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/KEEERENA &S F R EE G AL H
E T R
Tzl R owmTa T KER"
(1. 1l Ky R AEY ¥ E R E ST AmplFEi R YRk 25 B R TR .G

WAL 2 430070)
Q. RULEE TRARR AR #db R 430070)

B ZE.[868] A 400 hAZEFIATA AT 5L BB ARBE LA FHERITFOH K
YBT-2532, H3TEEESEM R ETHE. [FiE] A HE=2FMATH YBT-2532 F AW E Y
R s T . [4R]) ZERMFATRE. Zafk. pH ¥R, 70 °C 432 1 h54%&
BA T5%6 %M, FHAHRAE pH 2.0-12.0 BA8E; ZEHMYRET FE. WET B, RET
A, R Tl s, FRABKEE. BF 2. BAER, F20RMEERR, 7 H
A5 AT 5 B, FHiB i HPLC-IT-MS 7 & #h 2 40 F 2. s AL ay B 48 5 = — 4T 2 4 797.8 Da
B RBAME RN . (48] ZE MR RR S G et R T A2 F AR A E D
JEAE, TTHAFRLAMIR.

KR A& FRAFA, KEEERE, WRAZTHNR, 5Bk

Characterization of an antibacterial substance from Bacillus
thuringiensis against Xanthomonas oryzae pv. oryzae
WANG Yun-Peng! XU Liu' YU Zi-Niu'? ZHANG Ji-Bin"’

(1. State Key Laboratory of Agricultural Microbiology, College of Life Science and Biotechnology, National Engineering
Research Center of Microbial Pesticides, Huazhong Agricultural University, Wuhan, Hubei 430070, China)
(2. Wuhan Yiji Bioengineering Limited Company, Wuhan, Hubei 430070, China)

Abstract: [Objective] Strain YBT2532 was screened from 400 Bacillus thuringiensis strains against
Xanthomonas oryzae pv. oryzae. Its antimicrobial substance was isolated. [Methods] Physical and
biochemistry characteristics of the antimicrobial active substance produced by the B. thuringiensis
strain YBT-2532 were determined. [Results] It is not sensitive to temperature, protease and pH. After
incubation at 70 °C for 1 h, still 75% activity retained. Proteinase K, trypsin and pepsin had no effect
on its activity. The active substance was stable in the pH range between 2.0 and 12.0. It can be
dissolved in water and methanol, weakly dissolved in ethanol, insoluble in acetone, chloroform and
dichloromethane. Purification of the active substance was achieved using gel chromatography, ion
exchange chromatography, solid phase extraction and HPLC. The purified active substance was

*BIVEE: Tel: 86-27-87287701-8206; b<: zhangjb@mail hzau.edu.cn
WimBEA: 2015-01-08; ##SFHHA: 2015-05-11; AT HAR B H(www.cnkinet): 2015-05-13
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analyzed by HPLC-IT-MS. It is a polar water soluble small molecule of 797.8 Da. [Conclusion] A new
antibacterial substance was obtained from an isolate of Bacillus thuringiensis.

Keywords: Bacillus thuringiensis, Xanthomonas oryzae pv. oryzae, Antimicrobial substance,

Purification
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HNE, AR AATT G . STAFAL S
WA SR A5 8, AEYIBIG BRA ML &)
K. X ANFEILEEMA, RIS ER I T
WiE e

I 4 A MOFT I (Bacillus thuringiensis , Bt)J& H
R LE A 251 J2 8 Tl 3 iy
iHe HAEARKME R, W T4HEZR . JRAK.
WEERER . LT R . DU 2R 5 2 M A BT T
PEYIIT . o A B R R B R A R
AR BT, 38 O R R S SR A R ER
AUEYE; PRRCR—Fh RSN, AT AR EREE
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WRIR = G 2F AT IR RO AP TR, ki iy B
TR PR TR P R . B BT E . B AL
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1.1 E#
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PR R B AL
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1.2 EFE

TSB 72501 T YBT2532 WAl &L, thas
PRI 535 11 55 % 7K e 2 P 6 AR D s
LB 85355 15 35 KM A o8 Al e B B 76 4 , PSA
REFR B s 00 D B g A I v . D
FREEM LI 7S BEOSCHR[S-7]
1.3 LW HE
1.3.1 FEIEBEE: RASTLPONIE:. i
SRR SF 48 h )5, B 1 mL & B, 4 °C.
8 000 r/min Z5.0» 15 min FERTEA  FTFLY HOEAG I
TR VR 3 XoF 7 e P TR A 0 1 3 1 . 40 mL
PSA [EREEFRE NG, ASRREIE 50 °C &£
A, AR 3% 2 0 B8 A A A 7k e 4 B TR T VR
200 pL, FE5)JE BPFAR B 5 L S, A% 5 mm
MIFTFLERII ST 6 AL, Bk AR R Eign 3 4
fL, AL 100 pL A B F3E . 28 °C fHR K57
36 h JE WS R
1.3.2  FEIREMKE i WA RCR bR AEALA
Bl B A 10375 AT TR B ), A o o B AR o R TR
T RE Y TR AR, R R
0.22 pm JEMEITIEIRER 2 W, FTHLY BRI X K
FEr B AR AT P ISR, bk 3 A
1.3.3 BREHEMRIE: (1) KRS KEMTH
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FROTE R, AR 10 KR, FhP RS,
WIERAERA I BIDIT, R 5 KR AF1Y4)
Hio (2) WAl M A BikE il 5. 250 mL =i
%A 50 mL PSA WIAKRFRIEE, A 100 pL /KAF#
PANTEERD, 28 °C. 175 r/min $RAKH; 3% 24 h %1k
PP, 250 mL =it A 50 mL PSA AR F7
£, A 100 pL 28k 3 Ak i) 7K e v 5 1 T Aol
28 °C. 175 r/min $EPREEFE 17 h EXPECERKI,
BERAGIEIJCTA PSA 557 BRIt T AT B R TR ik
JHZ 10° CFU/ML. 4R 4 HE 2 245745 I8 il FH 6P
i, fE oA FHAERE 20 5 4 L JCPE/K . 250 mL
SR A 50 mL TSB IR 73, A 100 pL
N HMFTEEM, 28 °C. 175 t/min FEIRE;FE
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WAREEFRIE A 100 pL 2853 1AL Y I 25 4 2R f AT
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MM 8 000 r/min B0 15 min ZERE A, 153 K1
W FiE . YBT-2532 KRR b iG HiK R B i o
TGP B SR H 2O . YBT-2532 &I I
T PV UR TR 5 T 4 5 A%, WRAR G I SR e
JH: G-10, WA bZEK, i 0.8 mL/min,
WP 220 nm, DS =AM, DR RS R
D74 2 f%5. (3) SEBagr 4 41, S35 BT

Greenhouse

biocontrol experiment

Design treated group

Preparation of pathogens
bacteria and biocontrol sample

FRA . BHMEXTRAZH . R g A BRaE | FHERY At
PRA, A 4 BiKAE, 0 5 BROKFS, 03 A
IKFERAE 1A H G, YA, o
AR TIREBCE M A 10° CFU/mL 114 7K R 28 2 1 T
W, SRR 1 em KIS, BN BRZ 200
W TSB 357k, WHUKREEM 2 it he. 0ol 7%
Flr2 d 19 dJEmitAR 257, BRPEXT BRZH ARk
FEWEE 20 mL JCR TSB KEFR5E, PHYEXT IR 2H 4
IKFEmGIE 6.75 mL REER R, AR H gL
FEBEKARME 20 mL &R EIE , RS B
WK AW 15 mL i PEY) BOMERY) . 38 15 d J54¢
TR R B B/ R K B E 43 L, AR TR
Tt BRI R 1 R,

1.3.4 EMYIREBUMERMAR: (1) FHEE UK
P 4 YBT-2532 LA , 8 000 r/min .0 15 min
EERBR, R T B KRR s a2 7%, B
KW RS S mL, 1 JERR TS 2038 10 4y,
By 500 uLo Hr 9 43535111 30, 40, 50, 60 70,
80. 90 F1 100°C 7Kiff/KiAb 3 1 h J5, 115 °C
AbFE 30 min, — G ANEALBEONXTIR . 0.22 pm JEME
TEURBREAS , 7L IR AG I X6 7K e 2 S B 77 Py 4o
HiliEM:, B 3 K. (2) WEAEASUERME. H&
YBT-2532 &P, 8000 r/min &5.0> 15 min ZFRH

Seed treatment
Rice cropping{

Soil treatment

{ Cultivation Xanthomonas oryzae

Preparation of streptomycin, Bacillus

thuringiensis fermentation broth and crude

Negative control (sterile TSB medium)
Positive control (streptomycin)

Fermentation supernatant

Crude extract

E1 EEZHLEREER
Figure 1 Flowchart of the greenhouse biocontrol experiment
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1B, BURTER B 8 mL, 430356 4 1y, &3 2 mL,
W URTIRE T A . Hor 3 40 1 /L (iR
PR KA. R . BEAMHARK 1 mL
BB, A BR BRI R 37 °C, ALBRRH AN 2 h,
% 4y 1 mL ZEM/KA I, 37 °C/KIAL L 2 h Oy
XTHR, 0.22 pm JEREIESREE)S, FTHLY HOER
X KRG VR PR TR B M, FEAR 3 IR (3) X pH YA
M. il YBT-2532 &£ B2, 8 000 r/min 5.0
15 min KBREEA, BUEEER LW 120 mL, BHT
PRS2 60 mL, el 12 4y, Ay S mL, H
H 11 {5 pH 4331 % 2.0, 3.0, 4.0, 5.0, 6.0, 7.0,
8.0. 9.0, 10.0. 11.0. 12.0, 4 °CJ{t® 2 h, —1»
pH AMEAEA AR X R, 0.22 pm SRR IR R T
Ja , FTFLY B A I AR PR R AT, SR
3. KA/ pH A 2.0, 3.0 F14.0 19 3 ZHiE M =
pH 9.0 ffHiE, 022 pm JEEEIERRIESS, FTILYHL
AN K R R R S . pH O 2.0, 3.0 Al
4.0 =443 EH 1 mL, 8 000 r/min Z5.0> 5 min, T
FEFH 1 mL 284K 2%, pH {E1H 2 9.0 B, 0.22 pm
VBT UERR TS, 1LY A A I XS /K e 2 PR M o
ATEYE, EE 3 K. (4) WK IE T

il %% YBT-2532 KB, 8 000 r/min 50> 15 min 2=
IR, BUREER 3 150 mL, 22388 5 1), 40y
30 mL, BRUR TR . 4334 30 mL & HHE .
Afi. N, o, WEEER, 4°CHLE 2h,
8 000 r/min Z5.0» 15 min, JLVERH 6 mL ZEI/KE %,
pH EHMZ 9.0 fffifc, 13F 40 °C fight 75 k75 T H
6 mL ZER/KIZ %, pH{ETHZ 9.0 BHL, 0.22 um JE
PSS UERR A, FTALY FO2 A T 7K A v ERL A AT 1)
WEME, R T 2 AR R R, R 3 IR,

(5) WMWY BT 4y £ s 1 . i & YBT-2532 &
1% W , 8 000 r/min Z5.0> 15 min B, B 10 mL
R L, WURT IR 2 S mL, KB LW
WeAEHIN A 10K HJES, 6 000 r/min 5.0 2 #
WM 500 uL, fiIA 10 mL ZE€18K #h¥k, 6 000 r/min
BOEMMAWCN 1 mL; &R 3K BB HUE,

TR 3KOBUEE B UE R R TR AE 2 S mL,
PR 300 10K L, 3-10K, 3K BLF 3
w53, 0.22 pm JEAEIEBREENE , FTHLY HOERN
XK R B T AR T, DAR TR L3 2 54
JoxIR, EE 3K,

1.3.5 B@REM: FIEANEN 10 mm, HEH
450 mm I BBEEEE G-10 K5, FRERCH RIER
T 5 ARHRARIL, WA A EAtK , Jid A 0.8 mL/min,
R 220 nm, [EISCAAIE, FTHLY BOAN 2 4
TSP

1.3.6 BFXMEN: HIARN 10 mm, FEH
350 mm FOBRIEFA 257 DEAE-52 k5, FRER N ERIE
JENTAE I 2, sl pH 7.4 1Y 0.02 mol/L
Tris-HC1 2% & F1 0.02 mol/L Tris-HCI Z& il (1 &
0.2 mol/L NaCl), Rz # M 1 mL/min, i
KR 220 nm. [AICRS 06, FTFLY RO 00 TR 1
1.3.7 [E+EZEE: 7] Supelclean™ LC-18 SPE [#
FHAEHE, AR B2 i 2 mim B, R
3mL LK . 20% F BKIER . 40% F BKIAER .
60% H /KA . 80% FH BE/K AT 100% H it i
Ve, WEEPPUE, FTHLY HORI S IR T

1.3.8 £EKAME: HEIMHOLEIT TRk
i, DAEAHAEBUZ TS BN RE, BiGE
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YBT-2532 $54H0 7K A w5 BRL M DR % 14 400 JO 114 28 I A
TP,

1.3.9 SHREEIE: SRHORHGOTERA Agilent
TC-Cig (250 mm x4.6 mm, 5 pm)AAFE. FBIHHN
5% BRI, PN, FTFLY B e H AT
1.3.10 —#EGEEIE-BFHRIG: R 40
0,33 - B8 B B (LC-TT-MS ) o] 1] 050 Vi AH 55 1 BB i
TT%5E o i Agilent 1100 series R BTHKH RS, W
AT Wsh AR 5% BEAE W, ik
0.4 mL/min, PEEER 5 uL, MK 210 nm; Fiig
ZMEAR . BT BST (GEB FHER), THeE
320 °C, ASJE 0.28 MPa, TS 10 mL/min,
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BN E 3500V, HOEHSHE 1210V, H
Hi9E Bl 50-800 m/z,

2 g7
21 AoEFRTEEKRRNKEERRERESA
Ufipvid

XF 400 ¥EIR 2 4 ZEMAT IR AT T DK R 2L
PRRIO, 51 BRBAREXT KRS B B R AT I 1, X
AR 51 PREAPR R IR s 2ol i B BRI )
F 3 Kk Bt BERATIZ B X K R BRI T 4
£, J39E YBT-2368., YBT-2474, YBT-2532, 7E
LB B Bt WIEREOCT , 5a R
IR R (] 2), DB B3R 3 4k Bt siikAE AR
R, 43U T I KRS B R R TS
22 BEZLW

FERN 15 d JEI R i R B B/ R
Gt BE B e R B R L], ] SPSS #X
PEIEATALER, BHPEXTRRLL | AT L i Ab BRZL FNTG
PRy TR 2 4 Ab A 5 B ) IR 2 A 3 2 S
&),
23 TEMREBAMER
231 GRESURME: YBT-2532 450K F i B
MY B Zeat 30 °C F1 40 °C ZbFE 1 h X6 A
5 50, 60, 70 °C 4bFE 1 h, MW G BF
TRE; 80, 90, 100 °C Zb# 1 h, JHPEYIFUIGTESE
EHRER2).

B 2 YBT-2368. YBT-2474, YBT-2532 THE A&k L
EIE R

Figure 2 The antibacterial activity of the filtered
supernatant fluid of Bacillus thuringiensis strains YBT-2368,
YBT-2474, YBT-2532

Note: 1: YBT-2368; 2: YBT-2474; 3: YBT-2532.

http://journals.im.ac.cn/wswxtbcn

#=1 AEEFITE YBT-2532 MKfEEAMER
o E =t v

Table 1 The biocontrol efficacy of B. thuringiensis
YBT-2532 against rice bacterial blight

AbFZH PR/
Treatment group Lesion length/Leaf length (%)

L apitet
AT 47£9 ¢
Negative control

HEXS AR
. ﬁ i 40+6 b
Positive control

R LY
Al S v
Broth treated group
) B2k
HARY b ER A v

Crude extract-treated group

T AR FEACEARM B Z MAAFE R E 25, P<0.05.
Note: Different letters represent significant differences between
treatment groups, P<0.05.

232 EARSUERM: S EAN . BEON.
R K AL, 36 PR BT DR A5 X 7K e i PR
DRSPS, ULEA 3 FhER RS T B A
R 3 R AR 2 K RS OB TR G D A
T M (B 3).

2.3.3 pH BYBLRNYE: KK L3 pH A% 2.0, 3.0,
4.0, 5.0, 6.0 BFEPERKIES, pH % 10.0. 11.0.

F2 REX YBT-2532 REER LIFMKIEHRRE
A T BRI A

Table 2 Effect of heat on the activity of the antibacterial
compounds produced by YBT-2532 against Xanthomonas
oryzae pv. oryzae

LUSER NS R AR PREAEE
Treat temperature Inhibition zone Retention activity
°C) diameter (mm) (%)
20 22.2+0.3 100
30 22.2+0.3 100
40 22.2+0.3 100
50 21.2+0.3 95
60 20.2+0.3 91
70 16.7+0.3 75

80 0
90 0 0
100 0
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3 EHEEX YBT-2532 K E#E B AEE Y RIE
(e

Figure 3 Effect of proteases on the activity of the
antibacterial compounds produced by YBT-2532 against
Xanthomonas oryzae pv. oryzae

e 10203 BEM K, BEAR. B AR AR
i 5. 6. 7: EAK, REARG, HEARIE; 4, 8. %
FXTIE; 9. XfHE.

Note: 1, 2, 3: Proteinase K, trypsin, pepsin-treated fermentation
broth supernatant; 5, 6, 7: Protease K, trypsin, pepsin; 4, 8: Blank
control; 9: Control.

12.0 BH{EPERGTR o ULRH IS PR B il pH (i,
£ pH 10.0 2245 (B 4) o e L3 pH %2 2.0.3.0.,
4.0, BE.OWUTNE, FZEMKER, pHIHZE 9.0 [
i, HeEtE . ULBATEMEY RN DIE . KRR T
7 pH M E 2.0, 3.0, 4.0, B.0HCET, # pH M
Ml 9.0 fhifr, IEMEISEIRE . BLRIETEYI A
AR, TR R E pH B EIY pH 2.0-12.0, i&
‘H. pH {E[E>» pH 8.0-12.0,
234 GEMEYIRFEKMESW: YBT-2532 HEbikHE
BRI Y A THEE, IS T OB, NET
PR, e E . HEEEE GRS TR KR
T L EESE R IS . DAY N OB < H
P < TEPERI I < 7K o
235 EMMRSFE KN : YBT-2532 KEER -
MU 10K F1 3K ISR, AR L35
10K DL E L 3-10K., 3K PLF 3 34y, 45RER
A 3K RIS A OGS 7K R P PR PR A 0 A 1 (P
5), BERH YBT-2532 FHHU/KREHE B 35 P4 R 1)
Sy FEAE 3K IR,

PG B B IR S A5 SRR (D) R
JEAE 30-70 °C AT pH {E7E 8.0—12.0 HFRHE il

El4 pH X YBT-2532 ki s BREE M EUEME
eEAD)

Figure 4 Effect of pH on the activity of the antibacterial
compounds produced by YBT-2532 against Xanthomonas
oryzae pv. oryzae

e A 1-8 40510 pH 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0
MR 3G 5 9 W ABAR EIEXT . B: 1. 5 MZAXTE; 2,
6 7 pH 10.0 B ER 1355 3. 7 29 pH 11.0 LA LTE; 4. 8
9 pH 12.0 LB LG s 9 A RER XTI,

Note: A: 1-8 respectively are pH 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0
fermentation supernatant; 9 is fermentation supernatant control. B:
1, 5 are control; 2, 6 are pH 10.0 fermentation supernatant; 3, 7 are

pH 11.0 fermentation supernatant; 4, 8 are pH 12.0 fermentation
supernatant; 9 is fermentation supernatant control.

El5 YBT-2532 ik BAEEEM RS FELE
Figure 5 The molecular weight estimation of the
antibacterial compounds produced by YBT-2532 against
Xanthomonas oryzae pv. oryzae

TE: 1. 5: KRB LRI 2. 6: 3K LAF#4T; 3. 7: 3K-10K
oy 4. 8: 10K RAEHRA

Note: 1, 5: Fermentation supernatant control; 2, 6: Less than 3K
section; 3, 7: Between 3K and 10K; 4, 8: More than 10K section.

W, IEPERIBE R E s ) IR TR TR B,
IR T O/, ABTHE, Wb, 05, i
WAER s (3) 3 Fhi B X HE VR B R
AL FIWnZIE T AN R H R T (4)
A 3K IS IS WA MRS, USRI
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ST FEAE3KD IR,
2.4 EREH

YBT-2532 KW b5 e 40 T 4850 71 SR EE I
G-10 BERJZNTHESG , BT 3 ME(El 6), ME
RIS AE R R AES 2 AN T # R MBI G-10
AT LA BE 700 Da ZE 47431, ARG 20T B BTG P
Y55y FHE7E 700 Da 245 .
25 BTRBREMN

FHEA B T35 #ek: DEAE-52 gk— 0y B aifbih
PEVII, S T 4 AR 7). PRI ZE R

2.0
1.8
1.6
1.4
i)
1.0

0.0]
0.87
0.6
0.4-
0.24

Absorbance (4)

R, PUEE—ANERT 7 min A 1EPE, DL TEY) R
A¥ DEAE-52 Wgfff, HAE pH 7.4 1 0.02 mol/L
Tris-HCI I EEH A GeA A 1EHL 7 o
2.6 [EEZEEEN

T W 5 F— 2 i SupelcleanTM LC-18 SPE
BAHAE U bR 2y, VBRI ES R s, Aok
J TSR 157 o SupelcleanTM LC-18 SPE [&I4HAS
BUHERR B T3 OV (2R, R3] T BRZ%ME
F, 91 B0 e 2252 50 F 2 A0 s p i 1) T
PRIERL

——

36 42 48 54 60

t (min)

6 YBT-2532 kA E B EEEM R EN S B
Figure 6 Separating the antibacterial compounds produced by YBT-2532 against Xanthomonas oryzae pv. oryzae by
the method of gel chromatography

0.501
0.45 1
0.401
0.351
0.301
0.251
0.201

Absorbance (4)

0.15
0.10-
0.05{ . S

108 126 144 162 180

7 YBT-2532 KRR EMEEMYMRE FRIRED S
Figure 7 Separating the antibacterial compounds produced by YBT-2532 against Xanthomonas oryzae pv. oryzae by
the method of ion exchange chromatography
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1.0 2.0 3.0 40 5.0 6.0 7.0 8.0 9.0 10.0 11.012.013.0 14.015.0 16.0 17.0 18.0 19.0 20.0
t (min)

8 BHRHEEILIESE YBT-2532 ik #E REEE YR

Figure 8 Separating the antibacterial compounds produced by YBT-2532 against Xanthomonas oryzae pv. oryzae by

the method of gel chromatography
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9 FEMHEYIRSHREEILE Figure 10 Total ion chromatogram of the active
Figure 9 HPLC chromatograms of the active compound compound
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Figure 11 Extracted ion chromatogram of the active compound
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12 EMYIRAY LC-IT-MS
Figure 12 HPLC-IT-MS spectra of antibacterial compound, the molecular weight was identified as 797.8 Da
TE: A: TEVEIR—SUT0E; B: By 398.8 “ZRITHE; C. By 210.7 UK, D: A 188.8 “4Uiil; E: W 376.8 "k,
Note: A: A mass of active substances; B: The secondary MS of fragment (398.8); C: The secondary MS of fragment (210.7); D: The
secondary MS of fragment (188.8); E: The secondary MS of fragment (376.8).
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