
FHRGERING , Hik, X 5 Bk~ mskib i s 7
R EHEIUE, WK S iR, A8 BB 2-A9 45
3 WHEEALG , TR 28 R AR 545
FEIRT 10.03%. 8.05%, 4 4 WAL= REEE 3
WHER T 0.68%; S¥64 1 KA EL, 28780k 5-H12
Rk 20 30 4 UMK T 35.29%. 30.43%.
12.51%, 7P/ bl Bk, RIS E AR e
2, HAHENKS 2-A9 H AL R,
ASAGF 2-G4 B2 ARTP 57240 B 60 s )5 ik
1 BRAREE R, HARE L R AR R
2-A9, M K E R R 30.92%,

x2 BERTHUNTHEESRARERSE
Table2 The butenyl-spinosyns production of the high

yield mutant strain by shake flask culture %
LR 73 CRERRGE T 2N F ¥ i
2-A9 130.64+1.09
3-D10 116.65+1.82
5-H2 127.56+6.06
5-HI12 141.04+0.86
7-A9 126.40+1.16
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22 REEEFEMAI ASAGF 2-G4 H1EHA
2.2.1 Plackett-Burman 325 %1+
FIH Design-Expert F{F#EATALAL BT, 4525
Wk 3 M3k 4 in. B FAE 12.608 8, 157l
W % (P<0.01) R ZAR A EERE X,

N

RAqi=0.885 573 , bt W12 52 06 B4l 65 e 114 FH] T 75
fERE . PR RIKIK A ASD>C>B>F>E>H>
G, Hr A DX EE ik R (P<0.01), B,
C X =B 1.2 (P<0.05), JEALA W% =&y
SN E I 0 KO o ARG — IR Z oo 2t ity 1
21.35-1.65A+0.75B+1.04C+1.20D—0.40E—0.63F—
0.07G-0.32H.

% 3 Plackett Burman SEBgig it £ R
Table3 Plackett-Burman experiment design and response values
H% A B C D E F G H HI™E%
101.28+1.14
93.32+2.45
94.42+2.81
100.09+2.36
94.60+0.62
118.47+£3.66
100.00+1.06
71.68£1.53
81.35+£2.12
96.66+2.42
82.01+£0.29
92.52+0.35
92.48+0.85
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Table4 Analysisof variance of Plackett-Burman design

K W22 HA ARE FAE P-{li>F @#HM:

iRl 77.943 525 8 12.608 8 0.0135 *
A 32.747 416 1 423798 0.0029 *
B 6.772 111 1 8.7641 0.0415 *
C 13.058 705 1 16.8998 0.0147 *
D 17.422 313 1 22.5470  0.009 0 *
E 1.861 902 1 24096 0.1955 -
F 4.782 159 1 6.1888 0.067 6 -
G 0.065 034 1 0.0842 0.7862 -
H 1.233 885 1 1.5968 0.2750 -

4

Fk2z 3.090 849
BF 81.034 374 12

R 0.961 858  Raq 0.885573

. *FR P<0.05, BE,

Note: * indicates P<0.05, significant.

PRI, SEECRATRE . WIKE . PR B R K
M 4 A AT H T
2.2.2 WA R TR I Ak T A AR
2221 maN AR A HT RS L 3D A,
mE 6 frs, HE AW . i 60 g/L .
WikS 25 ¢/L. Bikr&EA 25 g/L MEXREKTH
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Table5 Variance analysis of regression model
K {2675 Fl A 5% F {4 P {H B
T 553.42 14 39.53 2.79 0.0322 *
AT 9.01 1 9.01 0.637 0 0.438 1 -
B-HiT K 62.65 1 62.65 4.43 0.053 9 -
C-HitAF A 101.38 1 101.38 7.17 0.018 1 *
D-FRI A Hr 11.25 1 11.25 0.795 2 0.387 6 -
AB 0.02 1 0.02 0.001 3 0.9719 -
AC 4.95 1 4.95 03499 0.563 6 -
AD 71.91 1 71.91 5.08 0.040 7 *
BC 105.78 1 105.78 7.48 0.016 1 *
BD 25.20 1 25.20 1.78 0.203 3 -
CD 41.60 1 41.60 2.94 0.108 4 -
A2 3.06 1 3.06 02164 0.648 9 -
B? 70.98 1 70.98 5.02 0.041 9 *
c? 3.92 1 3.92 0.276 8 0.607 0 -
D’ 19.07 1 19.07 1.35 0.265 1 -
Bk 2% 198.07 14 14.15
2R AT 193.77 10 19.38
HriR 2 4.32 4 1.08
A 751.50 28
R 0.736 4
Rag 0.472 8

FAXTT= 5/ %

FEXTT= 5/ %

. *5RR p<0.05, B3,

Note: * indicates p<0.05, significant.

6 HEME. M. ERETH. BFEAREZIE/ERMTHES RERSERNH L L @
Fig. 6 Response surface plots of effects of interaction between of glucose, dextrin, corn steed solids and
cottonseed protein content on theyield of butenyl-spinosyns
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12.5 g/L, SR THEZ RAH RIS REE,
2222 PUARBEFREEDEUE O T EfE SLRAS
AT RENE , X F RO R 5 Bk A T 8 5 SR S,
A TR ZAER Y e 5 EEEL, &
RS AR R AT A T R0 o
3 it

AFRARE rh i e 75 30 A4 B A B TR AR X B AR &
REE N2, AR Tl kA =Tk, BARA R
MRS Z AR A FE R AP 9 C e URAT, BT M
KL AW R WA GEE R 2 HIRE LS a5
B, AT TR DA R O e PRI . T R R AR
ARG LS (UV) 48, NTG ¥4, “Co-y
VA8 . ARTP 17570 55 BRAE PR 151 e M 2 5 1) 58
AR AR o R AR F 55 2R F ARTP FINTG B 4578,
IEEEE 96 FLARIGFRAEAT 1 W AR AL 077 L ARAS
TrER e s REn 1 REABREKE 2-A9
( ARTPFEAEEFI] 60 s ), ¢t R BRI PR B 95 30.92%
B LAY BRAG S A2 HORAFTE S TAE R R, fiiik A
R AFEBR S, BRI AN H

P e e R T EXREEN—2F, R
U 85 37 S R AR S 7 R I OC . HATX T
R SFAA A SR 1 18 07 2O R FHBCR S THk
Xof P Ik AR T BUE ARl I R Y R S
B, SN R AR AR . BT
WG B FESIRNE . WA TS . N TTHE
W d Rk A, R O B S i S A b
17T Plackett-Burman, A F 5 BENCIE K HoCo i B
T 7 B A e T 4 o W BT, AR5
JRUR R SR AR T 17.44% 0 AHFSE & S it
Plackett-Burman SEE %11, 20#7 1 A Bk 3L
W R E R, SRR ANE . BIKT . Ak
H A E ORI TR g i T3 2 R R R KB
WERER, FFHR e R it, DAL
UL 3D KR B A8 b 5075 e e 5 AR 1Y
AEBCIE N (g/L): Hj4HE 60.0. WIKS 25.0. A
AR 25.00 FRIETH 12,5, BRib445 10.0,
MgSO, 1.0, NaCl 2.0 fll CaCO; 5.0, i3 T ¥k
ZRWER RGBT

B W 15 FR L 1 B A N A, R 22k E
KRR A P & A B AR, O

H e R+ 1R A e 2 R 5 T8 B /U Y i
TEORUR, e T ad o v o A R %) ) Dt 2 B i R A
XFRIRBITHFE . R B R LA . ARSI
fb, BiEE THREZRER - Ra T Z A
o WAL, EEMSNAIREE A — R LB
A=W & BT . AT 10 R
1) e e 3 75 4 R B e s [ A S DA B B, 43
IR FHAS ) Ve B s S i, (A5 ) Ay g 4T ) 3
WEZ 0 R A )7 /A 180 mg/L. R BEH )
pH W7E—E FERE 52 m i 2k o iy AR K S AR, A
I, B Je U VR Lit VR B B pH R B
i A5 IR 2% v (0 7 2 R P 238 88 LS )4
H o AR KR IS 23 A CH I DL 4 R B R
ININARG S35 J5 ANE AT DL SZ i A A MBI, i R
b BT AE R G A ATIR Y T, A A] VR R I )
Huang Z5POE SR om A BB R AL 2SI,
ZREE IR T 80%L b sk e & e
0 h ¥ 15 g/L WILZSIM k2 R AR 2
FHHTE,

T ZRWER A G B2 B 2 R 5
Wi, A BEE A MR ENTRABIGY, T ks
ZAWRT ARG e T i — L

S 3K
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