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KFE(Oryza sativa L)JE=REEREEYZ
— etk AOWEE B REEEN T
JFOR 22— o KA AN T P 2% BEJ (Rice bacterial leaf
streak) R FR A BEMG 44 FR £L i, 2 P e 280 0 i 7
AU B Bl LK A 48 B M 4% B TR (Xanthomonas
oryzae pv. oryzicola » Xoc) {2 YL 5| i (1) — Ff 41 B 4
R KRR 38 AR I BE O A L AR
TR WA RLHE S — B 1506 — 2504 . FR LI
A3k 4056 — 60 %6 . I B 20 ik TR [ B DL g £
ANHE DAY KRR 2 — ™ E R R KR 1 A
7. Xoc J&THMRAAZYIF I T [ 5B 194G 10 5
22— ST i o el T A B M AR B 1 K R
s R 20 I B B S AR S ARl e R AL 2 B IR
S AR B IR A O | PR OR 1 S R ATE K
et s & By i vh & 4 A AR L AR VE 2 A0 R A
ANE] 2L EIAE L Ak 27 5k B ) L R BE G Y RN
ok, WARA AT G A 7] R 82 A e i oK, i A= Wy B
1R — R ATy L 92 R P A BT %L 2K
e 5 B A 0 — PR AT A g i AR SR

ZF AT TR — b DR A Bt PR AR IR L AR A
THIANG Tz oA TR IR p R OK A AR
FH 8 A= W B 16 ), — P 3k 7 A= 00 B R 1 BT T IR S
KA E B AE A A VE R 2 8T I (Bacillus
am yloliquefaciens)Lx-11 fg% ;= 1 L 1 i P & (Sur-
factin) , #F # %5 & (Bacillomycin) 1 F J& & (Fengy-
cin) 3 &R IR S & Wy o, Rk 95 58 UE B Surfactin
FEFE ] Xoc (ZY My b & #E T AR, #E4F
SEAET IRRURRL 7 - 8 vl 4 38 B 35 3 % Xoc Rk AF
FIM AR B (X . oryzae pv. oryzae s Xoo) B A HE 1%
P = L ZE A FT B (B altitudinis ) 181-7, An-
tiISMASH #PF T 25 28 R, 181-7 Wtk h & £
A RE I P AR R DR A B A b AR TR (Li-
chenysin) . ¥ T i & (Bacilysin) . Fengycin. 4l # %
(Bacteriocin) ¢, Ul 3€ #r 2 0 4T & ( B. velezensis)
504 2 AL T 1) A0 T EL AT G A A T L i
T 25 5 WK, B. velezensis 504 &5 fenA .dhbA |
sfrAA bmyA JbeaS .d fnA N bacA %5 IS g Ik
B 25 410 B Ak A 0 1 S DR R
AT R B — A A . HFIE R WL, B velezensis
FR V22 Tk HL AT 49 4 7K R s D T A K AN AL ) A
KIRES) . X SERE S FEAR KORE BE b AR T HE 7 2R Y
R PACE =W, 4 3 I8 K (Surfactin, Bacillomycin D,
Fengycin 45) F1 5 B 28 16 & ¥ [ R B 9 It 0 % (Mac-

B. velezensis &

rolactin ), #T T & ( Bacillaene ) #1 #i 3F 78§ T
(Difficidin) %]

Az B5 TR N AIE S FCR A Ry 100 T 7 i o 2 B p =X
HYIRES 5 T & . K S 5 e AR B T O 5T S N )
BRI R AU kB b S [ Y IR Ry
R T SF A N G A R B T A o R TR M T Y
WAERA B E R, A 2% E ik kR T
2. B. wvelezensis YH-18 4 Zf fil 7 & & LB
(Luria-Bertani) #] 4 5 77 e $2 5 9. 48 5. sk =
AUV i B RE L HE AR M AR B. subtilis BAB-1 7 Sur-
factin BB . He Surfactin 7 5 1K 21 DL 2 Bl A 5k
B0 3 A%, v 452 U0 4510 ) R B 9 G Ak B R
B. subtilis =500 477470 T k55 % ik J5 5 A0 2l A6 ) 3
B RRAE ) 4R I 15 7 B TP AN RE AR 77 1Y Fengyein, Uit
Hb o BRI [R] — A 8 YA R B b HE i i T 2R A
W AEAE: PR B R AS [R) 118388 % 8 55 L A B AR AR AR S 3R
3l B MR R AE E 22 RO, DL AEOR M 1Y B.
velezensis W PRI K BE 4k 15 R ), d vl W' A4k B.
velezensis TCS001 T ¥k ) f A£ & W 45 14 iR B2 25
C R BTSSR 36 h; BEMEM 5 IR B. velezen-
sis HC-8 T bk i e 1 K e 5 1 il B 37 °C L R e B
FRiFE] 48 hy H6HEE S5 B 55 & B B. velezensis
YBI19 BBk Y fei 35 77 R A [E] 53502 32 °C il 28
ho HHE EWNANE 247 V5 2 5C T A W B ik 7K F 4i
PR BN (1) I 5T, 52 1 40 19 & I 4% 1 F 9T 380 H 3
=,

AR VR A HT AT 5T S B b 2588 4 DL R B 2R
ST EHAEH) B. velezensis BR-01 B kX Xoc AH B
UF B FE PR B8 T 2 R BB SR T — A Y
5% . AHFELL B. velezensis BR-01 ## T # &
U W Xoc Y4 TR P8l 1A% O PR S &, 3 0 42 8
TR J08 VL P 0 R T 1 K ] 4 4t v e TR IR ) 9 B L O
A 6 1% - 57 3% Bk FH (Liquid Chromatography-Mass
Spectrometer, LC-MS) £ AR % € U & K, 1% B ik
— 5 B W 5T MR SR Y K H A= By S 5 4t 3
Fa .

1 MB5RE

1.1 #ay
L1.1 BXEH

IK FE AR M 2 B8R 1 (X . oryzae pv. oryzicola)
GXO01 , i 3 AT 4Rl 2E 9y B8 5 A 4 5 R ) 5K o
seug AL DUSERR 2R AT B (B. velezensis ) BR-01
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R 70 B F R 2 b DLRE R B 2R 20 21, A i A S 56 v
T W 0T 7K A 40 T P A% B TR LA A I i PR
SR TR H AR 92 0 3 i IR AF S

112 #hX3EAE

LB H 35 B BRI 5.0 g/L AR 10.0
g/L.NaCl 5.0 g/L;NB (Nutrient Broth) 3 % . 4
P 3.0 g/ L BERHZE 1.0 g/L MRS 0 g/L;
PDB (Potato Dextrose Broth) 1% 3% 3£ . 5 £ B2 ¥;
3.0 g/L A0 20. 0 g/L; Landy 5535 % . L- 4% & MR
5.0 g/ L BERHERY 1.0 ¢/L L-EHREAM 2 mg/L.
WA B 20.0 g/L.KH,PO, 1.0 g/L.KCl 0.5 g/L,
MgSO, » 7H,0 0.5 g/L,FeSO, »« 7H,0 0. 15 g/L,
CuSO, « 5H,0 0.16 mg/L,MnSO, 5 mg/L; YSP
(Yeast Sucrose Peptone) 3573 . S H Kk 2. 0 g/L .
FEEEY 1.0 g/L.BEM 4.0 g/L; CM (Complete
Medium) 85 55 55 . % % % 5.0 g/L. (NH,),S0, 2.0
g/LFr B 4N 1.0 g/L, MgSO, « 7H,0 0.2 g/L,
K,HPO, 4.0 g/L.KH,PO, 6.0 g/L; NYBD (Nutri-
ent Yeast Beef Dextrose) B35 £ . 4 HNE 8.0 /L. B
PRI 5.0 g/ L I HE 10. 0 g/ L. PL R FREER
pH EERITE 7.0 - 7. 2, [ A B FR LB R N 1. 5%
TR o
1.2 FHiE
1.2.1 B.welezensis BR-01 AR LA BEZRBHRTH
&

PL Xoc 46 78 B, 2R AR HEAR 5 A+ 52 38 ik
M5 B. velezensis BR-01 P& bk & I U8 MR 25 14 10 147 15
PEEOY OHR 4 CCARIRES O S ZRIE MY B. velezensis BR-
01 FbR A e 106 W, 38 3 LA 0. 22 pm 1Y 20 7 3 U8
A B IO K R . O DR UE S 3R LR &7 58 L 1 5t
TERS FRILE R — 2 1 mm JEJE K B , 0 E 4
HAR . R AL NB ARG R B R E 45 °C,
L 0. 5% AR 8O A 10° CFU/mL (946 78 T
FE RS R BT ¥ H S B 2 AR, AL
A 0.1 mL JE TR K U8, LA A S5 e I 4 R ik |
THWC A XTI 3 AR, 28 “C 1H i 1% 5% 46 v 31
EHER 2 d WLEETR I AR B AR
1.2.2 B. velezensis BR-01 & #4746 & 8 32 7 %
i it

M =80 CUKFETHLH B. velezensis BR-01 H i
R TR A IR R R 1. 1. 2 T 4% 0 B AR R R 27
tie bo 28 CREFR 48 h &, Pk UCE 1A 7% $2 M 22 %60 B 1Y
WAk sE F 3P, 28 °CL200 r/min 41k T 55 3% 48 h,

Z MR 1. 2.1 75 il 5 & ) IR R 5% 5R R T R T I
BRI R G M I A 3 AL B,
1.2.3 #HZXE

DL 1. 2.2 5 S L35 3% B M W0 i e 5 o 2k L 3l i
AR A 2] 43 2 R B Bl AN R ) 1 5 A A i e
ZHZE X} B. velezensis BR-01 B % & B2 3E 0 B 1%
PER S MR, B R AR A S 1 45 SR 1E B S 19 45 AR AR Ak
By, CDBRUE 0900 06 K T 555 35 355 v iy g L (it B 42 B
Y1) 53 590 5 o R A R KB E A L RERE L 2R M
HE RV 00 OF R S e IR R B L (2) ER BT 4R
W % B v i RUIR CERE 1 ) 43 0 45 o 2t 5 46 hy 4k
AR A B ERE SR Y L EOMORY B A R R
RIP B EERIIRE . () TCHLEE  IE0) i & s
Fr 5 L Ab B 4y B P e CaCl, . MgCl, . CaCO; .
MnSO, K, HPO, , is 4 0. 1% (W /V) , A E N
TCALER AT IR, (4) pH (B . BE BT Uh & B 5 37 3 )
G pHEN 4- 9, H 6 MBS, (5) KBERTE] ;%
BRBEREIN12-72 h, EH 6 M., (OIRE. &%
HIRRIE SRR R 26 - 36 C LK E 6 NBEEE, [
B % HE W0 5 #0100 mL 4833 250 mL = A
WG & B A 28 °C L200 r/min B5 5% 48 h, &
HEC1L 201 19 o A 45 A B A T U0 YR I L S AR
B S EE 3 WA,
1.2.4 Plackett-Burman (PB) X ¥

8 B R R LS 45 51 . R ] Design-Expert 12 4K
4 PB & it g A7 80 5 11, L B. velezensis BR-01
RIAR T 0 VA AT P A Sy i) o7 L 82 5 A oy
KRBT A REZ S (+ D AR DFA K
VLR ESE 3K, SR 1201 Wil A S A #E A
R DR I I 7 B A4 B 3 L f ] Design-Ex-
pert 12 B4 kb P 3 50 K440 3 4 07 22 0 A 4] W A% I
REX R A R E B R L 1,
#1 PBIKMEZRSKTFEIT

Table 1 Factors and levels design of PB experiments

JKF Level
% i —
Factors Symbols (-1 mC+1)
Low (= 1) High (+1)

Maltose/(g/L) A 6 12
Yeast extract/(g/L) B 8 16
KH,PO,/(g/L) C 1 2

Initial pH value D 6.0 7.5
Time/h E 36 48
Temperature/C F 26 32
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1.2.5 By i

FRAE PB 55 45 21 52 ey A e 25 R 2 R L AR
Ear s N Z G IR Rk, BEREL K
T 15 HCAIONE T 1] — B0, A i 35 R 3R B IR 3R R fl ok
V- 38 i E T 43 3 e T K T 4 R B (L
1.2.6 &2 &@E4X s

188 3 e G T 4B 3K 90 ) o 2 5 ) R 1 4 B A 21
4. LL B. velezensis BR-01 B ¥k K& BE3E W X Xoc 1Y
A R LA D R A 8 5 Design-Expert 12 4%
i1 3 1% 3 /K F Box-Behnken iR 5 (£ 2) , @ 7.
KW A I B0 E
% 2 Box-Behnken K36 E & 5k £igit

Table 2 Factors and levels design of Box-Behnken experiments

% P! K- Levels
Factors Symbols -1 0 41
Maltose/(g/1) X, 11 12 13
Yeast extract/(g/L) X, 13 14 15
Temperature/°C X, 31 32 33

1.2.7  #H ARA RAR & K B 89 4

MR8 SCHR[21-24 1Y J7 ¥ B FH 48 S P 5 1 4 A6 Tl
Iturin,Bacillomycin D, Surfactin,Fengycin. 1 Bacil-
ysin 5 Bl BT B IR A 5 O G FE ], PCR R 14K %
1 uL #4 DNA,10 pL 5% PCR buffer,5 uL dNTPs
(2 mmol/L),1.5 pL I FilE51# (10 pmol/L),0.6
L DNA polymerase, ddH,O #b /& & &K & FLH 50
pL. PCR Y4495 °C 5 min; 94 °C 30 5,60 C
30 .72 °C 1 min,30 ME¥#;72 °C 5 min, PCR *
YT 1.5 06 (0 S5 W B JC H Dk A A R/
1.2.8 &ARETE 1% K 5 AT 40 H Ak

S Xu B M B, velezensis BR-01 B
R R B B E W b A AR S P AR B . SR T LC-
MS #a; i) Fn 43 A B AR, FI ] Thermo Xcalibur 4. 0 %
AR 0 R i 1) JOT A - PR AT BE G /=) DU AR 490 TG 1) AH
Xf 43 Of Gl G b B W) B i E B BR 7 A 09 R Ik
o

3% % fF: ACQUITY UPLC BEH C18 5% #:
(50 mmXx2.1 mm,1.7 pm), #& 30 °C; H 3h i+
B 10 °CHIE B T (EST+O BN shAH A
0. 100 WK, B Ry HmE, FF & BB BE IR AL 7 : 0.0 -
2.0 min,95% A-95% A;2.0-13.0 min,95% A—
5% A3;13.0-16.0 min.5% A-5% A;16.0-16.1
min,5% A - 95% A;16.1 - 18.0 min, 95% A -

95% AL, #E N 0.3 mL/min, HEEEARF N 2 ul, B
T A5« B TR R i BB W 55 CHESD , i B2 Ry 300
CHIEE TR R RN 3.0 kV; &4 T4 17
J& 320 °C 851 30 psin Hii B UK S 10 psi; 4
Bl Full MS/dd-MS?, Jit it 2y 200 — 2 000 m/z, —
PATE TN Z A 53 BE R 43 5 0 70 000 (FWHM)
117 500 (FWHM) , i 8 . = 4/ <.
1.2.9 #EHH

BRI E DML EE 3 KA R R £
WfEE "N, i Design-Expert 12 # 1} #t47 PB
196 B 7T A1 Box-Behnken i 56 1% i1 I oF 17 204 4>
Br, 45 BI40A WE 5 L AT R e 22 e .
SPSS 20. 0 348Xt s A0 4 15 5% 2 0 RO e 4
WAEATGE 0 M7 348 FH Duncan ¥ BEAT 8 3% TE K 56
(P<20.05),

2 HRE5SMH

2.1 iEFTF B.velezensis BR-01 Bk X B IZHE
I 1
B. velezensis BR-01 B ¥ th A [\ 14 %] 46 K5 97 3
RBERE SR AR AT 1 R I DAY 410 T 0 T A I Y
254k (&l 1), B. velexensis BR-01 H ¥k L LB £ 35 31
1 Landy 3 3% 5 4E S ) 46 K W 35 7% L i, H % 192 08
VR 400 TR O e O T A I R R T B AR 4 )
H(27.940.7) mm FI(28.0%0.9) mm, W #H T
FER, BB EMANRK. LB 8 R &N B.
velezensis BR-01 T8 Ak HE W) I K BERE F7 3L
40r

30t a a

20t d d

Diameter of inhibition zone/mm

NB LB PDB Landy YSPNYBD CM
Intial medium

Different letters show significant difference at 0. 05 level.
BT AN [ ) 46 5 3R 2R 35 JR AR A3 1) B. velezensis BR-01
TR R T 8 Y X 7 AR A T 2% BRE S T 3 T T A 1 5 i
Fig.1 Effects of different initial media on the antibacte-
rial activity of B. wvelezensis BR-01 fermentation filtrate a-

gainst Xoc
2.2 BFERABEZHNREEREMRK
TE PR R AT oy, DLZZ 20 0l ik I L DA I8 B 4 X
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YR BB, B, velezensis BR-01 B # & BE 1E W %
Xoc I P B4R 53 S ORS fe KAELIE 2: () L (b) ],
LR 5 27 250 T B A Rk O W B ) v L T T PR
BRI B/NEELE 2. (o (D], 5=
FI % R 2 (CRO AR EE L 38 i MgCly it & B 98 3410 18 7%
PEFE W A 2 B CaCl, . MnSO, 1 CaCO, S i
SN [ R R M I AIG J TE U0E VA RS R U IS
KH,PO, 7] UL W& 30 48 /& A& B U8 W 0 & 0 Pk LA

B/
w

=

E

2(e) ], B.wvelezensis BR-01 WARTERI MG pH E N 7.
32 CEM T REER: FF 48 h 15 2| 1Y & B I8 X Xoc
A4 7R P B AR A B R (LI 20 (DL (@) (h) ], #
K ZiRE 25 R FKWH L, B. velezensis BR-01 B £ 10 ¢ &
B Ry 22 250 B R PR T O 11 g/ L B il B
T B 52 ) dclh AR MR E O 14 g/ L i idi TohLE N
KH, PO, , i pH {Hl 7. fidi &K WIS [A] 48 h, i
KWL 32 °C,

40 50 (b) 40 a . © 50 (d)
L L L bcb b g b c A a ab
§§30 §§40a a @ §§30 §§4O b c
S o s o 30 b S O o & 30
= g = = P
5 520 Qo Q 5 o 20r g, o Q
3 N B N20 c 3 N 35 N 20
= = ¢ = =]
sz10 S510 s 10 S510
[ As ﬂ d [ [
O O |||||||| O
& FIFELS S ISR OIS 1357911131517 2 6101418222630
SR SN . FTTE F
%\%&Q S o é\%Q@ 0\0 Q@% @é@ﬁ;\ 6}’& @Q@@*‘\ Maltose/(g/L) Yeast extract/(g/L)
<& ARG
50 50 (g) 50 (h)
L L L L a
El: £E40 E£40 be 8 20 g§4odcbb .
EE $7830 5830 3830
58 55 58 5 &
P BT 220 B N20 B N20
£ 3 £ 3 = £ g
=25 =25 =510 2210
azs10 aE10 As A5
0 . 0 L L L1 L o TR TR L 1 1 0
ad C\”Q\”%O’O’QO’ 3456738 910 0 122436486072 84 2224 262830323436
QC? BN o i :
W @2‘ ¢ Initial pH value Time/h Temperature/°C

Different letters show significant difference at 0. 05 level.
B2 AR ZMT B. velezensis BR-O1 Bk A& 1 I8 W 0T 7K 7 4H P 1 4% B 003 7 410 181 376 2 194552 Tl

Fig. 2 Effect of single factor on antibacterial activity of B. velezensis BR-01 fermentation filtrate against Xoc

2.3 BHREREZEBEGHNAELK
2.3.1 PBRXEZLZR

PBIAI it 545 R W3R 3. Moy 240,
AN ) B PR 20 & T 45 R AR T RN ) . o 42 25
#3 PBIRIEITS4HER

Table 3 Design and results of PB experiments

ISIA
2

B CA) JBERERE B (B) IR BE (F) f2ma i 2 (P <<
0. 05) HAB K IERL N » 3 PR 2K 44 5% il A/ L R /NHE I Ry
TR (F) >EE R B (B) =242 2 (A) (R 4) , i L
X 3ANHEEFAT —HIAR,

i A/ B BEER A/ C:%(Mﬁ;ﬂ’f‘#/ DI pH i N e B AR /mm
ijzer A ;i{lltgse/ B: yea(s%/el;()lracl/ C: KI%IZ f’()4/ D:initial ]IE;: ?;Jrli,//l'lz F. 1;:13251/1;&/"0 inlaliil)rirlliifrz;)rfle
(/L) (/L) (g/L) PH value /mm
1 6 16 2 7.5 36 26 37.2+0.5
2 6 8 1 7.5 36 32 38.6+0.9
3 12 8 2 7.5 36 32 39.0+0.6
4 6 8 1 6.0 36 26 34.0+1.0
5 6 8 2 6.0 48 32 38.4+0.3
6 6 16 1 7.5 48 26 39.0£0.7
7 12 8 2 7.5 48 26 38.3+1.2
8 12 16 2 6.0 36 26 39.6+0.2
9 12 16 1 6.0 36 32 41.5+1.0
10 12 16 1 7.5 48 32 41.7£0.6
11 6 16 2 6.0 48 32 39.8%£0.6
12 12 8 1 6.0 48 26 36.8£0.7
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Table 4 Statistical analysis of PB experiments

i SN iuAL] FA{H P {H A
Symbols Factors Effect value F value P value Importance ranking
A Maltose/(g/L) 0.8250 9.56 0.027 1 3
B Yeast extract/(g/L) 1.1417 18.30 0.007 9 2
C KH,PO,/(g/L) 0.058 3 0.05 0.8356 6
D Initial pH value 0.308 3 1.34 0.300 0 5
E Time/h 0.341 7 1.64 0.256 5 4
F Temperature/C 1.175 0 19.40 0.007 0 1

2.3.2 KRR AKLER

e BENCH R 45 R I 3% 5, b R WA AR
2 SFME 12 g/ LR IRY) 14 o/ L G FRIRIE 32 °C.
®5 RERHEEERERITSER

Table 5 Design and results of the steepest uphill experiments

T KRBT . B. velezensis BR-01 B ¥k & T JE T
Xt Xoc MINE B BHA R KN 42. 1 mm BUZ4 50
M o s L HEA — 25

P 5 R/ (g/1) WERHR IR / (g/ 1) R/ C P A2/ mm
Number Maltose/(g/L) Yeast extract/(g/1) Temperature/C Diameter of inhibition zone/mm
1 10 12 28 37.0%£1.1
2 11 13 30 40.1+0.5
3 12 14 32 42.1+0.4
4 13 15 34 35.3£0.9
5 14 16 36 29.5+0.5

2.3.3 Box-Behnken X %4 %

Box-Behnken i ¥ 511 545 R ILZK 6., i De-
sign-Expert 12 # {4 % Box-Behnken & 4 0 3% 7F 17
ZIo 3G 15 5 B. velezensis BR-01 ik & B2 g
WA T B AR (YD) X 22 20 (X)) C B BE R UL (X)) |
W (Xo) 1 [0 H J7r 2. Y = 42.07 — 0.58X, —
0.26X,+ 0.71X; + 0.43X;X, + 0.13X;X;

% 6 Box-Behnken iXI&iZit 5% R

Table 6 Design and results of Box-Behnken experiments

0.50X,X; — 2. 23X, — 0. 41X,, — 1. 76Xy, . 72007
R WK AR m H 5 B P {H<<0. 000 1, A4
WEERIGHUE P = 0.240 0>>0. 05, 24 2L 30 A
EOBAMRERZ /AN, BB E RER =
0.992 5,/ IEHRE R E R = 0. 979 0, BRIl A J¥ 4
U RO AT A5 B A (R D)

=) X, 222 HE/ g/ L) X, WERHEIRY/ (g/1) X fE/°C Y A B 42/ mm
Number X, : maltose/(g/L) X, : yeast extract/(g/L) X, : temperature/C Y :diameter of inhibition zone/mm
1 0 -1 -1 38.8+1.4
2 -1 0 -1 38.0+0.7
3 -1 0 1 39.2%£1.1
4 1 0 -1 36.7+0.6
5 -1 1 0 39.2%0.8
6 1 1 0 38.8%0.6
7 0 1 -1 39.6+0.5
8 0 -1 1 41.24+0.8
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£ S
Continued table
253 X, 22/ (g/ 1) X, R IRY/ (g/1) X,/ C Y A B B A%/ mm
Number X, : maltose/(g/L) X, :yeast extract/(g/L) X, : temperature/C Y :diameter of inhibition zone/mm
9 -1 -1 0 40.9+1.2
10 0 0 0 41.9%£0.4
11 0 1 1 40.0£0.1
12 0 0 0 42.2%+0.6
13 1 0 1 38.4%0.9
14 0 0 0 42.1+£0.7
15 1 -1 0 38.8+0.3

% 7 Box-Behnken X3¢ % i+ 247

Table 7 Statistical analysis of Box-Behnken experiments

U 5 FI A B2 ¥ F {8 P
Source Sum of square Degree of freedom Mean square F value P value
Model 36. 86 9 4.10 73.36 <<0. 000 1
X, 2.65 1 2.65 47.37 0.001 0
X, 0.55 1 0. 55 9.87 0.025 6
X, 4.06 1 4.06 72.74 0.000 4
X; X, 0.72 1 0.72 12. 94 0.015 6
X, X, 0.06 1 0. 06 1.12 0.3385
X, X, 1.00 1.00 1.00 17.91 0.008 2
X1y 18.42 1 18.42 329. 85 <€0.000 1
Xy 0.62 1 0.62 11.03 0.0210
Xy 11.42 1 11.42 204. 46 <<0. 000 1
Residual error 0.28 5 0.06
Lack of fit 0.23 3 0.08 3.32 0.240 0
Pure error 0. 05 2 0.02
Total 37.14 14
R* 0.992 5
Adjusted R? 0.979 0

K H Design-Expert 12 3K, M4 iR L& 7 2 AT BN LLN Sl e 05 58 2 2P (X)) 11. 82 g/L.
204t S =5 DR T) AR AR R o R BT (B 3D, BEREER IO (X013, 42 g/ LR (X032, 3 °CL e K
F 25 SR AT R, e o T P B Sk o P AEAE R R SRR R AR U R 42. 3 mm,

AT e RAB R & W 25 F A& o 38 3 300 Kk 1l 091 O
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(a) Maltose and yeast extract

Diameter of inhi-
Diameter of inhi-
bition zone/mm

bition zone/

14,
ey, 13.5 11.5
ez}, 130110

(b) Culture temperature and maltose

94 w‘v‘{\‘{
GRS

& Q‘

X XN

(c) Culture temperature and yeast extract

742758
AL T
205200 299.%
V277 m,a{_{l,;zg‘

T

ST
‘s§ \ [ 755
et

Diameter of inhi-
bition zone/mm

PR3 4% 4 57 DR 30T 41 A 5 LS T Y ) L T

Fig. 3 Response surface diagram of interaction of culture factors on inhibition zone diameter

2.4 Im Rz E A FHRIE

Fic I8 Box-Behnken 2 56 1 I8 10 £k & % 2% 1
FRR GEBAER AR ML BRI ERERNER,
BN AR A e A F AR < 22 20 11,89 o/ L WF B4
B 13.54 g/L..NaCl 5 g/L.KH,PO, 1 g/L. %
pH {H} 7. &K BERTH] 48 h G FRIRE 32.3 'C. W
MR IO TR B O 2% 4 0 AT AT M 7 Ak T 22 T il A%
B. velezensis BR-01 T ¥k & 7 18 W 7F M & H X Xoc
MBS RIS BT 3 b HE . 45 R BoR.B.
velezensis BR-01 B £k & B2 U8 & XT Xoc B0 B &
2 (42.5+0.2) mm (& 4), 5 [ 5858 F500 1) f
KA B B AR 42.3 mm AHIT, 3 W] [8] 05 450 A0 45 313
E,

(a) Control group (b) Before optimization (c) After optimization

Diameter of Diameter of Diameter of
inhibition zone: inhibition zone: inhibition zone:
0 mm (28.0+0.9) mm

(42.5+£0.2) mm

Values given are the means * standard deviations of tripli-
cate measurements.

B4 H3EFRHZRBE B. velezensis BR-01 W # &
TR 08 AR AT RT3 X

Fig. 4  Comparison of antimicrobial activity of B.
velezensis BR-01 fermentation filtrate before and after optimi-
zation of each culture factor

AR ] LB 35 3% 2 45 1) B. velezensis BR-
01 P& bR & B U8 W X Xoc 9410 04 B8l B A2 2R (28. 0 &
0.9) mm,. AL HIE B B. velezensis BR-01 B ¥k &
TREUE TR X Xoc Y40 T P B A2 AH LU A Ak i3 1
51.79 %, R WIR U AL K 9 J5 28 7T LUAT 8% 42 & B
velexensis BR-01 & ¥k & ¥ U8 W 19 90 08 06 1 9 g

2.5 MIERKEEXEERNEN

ARIFFEM B. velezensis BR-01 [ #k W B Zh § 1
#)5 Trurin & B SC M9 B ituA Rl ituD 5 Bacil-
lomycin D & WA XN bmyB Fl bmyC, 5 Sur-
factin & W AH R IEH sr fFAA, 5 Fengycin & WA
KHFEEN fenB F fenD , 5 Bacillysin & JAH & 1Y &
bacA Fl bacD (K 5), 45 R FE W, B. velezensis
BR-01 Btk B A 7 A Z R bt @ K98 77 .

bp M 1 2 3 4 5 6 7 8 9 10

Hole M represents Maker, hole 1 — 10 represent ituA ,
ituD s bmyC s bmyB , srfAA, fenB . fenD, bacD, bacA and
non-template control in sequence.

Bl 5 B.velezensis BR-01 [&MRIT I KA UL PR 9 4%

Fig. 5
gene of B. velezensis BR-01
2.6 LC-MS AR5 # & Ak

2T T AT LA 22 R R A4 BT TR IR R Y B
14 B B PR L AR 2 R A X G T T R B 0
AWK LC-MS K8 R 434 B. velezensis BR-
O1 B R 47 T J0ROHEL $i S 199 B 2 » 85 5 X B T B 3% 1Y
0% T v A4 I T B B A 06, AR A VS 0 B R
“ = CH, — 7JIR 10 i £ 25 ¥ S5 Ak 23 B 5% v i — &R 41
B ZES 2.5 TR IR B 5 R DR A G DN 45 SR A
R HEI  COHEM m /2 271,15 R FLH K Bacil-
ysin [ 6 Ca)]; (2) #EM m/z 1008.66, m/z
1022.67 1 m/z 1 036.69 & Surfactin [6] & ¥
(B 6(b)]5 (B HEM m /= 1 044.66.m /= 1 058.67,
m/z 1072.69 Fl m/=z 1 086.70 K Iturin [F R Y[ K
6Cc) s (OHEM m /> 1 463.80.m /= 1477.82 Fl m/

Amplification of antimicrobial peptide synthesis
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= 1491.83 & Fengycin [FEW [ 6(d], #ET Lk Surfactin,Iturin #1 Fengycin (3 8),
IRGE R HEWZ TE PR R] BB AR 4 FR P K : Bacilysin,

(o)
" 2
=t 2
100 i 100 = ~ b
95 (a) 95 IS (b)
90) 90 g
£ £ T 2
o 75 o 75 ~
ER 270 © o @
g 65 £ 65 ° < =
g 60 £ 60 g ol M
) hhl = =
€ 30 R E B =
2 45 2 45 :
Z 40 g 40 2 %
= 35 = 35 S °
S 3 © 2 30 — =+
2 59 = & 33 B S )
20== = IN 2 « 20: 2 o =5 -3 8 - o T =
3528 =28 2 Qaoeg T 2 2 = oz & 52 ¢ 32 |ra 5 % 2 0 S e 5
WEryz & £g g EgE AE 935 0: 2= | = £ E 22 %
u N k=N 3 = — Fm—-— 2 2 < S
3 N A N e, Q| A [ & & & 3 "I,Hr"— W h Bt TR "
250 255 260 265 270 275 280 285 290 295 300 1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100
mlz miz
g 2
- o —_
2 ; 2q
100 - 100 T
95 5 = (c) 95 _ 2 (d)
90 % 90 5 =
85 © S 85 P
80 = 80 g
o 75 b n = o 75 )
g 70 2 2 g 70 T2
g 65 S % ES g 65 S &
=1 — o —_ =1 r - 0 «
= 60 C N - = 60 —~ "% *®
Z 55 2 = ERR E ~ % &
2 3 8 < 2 30 S ks
L 45 - &R o 2 15 = - =
£ 40 g —g 2 = £ 40 g M= [
=5 % o g1 g9 z 381 b % z
£ 505 ||3eS e, 20 & o 3= N S22 352 o Jen
02 5lIrsEs || ~a € 2 8|S NeE=2 2 =g s 8 2| E
— ° IS = . © i, = v = r
g 2| 2T ||| < CZE|||E 8 i 28 Sl T2E T2 F 553
E PN X WA 8 NS 2 A =B S Wit TS A 1 e O 1 1 e
1040 1045 1050 1055 1060 1065 1070 1075 1080 1085 1090 1095 1100 1450 1455 1460 1465 1470 1475 1480 1485 1490 1495 1500
mlz mlz

(a) Bacilysin, MS spectra of m/z 271.15; (b) Surfactin, MS spectra of m/z 1 008.66,m/z 1 022. 67 and m/z 1 036.69;
(c) Tturin. MS spectra of m/z 1 044.66.m/z 1 058.67.m /= 1 072.69 and m/z 1 086.70; (d) Fengycin. MS spectra of m/z
1463.80,m/z 1477.82 and m/z 1 491. 83.
6 Pur AR Y 19 LC-MS 43 H7
Fig.6 LC-MS analysis of antibacterial peptides extracts
* 8 PEMKIEHERYAE LC-MS 5347
Table 8 LC-MS analysis of antibacterial peptides extracts

B M EAH/ (m /=) HT4iER U KL
Measured mass value/(m/z) Ion junction form Antibacterial peptide type

271.15 [M+H]" Bacilysin
1 008. 66 [M+H]" C13 Surfactin A or C14 Surfactin B or C13 Surfactin C
1 022.67 [M+H]" C14 Surfactin A or C15 Surfactin B or C14 Surfactin C
1 036. 69 [M+H]" C15 Surfactin A or C16 Surfactin B or C15 Surfactin C
1 044. 66 [M+H]" C14 Tturin B
1 058. 67 [M+H]" C15 Tturin B
1 072. 69 [M+H]" C16 Iturin B
1 086. 70 [M+H]" C17 Tturin B
1 463. 80 [M+H]" C14 Fengycin A or C16 Fengycin A or C14 Fengycin B
1477.82 [M+H]" C15 Fengycin A or C17 Fengycin A or C15 Fengycin B
1491. 83 [M+H]" C18 Fengycin A or C16 Fengycin B

3 i I T 2 Rk F B E IR iR . Cao 52 b T
v X3 1@ g 1 B (Fusarium oxysporum ) ¥ A B
DU 2R F AT o R L & ML IR ) (Ralstonia solanacearum ) A 5 ¥t VE F 0 Wi £k B.
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velezensis BHURACH ™ 4 I 808 3 3 AR IkIL &
¥ (Surfactin, Iturin #1 Fengycin) . H: ¥ Tturin 7% Bfj
s IR B R EEAEH . B velexensis 1P22 B
R B A% 10 25 Ul A S i S B T R BLRE o B0 A2
f(X. campstris pv. vesicatoria )1z Ye & W) PREL A
TR B0 0 o )P v A €5 3 JB 3 AR T A ) 3
BRI E AR =¥ P ) Fengycin 1 Locillomycin &
WP Wu ZBYUHISE B velezensis FZB42 F 1 Dif-
ficidin A1 Bacilysin Xf 7K A 2 5 i 7 B A7 45 UG 14
AR R TG PCR 9731 B. velezensis BR-
01 BRItk By LN 41 DNA, IRl LC-MS £ER ) 2K
B. velezensis BR-01 B Bk Pt B K i 43 % %2 & Bacily-
sin, Surfactin, Iturin A1 Fengycin, H: ' Surfactin #l
Bacilysin # Ay B A7 §T 40 5 19 Zh B2, 0T g Xk
e A R 2% R T LA AP

B IR A R By 45 U R A ) R A B
5 A AR W) AR 7 0T IR — A B SE T AT R ik
o AHRMA YR P BT IR — A S A R i A
A G I R B EE A RE 1L H AR bR 19 A4 7= M RE 1S
FN AR, ARBFSE L B. velezensis BR-01 &
PRIC IR XS Xoc B4 TR P8l A% Oy TR A8 &, 3 2o 4
1o A TR DU VR ) AT T O P Ok i) AR R TR IR ) R B
TERRIE T 1R 5 T B. velezensis BR-01 T Mk Xt 3 2F
] 20 8 25 e ) T AR A o TN DE B L B Ky
A5 AR AR R ) T SR A ARG 3 AR A I AR B g 4 R
FHAE L AR 55 X e 1 5 BF 5% & BB ¥k B amylolig-
ue faciens XLAO3 [ fe AE Tk I5 - £ K TE M A . 78
RIBIHEIRIS T B. velezensis BR-01 &k JL-FAfE
A TEHL VIR 3R A A HUEIRIE F N S O 47 15 B 2
By HR R A AR o 3R 4R A 2R DR A
HOREE R, X 5ok e 0 A B SR A5 AT, 1
SFUT RS GE KR B subtilis PS VR CaCly 153
HEUE JEL 95 00 T O MR R K & & Y IR R W
MnSO, .CaCl, ¥ H ¥k B. malacitensis 7-5 FHERKE
5E IR FE S B 6 DY & B B B.
amylolique faciens SSYB LA CaCO, Jy JCHLER i 7= £F
2 2 I I TP 2 b B RS I R D 0RO 5 K AR AR AR
RN KH,PO, J5#tk B. subtilis BLO006 [ i 4
IR M AR = . AT 5T A KHLPO, X B.
velezensis BR-01 T Bk & I U8 V1) 400 T80 3% PEAT — € 1Y
PEHAE T EBORA %, 7T BE 2 X Ry 35 3% Bk v i 182
FHEEEY) AT NaCl & 229% '& B. wvelezensis BR-01 B
R R T 7 B0 TR IR X TEAIL 3R 1 8 TR AR AR oK . FE R T

A AL T, B B, wvelezensis BR-01 W #k fix i
pH B 7, AR rh Vi 55 B P PR 45 T 410 T 0 PR e
kg 5 AN BB 5 45 R A L (H S Ye MY 5
KIMHFR B. amylolique faciens S1 & A 764w 55 B2 1
BRI A K AR, B. velezensis BR-01 B Bk
FE 32,3 “C AT 4557 48 h J5 HAW B 6 M feak , Foh
Sz e It I 5 0 4 5 000 0 F o 4 SRR O R T T
5 R e I (1 0 5 4 SR T

HYEE B. velezensis BR-01 [# ¥k 5= $L 7 Bk A9 5E
T3 BTG XoF 7K e A0 TR 2% B 1 A B AN A B 5T
FE LR ORI Y Al L, 6 B 7R I Ay S IR AR R IR
T ZHENAEGRE . MEY R EEH RN E
R IE AR I % 1, 1 A8 3 11 g 98 [7] s e Jost
EASE oW a4 B S A NS SIS e S e SV E]
G o MHIEA I B i T ik i 1 Gl A W i T v o7 {1
[ 53 17 7 o BT G 5 3 e 0 2 A 700 K 75 S5 0 A2
ASHH 5% I e 7 T8 43 BT i i Ak B. velezensis BR-01
TR 7 0 T P 3 5 R R R T 2R A L 5 AE A i BT AR
FE s i 17 T8 23 A 9 e R D I L R SR
% 18 22 DY R (6] A 22 BLAE O A [l )9 07 L i AR OR
WY K B S B AL T T2 iy ke,

254 SCHR A AT FUAS BIF 98 45 5 e BN [) oF U A DL
0T 25 FLAT TR PR AR AE AN ) B9 355 352 25 1 7 AR B B R
KRB R 5 & B AR —E 22 57 X 22 S DUSR A 2
FELAT BT B AR () 485 B0 RE ) AE P0G Z AR ERY SE AL . B.
velezensis BR-01 T& K A 73 85 5 W52 A 7K e 40 A P 2%
B B 2E W B i AL TR A TR W B R S B

4 £

B. velezensis BR-01 Bl ¥ & 7 HT B K 55 77 5 i
JioNZE R 11,89 g/ L B HEHUY) 13. 54 g/L . NaCl
5¢/L.KH,PO, 1 g/L. fxifi KR 0046 pH (A
7K WBERSIE] 48 h AR T 32,3 °C . HUE K 32
A4 % 5 O Bacilysin, Surfactin, Tturin 1 Fengy-
cin, %7 Z A TPE it it LB & B. velezensis
BR-01 B Ak A2 B 1 W . A BIF 5 45 2R O 32 AR 0 18 ik
1 53 15 Al Ak A5 4 S e K (R) A= B ) 45 5 S 9T 4
HET S B

&% 3k
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Abstract: Bacillus velezensis BR-01 strain has a good antagonistic effect on Xanthomonas oryzae pv. oryzico-

la (Xoc).In order to improve the antimicrobial peptide fermentation yield and biocontrol value of the strain,
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the medium for producing antimicrobial peptides was optimized,and the components of antimicrobial peptides
were preliminarily identified. The diameter of the inhibition zone of B. velezensis BR-01 sterile fermentation
filtrate against Xoc was used as the evaluation index,and the optimal medium was selected from 7 common
media. The content of each component of the initial medium and the fermentation conditions were optimized
by single factor test. Plackett Burman (PB) test was used to screen out the significant factors affecting the
antibacterial activity of the fermentation filtrate,and the optimal fermentation conditions were obtained by re-
sponse surface analysis. The genes related to antimicrobial peptide synthesis in B. velezensis BR-01 genome
were analyzed by PCR. Liquid Chromatography-Mass Spectrometer (LC-MS) was used to identify the antimi-
crobial peptides. The results showed that the optimal antimicrobial peptide medium and fermentation condi-
tions of B. velezensis BR-01 strain were as follows: maltose 11. 89 g/L,yeast extract 13. 54 g/L,NaCl 5 g/L,
KH,PO, 1 g/L,initial pH value is 7, fermentation time 48 h,and fermentation temperature 32. 3 ‘C. Under
this optimization scheme,the inhibition zone diameter of the sterile fermentation filtrate of B. velezensis BR-
01 strain against Xoc was (42.5 = 0.2) mm, which was significantly higher than that before optimization
(28.0£0.9) mm,which was 51. 79% higher than that before optimization. The main components of the anti-
microbial peptide were preliminarily identified as Bacilysin, Surfactin, Iturin and Fengycin. This study pro-
vides a theoretical basis for the rapid and batch fermentation of B. velezensis BR-01 strain for the preparation
of biocontrol bacterial liquid, and provides a theoretical basis for the subsequent research on the separation
and purification,structural identification and field biocontrol utilization of its antimicrobial peptides.

Key words: Bacillus velezensis ; Xanthomonas oryzae pv. oryzicola ;antimicrobial peptide;fermentation condi-

tions;response surface methodology
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