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Study on screening a high-yield Bacillomycin strain by UV mutagenesis and
its application in preventing rice mildew caused by Aspergillus Flavus

MENG Pan-pan, LU Zhao-xin,LV Feng-xia,ZHAO Hai-zhen,ZHANG Chong, BIE Xiao—mei "

(College of Food Science and Technology, Nanjing Agricultural University , Nanjing 210095, China)

Abstract.Using Bacillus subtilis fmbd as the starting strain, a mutant strain with high - yield Bacillomycin was
acquired by UV mutagenesis, and Bacillomycin was applied to prevent rice from Aspergillus Flavus mildew. The
results showed when the fmbJ strain was irradiated by UV for 60 s and 80 s,the fatality rate separately reached
85.2% and 86.8% ,and the higher positive mutation rate was obtained which was 40.33% and 44.87% respectively.
Under the UV irradiation time of 60 s and 80 s, a stable and high-yield strain UV60-4 was selected out with the
maximum production of Bacillomycin up to 306.31 mg/L, which was 1.32 times of the starting strain. When the
temperature was 37 °C,the addition of water was 6 mL,and the inoculation of Aspergillus flavus(3.3 x 10’ cfu/mL)
was 500 uL,adding 0.15 mg/g Bacillomycin into rice can effectively inhibit mildew caused by Aspergillus flavus.
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AT | FH 52 56 = AR 8K 19 — #K& 77 Bacillomycin
AN TR A B ZE AT B R S R B AR, A SR AN A AR
AN, BEH B — A AL PEOR R R 0 TR P B K
Bacillomycin fBEAE , 315 H W FH T By 16 K 2 Hh
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1.1 #HRENEE

BARR : B & B BR - A B ZE AT A Bacillus subtilis
fmbJ(CGMCC NO.0943) gl KRB R 2
o P TR S 56 25 AR 78 7 BT - R I BF T Aspergillus
flavus (CICC 2062) v [ Tk ol A= 0y TR R 8 54 21
s,

RigR I R i3] - B IR A B IR L (NA) 5 8
FEEUNE 1% 97 (NB) ™ 5 T 4% 75 47 45 W8 B g 4% 9% o
(PDA) ™' s Landy 553736 1% Mk ZBEASH: 1.0 g
1K ,95% (v/v) Z,TE 100 mL;0.01 mol/L KOH-95%
W SE LI 29 0.5 mol/L & S A 81 /K I U, B
FRELZ) 28 g GAAALHE T 100 mL 7K, FEHL 20 mL
0.05 mol/L &4 L HH /KIS FH 95% (v/v) L TEH B¢
% 1000 mL,

IES: W& TR 4R H &R\ A]; OHAUS
2100 pH it 24 | OHAUS A\ A); 5 JKZE S KB
. HAS TOMY 2N ) ; Agilent 1100 series /55 30X A8
% Z5 L Agilent 24 A HYL- A 4R #2 )R
o ORGHIRAR L A A R A CAY M R 5 B
DAL BRI RR ) EAMT M B R
FH 2w o
1.2 XLWmH*E
1.2.1 AN ELZEHIFF I fmb) (1455 SMBASHESE
1.2.1.1 RS REWm sl o R kE 3] NB
AH _E 37 CH%EFE 24 h, FARNA L E— 3 423] NA
Regasth 78 37 °C (180 r/min Z&A{F F1E53E 24 h J5 LA
5% P BRI 55 —IHT 6 KPR Y NA B3Rk,
FTF 37 °C (180 1/min 514 8% 3% = 4 B4 KR 7, B
PRV FH M0 3R B 7 S B T B, U R AN i vk
7 10°4~/mlL,
1.2.1.2 28AMFFAE TSRS TR 20 min, fifi 5841
T HAGT IR EE G . SSAMT RS SREE S 15 W, BU )R
BioA 30 em, HXEAESR 60 mm 47 A — il B &1 1) JC B
SR, 43 500 A TR B A R R B TR 3 mL, BCP
ILFRES RS EAGEDBEFE . S 1 min DL SET-
ML3E AP, BT PP L5, 5240 B ) 20 .40,
60 .80 .100 s, 4 253k BT (4 B Bk W, TR 28 BRUBT 9
PR VR TE 210 Y6 4540 T 43 59 FH JC B 2 38 36 /K 0 B A
107,107,107 107 107 10 B B, HL 107° . 10°°
MR 0.1 mL i+ NB 553338 v, FH JC B0 B 385 12 Uk
E], AL 3 P47, R&A SN B G 1E
Rt R, SARFH PR A AL R R R 3R AR R, 37 C
B o WOPMREL TE & A0, TR BOE R, UL R
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ERHMFAR A B (8] 4 09 S A8 TR AR A T Landy B5 3%
Fedh  FF 37 °C (180 r/min &1 N ABEE5 3% 52 h,
5000 r/minZ.0EEEA, FYE® A 1 mol/L 14 HCI
P8 pH Z 2.0,4 CHCE 31,5000 r/min 5.0 %5k
WL, U0 UE P W B R (Vg * Ve = 10: 1), 3
0.22 pm i I8 FH B g P i v X s i 25 A0 TR S 5
SO TR B AR RIS TR A AR IE S AR SR TE SR AR R
S = 7= w1
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Eyo

Y = (7.6396X-2.3575) /E
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TR, B - Am® s E— R 4 A5 88
1.2.1.5 &7~ Bacillomycin FE RSB L fa EENTIE B
O 2 14 =5 7 B AR AE NB A _E LA 10 A8 % 10 1R
SrANAN 1.2.1.5 J5 3% K e I A B R W, 3 0.22 pum
PEAR fE HPLC Ky il 7 7= 4= 119 Bacillomycin (9 &t , ;™ i
THRITEAR 1.2.1.5,
1.2.2  Bacillomycin Bjji5 KK 5 pl 82 5 A8 U AF 5%
1.2.2.1 ROk & &S AR LM BIRL  TRE &0
G 2L : BORCKAE i 100 g 2 A U, BN A 6 mL
TCHE 7K L M 3.3 x 10° cfu/mL B9 # il 75 4 7 B W
700 pL, AL MRE 1, 4351 e 5.20.25 .30 .37,
40 C k4 M AB IR AR DU

IR G3 UL R s it a2 P 0 35 - BROROR AR 5 100 g
BN, [ ROKAE i B s i 2 th 8400 20 (3.3
% 10* ¢fu/mL) 300 500 700 wl, I ) 2%~ 25 i 25 4
TR B R A — 2 B TR K, AR R
KIS 1.3.6 mL,H: 9 A-4bI | 45 Ab 3 3 4SS4T,
PEHL 1.2.2.1 45 51 Fir 45 3] i) o B0 R 85 U B S 1 AT
bR o
1.2.2.2  Bacillomycin ££5 #H4F  BUS P~ Bacillomycin
PSS ARBRIAR [F] 1.2.1.3 J7 325 ¢ T T Ak I Ak 3 T R
BN UIVE /K FE 435 f# , 10000 r/min B0 K UTE ,
P U EE A 3 mg/mL 1Y) Bacillomycin FE¥&
1.2.2.3 HUEY i Bacillomycin ZbFEJC K HX 100 g
TR, [ H A 1.2.2.2 #4519 Bacillomycin
BE M HE AR 1 B 0.0.03 10,09 0,15 me/g,
FEATIRE] , TEASLHL ) ROK B B3 A8 254 T ik o
1.2.2.4  HFREP A )E RKREITFE  BELEY
BIALEE 15 d J5 0 K WS R UL | £2 35 LA S AUk
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Fig.1 The fatality rate and positive mutation rate
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of Bacillus subtilis fmb] under UV mutagenesis

FHIE 1 2R A £k n] LG Y, Bl 35 45 26 Re G i)
[E] BN, PRAASSOAE SR B T G =, B IEAH G E R, 7E
0~40 s i}, HAEBER 20 _ T 78 40~80 s B, B4
RN RN G, HIERAARIMLR LG H,
Rl 5 55 1 B G Bk ] (R 38 4, B AR IE 28 A R B SE TR
Ja TRERT . 7E 60 s F1 80 s A, B AR B FE 2 1k F|
85.2% F1 86.8% , IF. 5 78 & AH XF ¢ 51 2 40.33% FI
44.87% , R #EHL 60 s F1 80 s W1} [A] 25 12F R 22 41
A I A S
212 &Hr© Bacillomycin 1) 9 A% B B 1Y T4 1%
R FHE AN BR G [E] 60 s £ 80 s A TH5AE , il W)
i , 453 4 kR Bacillomycin 7 4t B g $12 /%55 09 TR B , Zhi
S4359°8 UVe0-3 . UV60-4 UV80-12 UV80-13, X}
PO RR BT EAT 52 07 , H: Bacillomycin P Q& 2 FiR .

HE 2 AT AF 1, UV60-3 . UV80—-12 . UV80—-13
—RREE Y Bacillomycin &g i 55 X B HH & B RR, 7
R EAHE  BF R UV60-4 Y Bacillomycin y= g %%
H A BRARE B B 32 =, &k 306.31 g/L, J& i & B AR
By 1.32 4%, A fRpE AT e fe e M e .
2.1.3 &7 Bacillomycin &A% (19 38 1% F2 5 PE B 58
4 52 i 452 19 /55 7 Bacillomycin (YK UV60—4 E4T
WHR R PRI RE , B AR1Z 1R 10 AT Bbacillomycin (1)
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Fig.2 Bacillomycin yield of mutant strain by UV irradiation
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Fig.3 The genetic stability of high—yield Bacillomycin
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2.2 Bacillomycin iia KK EMB S TR
221 JOKEMEBERFRZAMOER AR FERE %
PR, a1 KoK AR B n Ok = 1 9 iR A5 A T VR FE 4 1Y
JK, ZEAE A 30 d DL PY DA WL 3] Rk 8B WL & A= B
AR B B 1A] CRRAN < ) SR R AR FE B R I W oK 10 55
ASIEM , FFASEE RN 1 iR,

M1 ATLUE Y FEME IR RS 5 CA120 CHY,
TR ESRINA KBNS, B R TR E
%, B AT BRI AR 18, A2 K 2 B3N, ok ka2
HE, PR JC v W 3 ROR R & AR T B B ARk, R
KEEE K B FEAD s e R S 25 °C K H DL A,
B RSEAE I O KO I A T EAR R kA T H
AR Ak, LA S A R 09 T (25~40 °C) , BB
A EEAR P, ROK BRI Bh A R W S5 AR AR B9 B 1A
ARKE . AE 37 °CLL K 40 C Ry, R AKRREITH AL B
2 AL B BHE]ArB) R 7T~8 d DA K 6~7 d, A% i BE 455
P, BB Y R R BT IRE 37 CHECNHE W,
WA FH 37 °C AR RO BE AR 1 TR B 4514

LA 37 °C R0l RO B AR B0 1R B 45408, X Rk itk

R AR KK A 1 520

Table 1  Effect of different temperature on rice mildew
REZ(C) 5 20 25 30 37 40
KA I A AR I ) (d) >30 >30 21~23 12~13 7~8 6~7
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Table 3 The sensory appraisal of rice

A

Bacillomycin

BR(uL) R (mgg) BRI
0 0 KA B T A IR T WL T2 1 A 7 TR
» 003 ) SO A PRI IR T LR 2K ATk R
0.09 45 KA R A — i BTN, S MAT T A AR R
0.15 68 JOKETEREHT A7/ BRRT R SEREH B K B WA 050 AR AT 7 F
0 0 65 JORELIENS I AT TR AR R SR W AT 5 KR A B T I

TE 10 20 4153, WP ARIE :8~10 J34f 36~8 J3Hhf ;4~6 73225 /NT 4 73R 2%

AT B A DL R K 4 AR R O 35, T AR 4 SR an
T2 A,
22 A[FETKAT LA K ih a0 FOK B AR 52 )
Table 2  Effect of different water content and

inoculation ammount of Aspergillus flavus on rice mildew

i _ ERERBIKE AR (L)
el (mL) 300 500 700
KT TR 1 >30 >30 30
yodasU i kTR 0] 3 20~23  14~17  10~13
Ff ] (d) 6 6~10 7~8 4~7

2 AT LLE 7637 C A5, BEE Jokik
ST B IG , ROKBCE IR & A2 W W AR i B
[E] AR5, FOKRFFAB I [A] A8 5, 27K 53 BNz ik 5 6 mL
B, BREEIK 431 SR FE AR, A5 AR B E] B A Bl o oK b
AR I A B0, JOKBCE T 4R kAR e 3E AR L
PR ] AR 4, ROK B AR B A1 AR 6 o Sh 1 U I Rn ) &
TR AAFEAR AT ZL, LA 8 d ZEA7 R KOKR FR I
Uf & A= BH B AR A B TR] SR B, S B OK B2 6 mL
AR (3.3 x 107 cfu/mL) B2Fh LA 500 pL A8k
KREEAZ 551

ZRa R 1 MR 2 G54 B R HRE Sl 37 °C
Kt 6 mL, B2 (3.3 x 107 cfu/mL) $2 A ik
500 pLiX =&AL SR 1 2 I B 55 AL
2.2.2 PP SIS FOKEREVEE W ROk TR
DA R = B9 PT P IR Bacillomycin fi# g 15 d, 4R )5 XK
KA TECE PR, IS4 R ANER 3 s,

3R 3 AT LIE H, BifiE K Bacillomycin %50
B2, RORE AR E &R, K& R &
2 500 pL B, @] R SK HEs im0, 0.03 meg/g 1Y
Bacillomycin A fh B}, FKOKIBCE S BTk 25, KA H 5%
AR [ JCKHR RN 0.09 mg/g | Bacillomycin B}, KK
BEA B L, AT — AR Rk P g
0.15 mg/g 1Y Bacillomycin B, KAKATIIR 45 B 4 i) 4
PR, FNTCHE RGN 25 ALBCE et — 3, Bk,
0.15 mg/g 14 Bacillomycin /@A RN T Rk
WA
223 PIHEWRALILE RCKABDT R il 2 3R 4
B INAS [A] & /) Bacillomyein K #8115 12 1H 7Y 22
R R i ||l (2 = N N A o o 1
KU R4 W LU, B KOk Bacillomycin
B0 iy va 20 LA N A s B Ta] 69 38 0, oK g s 12 18

ASR, TR p R B AR BT v/ . e B &R YL
FRBITE LT, 24 Bacillomycin 4§ Jil& A 0.,0.03 mg/g
B, I 5 i 9 s Ta) B4 %8 i, Ak B 2H 55 00 8 gl B 42 Fh Y
25 2 AH EU A 5 IR (B AH 25 48 R, B AR g, SR &8
iof 15 d BEREL, ANk & O mg/g F10.03 mg/ g Xt B 1K
KEABARR . 4 Bacillomycin #1124 0.09 mg/g
Bt Bt 5 i g s 18] P8 138 i, Ah B 2H 5 006 ¥ i B 4 Fh Y
25 40 AH EL B I BR (B MR SR 22 57 B 38, B AR e R e e,
fitisg 15 d 2 J5 B AR FR R 4K, (022 AR Bl S s i a2
S0 mg/g A — & MY IR 2%, X 16 B 0.09 mg/g [
Bacillomycin [ AINXT ORI MR ARE T —& W
i A FH . #E Bacillomycin (19 %8 il & 2 0.15 mg/g
Ak, i At st 1) A 188 o, A BLEE R DG B i B 3 Rl i 25
FIZHAH LB I BR (B LA 22 5, X Ui 0.15 mg/g
4 Bacillomycin AN Rk B il B E AR T4
S HRIVE o

x4 ORMNRINIIR & A

Table 4 Changes in fatty acid content of rice

#Hh &SR Bacillomycin  JEMFFR{E (KOH/100 g 3% )
(pl) whnit(mg/g)  5d 10 d 15d
0 41.59 45628 495.18
500 0.03 3740 37849  442.82
0.09 3441  317.16 379.98
0.15 3142 4489 6134
0 0 2394 5386  62.84
3 4Hig

LEHMBAR 2 T A W 3L & = TR R AL 5
I, AT LA RO B v B R . AN SRR Y R T
MRIEAT 5 HMBAR 30 ) O L 52 0 38 AR E P SE 5,
B LFFAF—ARERE 1Y B 7 PUE K Bacillomycin (1958
AEEE R UV60—4 , Hp= £ 306.31 mg/L, f& 1 & B bk
My 1.32 £, S0 g5 SRR 20 R T 2SN AR AE$E v 1
MY AR W R A AR b IR A A ™ Y 7 i 5 TR A
EAEH . AEIREES 37 C K& 6 mL 1 ot il 2
(3.3 x 10° cfu/mL) 35 2 500 L 44T, [k
N A Bacillomycin f 35 #] 0.15 mg/g B5F, 7] LA %L
A AOK 3 i #2572, W1 2B 92 T Bacillomycin 7E
B 3 AR B B e S TH Y B o

S 2% 3Tk
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