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Abstract

Streptomyces avermitilis is an important strain for industrial production of Avermectin, and its fer-
mentation efficiency is closely related to the production benefits of enterprises. In this study, the
ARTP (Atmospheric and Room Temperature Plasma) technology was used to mutagenize and select
Streptomyces avermitilis. The first mutagenesis was set with 9 time gradients from 10 s to 120 s to
analyze the effect of different treatments on the mortality rate of the strain. Within this range, the
time gradient was further narrowed (40s,45s, 50 s, 55 s, 60 s) for mutagenesis, and high-yield mutant
strains were screened by shake flask fermentation. The results showed that the Avermectin titer of
the mutant strain treated with 45 s mutagenesis reached 8.85 g/L, which was 15.4% higher than that
of the original strain. The study confirmed that the ARTP technology can obtain mutant strains with
higher production rates by mutagenizing the bacteria and further screening, This study has estab-
lished a highly efficient and feasible new breeding strategy for the industrial production of Abamectin.
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1. 5|8

Rl 24 1 25 A N — 215 B o] 4E 5% 2% 1 (Streptomyces avermitilis)r= "E W) R EZE KA WERL &9, H 20 tHE
70 SEARHE R ILCAK, AR SR bR AR s, Cso AL E iR S & ok A AR R AU A T
BRI AR 270 o BT R R O e b ARG BRI AU BT AE 1974 48 AN X B 3380 b 4 BERAS (1] B4R
REA 16 TR NERE RS F R, 1ZFBIE pH 5~9 Ky S i E tE R i, HAE 200°CLA
TSR ERSEILG . FAE AN R R T E A AR A S TIREE Y, &R atk
SREWT, BT4ER R T H S A SIS M B, IR & SRR RO . Ak, BT
FAEHARIREE AN TR 2~8 FIED AT g A M e A B, 1 BE 3G M s e RO IR R R 75 5K 2]

FEEPET 5 T AL R B 4 TR R A A A% G B bR, TR R R SR — H AR OO T B
EARZ BMEART, FRGMHEEEERME. JOR RS SR, 7R Tl A P b bk o R A
Iz 3], Hrb, HiRE S5 B F R (Atmospheric and Room Temperature Plasma, ARTP)iFAHE A B At
SO B I SN B AR U TR A o R E S E O R AR E TR, RT R R TR
PAEE . ML S DNA 70+, 55 DNA KAWR ., TEEZ MR8, ol REFRE, B
HRABR G, THEGY. WA EHEEREMRA4]. BT, ARTP HARCLE TIAEY) & Fh ARSI
ZIIIN A, s 55 AT ARTP 5321% B I 367 A i BF bk, HERE ™ BB K E IR T 42%
[5]o ZEWR77 SR HZBORIRAGI - B R =™ KT i, KRR PTak 38.6 g/L [6]. 28 B 4E i
ARTP ARf§1 22 22 1R % P-3 WIr=&Eig & 1.8 f5[7]. XL LM UESE, ARTP BORTESEFHRAE IR B AR
PRI E T ACR E, BAESNIRTHIREE . AR et R AR SRR, I T RGN IR (UV)iE
BENSAFEEAR, HRE T E LK.
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RUE R4 3 B FP CHUSK 2t ke, (RT3 2 Bk H A6 LA 57 e ] 43 73 F Y A 7R oy o
B, e pE R AR 10~50 pg/mL), HiF=Ptis 8 Fhdlsy, HA{U Bla Aoy 2tk S, %
E BR e A m s I S5 AR A G 1T, KRR BT R 500~1000 pg/mL, [FE{E Bla 2045 LLA7)
I 60%. [E AT BIAHER S AR A= T2, EE HERCERE SR AR P Ak, H AT B4R 2R Tl
A, Rk Bla 40 LLl 8 80%, FAETIHA 5g/L LA b SR, BLA DA BEMRAIEAE BE RS 2 T 22
REEFIK . BN R R, 120 7 B2k B 2 M ik — B4 i 3 28] -

BTk, AHETT CABT4E 5 5 o0 R Wbk, S8 ARTP B SHLA S = S A R 0 1% JR T R SE
o WHABIEMSLIT4ERE R R ARTP MR TS, Ik AT 4E 6 2= 7= & 0 E 3+ BListefsoe
MR E I, HVIDIRTE ARTP F728% Ak A K AR I s ma bl . T 70 SR A B A AE Y = i
FRPR AL ER R AR, B AE B 4 R 4k (AR P R TR AR L0 iR Ak BRI 5 S e 228, HESIAT WAl RS R
.

2. B EFE
2.1. LHRSIRFT

Bi] 4 5 25 11 (Streptomyces  avermitilis) AL AR AR MV BHE 43 A PR A m 32 AL (R G TR ARBT4EH & Bla
BN 7.67 g/L)s

TR RS IIAVEVER 4 g/L, BERHRRY 2 g/, BRERANE 2 /L, HiAiRES g/L, FHIRK S g/L,
BifE 20 /L. pH HAR, 121°C K 20 min.

PEMRGIRIE: WV YEVER 4 (g/L), BERRRR) 2 (g/L), FRERAME 2 (g/L), HWi%bES (g/L), ZHFERH S
(g/L). pH HR, 121°CKH 20 min, 250 mL #ZHF % F 100 mL.

AIEPETERY . BERRR R . R AR, BUIR. EARE. EEIRMA R,

2.2. FENHFRE

ARTP B T8 RGUARTP-M &, TEHHIFIHERAEDRE AR AF): ANEAKILX-150 2, b
KRB A R AR m2i25(99.999%, £ 570 =B AW AR A A A B = #6(SPL-
250 B, REEH RPN &G IRAF]); mEZARKRS(LDZX-75L &, FHgERITHRM) ) mmol
FHEIEA(LC-100 &, EEARFERAAESA R AR AV RME(XSP-2C &, E#gRHIEFA ) s
AERESONLHI650R AL, W R A SR L0 = AT KA PR A A

2.3. SRR

2.3.1. EHERSIES
ERBETAEG T, FRRA MM BUR G E R E T, R hh T PR 95 3E, 28 CIEIR R %
7d BT RAETE SR A M. RIREY).

2.3.2. MFEREHIE
F 5 mL TEHE/KM VG T, Wi = E e 40 nE ks 25 8 a2 iR, Al Bk St IS E K
HREMTIRE N 10949 /mL, 4CHIEHEH.

2.3.3. ARTP iFT 4R
BREAFENE BTG E, TGN 20 uL fAT2FR, HAKRTE&H. WE ARTP 40N
SUE 10SLM, IR 120 W, SRR SIS 2 mm. AFER AN 0s ). 10,
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FHER 5%

20s. 30s. 40s. 50s. 60s. 80s. 100s. 120s, fF4H 3 WEL. MWHEHBBEHEBLES | mL LHEAKN
EP %, ¥R% | min Pl 7, HL 200 pL A6 P, 28°CHEF: 7d Ja it By,
BIERTE: BIR%) = (1 — AFHFEE S RAEEE) x 100%.

2.3.4. LB
BRI AL S B B VM B BRI 7R 3L, 28°C. 120 t/min FRI5 5% 96 h. BEFR 45 TR J5 BURE I+ il 4
RS B ) A B S 4 T U

2.3.5. PULERERFM M

FEMATALFE: B 1 mL & BEE (12,000 r/min, 10 min), F£ LiE, BELETIAN 1 mL HEE, @R
HY 30 min (Z1% 300 W, 5% 25°C), 8000 r/min 50> 5 min, &4 0.22 um HHEMRE, MR TG
SRR

AR 2. (R C18 M 7-(250 mm x 4.6 mm, 5 pm), VRENAHFFEE: KEAE N 9:1. N
1.0 mL/min, A& K245 nm)EEIE 9 30°C, BEREE(20 pL).

R Tt BO 1LO/L MR 4E R BRARTEIR R, HEFEIIE WETHIAR, Rt (g/L) = (FERR TR > BRifk ik
FE < R A5 HO/ ARk S I TR

3. ERESH
3.1. ARTP FTHFEHILL 4T

AEFRAF AR A 0s (R HE). 10s. 208, 30s. 40s. 50s. 60s. 80s. 100s. 120s, F4l 3 KEH.
AN 7 175 738 B T F o 24 25 1 76 T O BN N 1] 1 iR . Bl AR BRI TR AE K, BRI AR OO0 2R S0 T
#, 10 s MHFIERN 22.1%, 30s B THE 54.7%, 40 s~60s X [HFIERPIHIY E 65.1%~90.8%, 80s 4k
HEIEARIL 97.8%, 120s BEF 2B, W 2 s, X—8iRGEIHLF M “ DM SOME,
B 2 BB 2R X [R](60%~80%) B 5y 3K A3 IE SRR . L35 B IR RAA R S5 EMRAFIERE )], Hi5E 40 s~60 s Kyt
AR )5 o

Figure 1. Growth of Streptomyces avermitilis on plates under different mutagenesis times
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Figure 2. ARTP mutageniclethal curve
& 2. ARTP FEHILHL

3.2. ARTP FERIER L EBYMN M E

FESE—RIBACHJER b, ZEHUT 40 5~60 s X R ERPRBEAT 55 —IRFAR S, REKREFRLESRE
WEAA, EIGHEAL A PRBEAT e A R 0 M G RSB ), AR AR R B R, BRI
o, REABPEEE, LEERF, HEEK, ZMBSEUT RS FRA RS SR . &R
JIRT EIEA R

5738 I 5 I B ZH FAZ IR PRI B 4 B 3R RN 1] 3 s 45 s ARBRAL A e v, Tk 8.85 g/L, BUBUUR AR
(7.67 g/L)IRT} 15.4%. SR CIE TR, RAMRIIITAER R Bla FrLlg, HIOHEHIL, R
AR F R4 3).

10 8.85

R [9)] (o]

o 24k T 2R Rk g/l

N

JEL 05 T PR AR R
Figure 3. Morphological changes before and after mutation

3. FERIEHRETK
4. it
4.1. ARTP FTESH MU SN

AT TR B S I R AU, B A E BT 4ERER B ARTP B2 1 tE T Z 28O Ui E 10 SLM,
I 120 W AP E] 40 s~60 s, ZZHHET, Hem R RIHIEHRTE, X481/ A 5 ARTP £
ARAEF AR R B PP R A s 3R, S IR Tk A B IR PR R L R R 4™
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W (A B R ) H9 ARTP B4R 70 R B, 40 s~50 s R AL BR8] AT 4 14 Ak 1E 2848 SRIA B AE, SAHFR
B PR RIS B2 A — 3K 7], 32D EDIIE T 1% S 40X (R R 02k B 15 AR I E 1

MAERPLEIRE , ZSHA A EREHERC 70 - OH. O, « Nj Z5)IREEAb-FiEd /K, — 5,
TEPERL T AT 5 7 0 4 B A A A EE, X DNA 70 FIEROEEHT, IR aEmis s IE, SRR AR
PR T R E R — 5T, e e T BRIE MR B B DNA AN RTS8 453 4 (A RUEE W 28 B A i 45 A R
NI FEAR R AR B o 1T M AR PR [ 80 s B, BAMREIEZRIRF 2 90% LA b, HEDFL 5 BRI 7E T Kb 1]
SRR AR () BN PR 5t B TEE(ROS R B, a4l Py R (1 RARE . BEIE Rk, XK
TR CEERRUL” AR . AN, 10 SLM BYESR EE AT RIS MR T S 40 A, A
R IR B = BOS R, R RCR AR e MR RS, X — Sk BN 5 2L F RN B ARTP &
RAL T IS0 TR

4.2. ARTP FESEMMALERE N

A FUAE I B S0 RGO I, B A E BT 4ERE R T ARTP 52 1t T2 S80S E 10 SLM,
DIZ 120 W AN E] 40 s~60 s, ZZHAE T, mr7 /e R &R, X4/ AU ARTP AR
TEHAB TR R B A b s = 3, o LR A AL R B . R RS E R LW R A T
(Rl B BER ) 1) ARTP iFARHEFE R I, 40 s~50 s [ Ab BN [a) 4 1 ik 1F S8 A8 RIA BIEAE, 5AHE O
SE PRI ()Y I JE AR — 5[ 7], 30— 2D EAIE 7 1% 2 B0 X [ 06} TS 28 1 5 A0 F 3 1

MAERPLEIRE , ZSHA A EREER 70 - OH. O, « Nj Z5)IRFEAb-FiEd /K F: — 5,
TEPERL T AT 5 7 B 4 B B A A EE, X DNA 7> FIERUEEHT, Wi, B s s, AR R AR
PRAL T R B — 5T, e e T BRIE MR B U DNA AN RTS8 4534 (A RUEE W 28 B A i 45 A R
M FEAR R AR BAEZE o 1T M AR PR [T 80 s B, BAMREIEZRIRT 2 90% A b, HEDFL 5 BRI 7E T KB 1]
SR TARAN R AR () BB 5 B TEE(ROS R B, a4l Py & (R AR E . BEE Rk, XK
FHRMM SRR 58 AT, Ah, 10 SLM (SR B 3E AT RS R T 5 0 A, B9 )R
ORI B R B, MR AR R AR R, X — S HOR RN 5 S R R R ARTP &
AL T AT S 1) T2 A

4.3. SRR R R HIER

AT TG L FRAT 0 v 7 SR AR Bl 24 1 2R (R 9 8.85 g/L, BLHVA IR R 15.4% . FRARKRFEIL
Bt 5 AR FP TR, HENAEAE ORI AL 9 ARTP %551 DNA #0770 BRI SOS 25
R4, AEEEREP AR AR E A, SRR R (A aveR . avel)RIEHHR[9]; LK EE
77535 G 5 F] e -5 A DA A% S B I (L T ] BN T RTR 1 B TR R B T R, DB 4 T B A R
P 2 AT AT (] —-CoA HIHEPT Z-CoA) [10]: 4 AR IEE I UL vy BEAR HEF=4 400, /b S 5t
o e B G I e e 4 S AR AL A A R IR X SR L

AT FEARKTT 51N BLE(RSM) G T2 T A, #s = AR =T A L g e A, Jlad (8] )9 75
WA H LSRR, PRI IE R R G Wkt g, A 2 SCELR 248 1 2 & (1 P 52 7, O
T AT PR S R SRS R B R A2

EHEWH

VAN S T = - s LA o A i e e S - Rl N D N e e R A 7
H” (241490202A).
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