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2 EN A EIN-369 T EAAE BB L RFHIE MR

B, 8B, KRB RER, EEE, iz
(L. IR K FAEY A B, KvD 4101285 2. HEYIR B2 504 4 B i w0 =, Kb 410128;
3. MARMED N R L, K 410128)

WE. X5 F AT E Bacillus tequilensis IN-369 7= 1 tk xt 15 /878 # Magnaporthe oryzae % B ¥ 1 i1
RN ERE, EAXBBEERBREREF2TEAED. hWHE % IN-369 0 H & B 05
M, HEBT T ZNEHEAWEIE. T, BRefaei. 2Tl R, FNEH
5T E R G XA R W W L o A T T AT B4R AL R R AT R B AR MR I E T 40% 1598 R EC.
25%Z 3 WP KR 3 IN-369 Hi i AL & | KGR R R e R . B RE: Wk IN-369 i H
MEIEE, THEXKERE. EEXREREMAKERERES 13 MEDREEHXIN#E &I
WHEAER, Mt mXELRERXANEER; ZEEaBAERENRE, BANA FREEDED D
BB, MEERENELAK QAT HAANXEMNHER, REREEE LA K, W
BT ERTHRL BREBZABE T, FRAFFANNARBERAAREZANFERIR, ik
IN-369 HLH M & G KK 50~100 pg/mL B AR M G ENKR KL, ZERALEFL NG EHRE
LSRR R
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Physical and Chemical Properties and Inhibitory Effect of Crude Antifungal Protein
Produced by Bacillus tequilensis JN-369

ZHOU Hu'**, HU Ling', YU Xiyue', ZHU Huajun'*?, REN Zuohua'?*, LIU Erming'**"
(1. College of Plant Protection, Hunan Agricultural University, Changsha 410128, China; 2. Hunan Provincial Key Laboratory for
Biology and Control of Plant Diseases and Insect Pests, Changsha 410128, China; 3. Southern Regional Collaborative Innovation
Center for Grain and Oil Crops in China, Changsha 410128, China)

Abstract: Bacillus tequilensis strain JN-369 is a biocontrol strain with antagonism on Magnaporthe oryzae. The
antifungal protein crude extraction was precipitated by ammonium sulphate after fermentation. To determine the
antifungal mechanism of the crude protein the inhibition spectrum, thermostability, acid-base stability, UV
stability and enzyme stability were investigated, the inhibition effect to M. oryzae hyphae and spores was observed,
and the antagonistic effects of 40% Isoprothiolane EC, 25% Tricyclazole WP and the crude antifungal protein
against M. oryzae in rice were detected by tissue inoculation in vitro. Results indicated that the crude antifungal
protein of the strain JN-369 had a broad inhibition spectrum, with inhibition activity on 13 plant pathogenic fungi
and oomycetes, such as B. cinerea, M. oryzae, but no inhibition on S. sclerotiorum. The crude proteinstill had
antifungal activity after heat treatment, pH treatment, UV treatment and enzyme treatment, indicating it has
potential application value in biocontrol of food crops. After treatment with crude protein, M. oryzae hyphae
became enlargement and could inhibit conidiospores germination. The in vitro efficacy experiments showed that
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all treatments had significant antagonistic effects on rice blast, and the crude antifungal protein at 50 ug/mL to 100
ug/mL had the best antagonistic effect on rice blast .The strain JIN-369 was expected to be developed as a
Biocontrol Strain for the control of rice blast.

Key words: Magnaporthe oryzae; Bacillus tequilensis, crude antifungal protein; biocontrol

TR CETEMAR: Magnaporthe oryzae, TotEMAR: Pyricularia oryzae) 5|2 /KFERGIRIN /& —Fh
T T A KR R TP ORI i, SRR B RE BRI R 10%~30%Y, AR 2 B
R TR W NAMEE LT V8 BK RS 7 A 7R TAE,  H AR 1) B ia 3 A H
o s A EEBTE ARG o F A A R R AR AT BRSO IR, AR LR 0 i B T2 P XS, Akt
PEZSIREE AN SR RE IR 16 AR A R, B LA ATHUARND D48, T & AR A R 2597 6 R
PR T R, HRTH TR BB M E IR 2, R ST B Bacillus™ . 43 £ 530 L B
Exserohilum monoceras- 5 . {4 1§ Pseudomonadaceae spp.~ LW Actinomycesbovis spp.~ K& # Trichoderma
spp.~ /NHHUBE Micromonospora spp.. JCtAHF IR Achromobacter spp.~ WiJiiyb 8 KB Serratia marcescens Fll
B Bipolaris spp. 5P,

AT TR e TV R 28 T BB AT Bt A I R 2 A SR IR e 0, AR S R T A AU A s
VAR, FERERL MU Bacillus tequilensis S 5 MUFF BB — A& 5L, B 5T 2006 4F 2% % Gatson 251017
S5 PO EF R PR RE RITRE N B — AN S P IR I A 44 o ST e A R AR 2 RO AR T A G A
GUo R IURERERT S AT 2 L 5 A B ) B S RF I, VR AT P . Gholami 457K
AR BRI Colletotrichum truncatum FATAMHIVE (KSR 28 MuAT 1, 78 25 260
M i Rk ] g v 43 B RAG — RN SRR AL BEAZ LR Monilinia fructicola HATIREFMHIVE F )R 47 2
AT BRSSO 5T AR Hh 3 B SR A S 7 28 AT 3 wmO3 1 X6 P4 JIR 25955 B Fusarium oxyporum f£. sp.
niveum FAT T EAMHIER], WSS BT 7637 RIBR P23 B 3RAFES R R 28 AT 1 7PI-16 AU 3%
NERZ ML B Scleromitrula shiraiana FAAREFRIFIHIER, 1 HonT DA RER M A K.

SE VR BT I BR ZKREG it ORI R 245905 A rb IR g RREFELAR 25 i A R SR AT — BRFS U A TR R Bk
AT IN-369 (GenBank: MGO004174) , X R ol FA 2 AW /E T, WA A 4 2R
IR BPTHEIIT, ASOTX RS PUE B B T F0 RS A ML AT 5T, DUOHE— 2 b w
AN TR 1) AR P85 76 B8 B A
1 #RE5RZE
11 e

PR B PR FE IS HUTE R B b 27 RO T IN-369 03 Jit BT = /KRS AR 181« 1 %4 K 5509 18] Botrytis cinerea
ki KFEI W B. cinerea Pers. JKFGLUAL I W Rhizoctonia solan K FEFE M B Ustilaginoidea virens+ M
Y Wi Diaporthe citriv WSR2 Phytophthora parasitica var. nicotianae /N7% 75894 B Fusarium
graminearum FHWHZEIRE F. oxysporum. TIERIENGIE C. gloeosporioides. MHI/REWW Alternaria
alternate. SRR E R IEINE A solani~ WAL ZE0 B Verticillium dahliae RS % A% 905 B Sclerotinia
sclerotiorum, VR RAT T B ANV R 2R A0 IR G AR A BOK R 55 S 30 =

PR ARl AT AR 12 5390 B e e R FEAA R AR, Y PIAE 1998 1t Bl A5 2
TR R A R w151 B AV R 2 R A DR AP 27 Bt 2 SR il =

PR 40% A5 R FL (EC) F1 20% =AMl Ry 7l (WP, 390l A KU RER 52 55 2 ml Ak 2

e
2E

1.2 EHEAEE

KRR IR 2 9 b A I R R R IN-369 HURIHLER (. FHERIR BRI R BIkk IN-369, #:Fh T4
50 mL it NB B 7208 100 mL 4EFEI T, T 28 “C. 180 r/min #Ri%H 5% 24 h EXPEU/EK M, A58+
REE: KPR IR AR HO0 1% MR RN T 25547 200 mL B NB K721 300 mL HEJE il
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H, F 28 °C. 180 r/min $ik 157 48 h, 3K1F IN-369 B &M F % & T 4 C. 10000 r/min &0 15 min,
FrEA, BURTEWG R BT R TN (NHY),SOy BHFIE N 80%, RIS, T4 CHtE 48h, HribEO
PUVE: 5710000 r/min &0 15 min f5, WCERDTHE: MR ECN 5%K PBS 22 00 3RAS I DT E E4T
WYY, HETIENLE (8 000~14000 D) "R AH R EL I PBS S2i ST R &, 248 0.22 wm 401
kg geiduk, VAR RRE IN-369 HIFTHEMEE, T4 CH4E. {41 Nano Drop Kl FIREMIKE . HEE
il 3 .
1.3 mEAEEANINEEENE

¥ EHAR K 6 mm PIATAEE o1 R DFEE RN 22 PDA AR o, BE i UF b e 22 A4 P 25 mm 4b 4T — B A% 6 mm
BI4L, I FL M TEN 40 uL 800.00 pg/mL HAK IN-369 HUEHLE H, SR FLATEA 40 pL PBS 22 -
TGRS 3 IR, T 28 ClEEEFE, e REE BERARIGFEN AR 3/4 DL RN, WEEIF & & 1L V%
AR, VFELRRR IN-369 B LR U6 SR A K a1y U,
1.4 REEEZERNINEILNE

KPR IR0 2 TR RR IN-369 T PRLER (I A48 A B0 T . SRR AR BEIN TR  K TR 1 L UK
FESHI B KFERE 0T T8 G VD R e v R BRI R /INZZ R B B AR R TR BT« ORI iR S 0
W RRAET 0T BORORG 2509 8 . LR L TR . YIS R AT A 14 s I R R O R A
1.5 mEEEREAMERNE

U8 X RHL R P 9 P st K RS 800 pg/mL FIFTE KL (140 BIE 20 'C. 4 C.
20 ‘C. 30 ‘C. 40 C. 50 C. 60 ‘C. 70 "C. 80 “C. 90 °C. 100 CHl 121 °C4kbF 30 min, & TVk I
AR = IR R Fe7R i, I A B 5 (0 8 3R I s s e i A1k, AN E A 3
U, LU R P AR 28 A B () B R AR 1 R 5 R

pH XU AL R (3 A PE R S0 KRR E Y 800 pg/mL P BT 148 1 mol/L [ SR MRV R A
EAENECY Y pH 4 3.04 4.00 5.00 6.0, 7.0, 8.0, 9.0, 10.0. 11.0. 12.0, FF&EW 4 CIHAFTR,
FRKs 2% pH G L BN A B AL B T AR 2 7.0 DARSIEG BN TR, IIE pH AL PR S 2 4
I AR 5 2k AR A, RSB E AT 3 U, DU TRV R B o 48 A B )0 R RE 2 11 kX

T T T R R B A B R S R R R Bl 800 pg/mL IHTIEL A 140 S5 1 mg/mL
i K AREAR. BEOM. BREON. frkEOiESsis, 7637 C&MF FAAEE 60 min, M/57E 100 C
PR AL B 5 min, DM ARGRIG . DARRREAN iR T i, DU Bl A B 11 B 1 SR EOA) A R i
AR, RN EEE AT 3 UK, DU RTS8 A B ()40 1 KL 2 10 b 6o T

AN LR IR RE R R RIS N 800 pug/mL PTRIKLER FE T 28 WRAMTR, BE
2010 cm &b, 3 HIMSIALFE 025, 0.5, 0.75. 1. 2. 4. 6 Al 12 he DURSRIR B A SRR B, @ LA MEFE 5
(AR IR PR TR PE AR Ak, AN ER TR 3 Uk, DU RS  FE AR 28 A B () U LR 1 ol 6 R
1.6 MEAEAMNERFEELZLE KNI

7E PD ¥R EE 7R3 (50 mL/250 mL) " N—SRIE i B 0, K BT B 800 pg/mL HIt RHL £
HAINA=F, T 28 °C. 180 v/min #RKIETR, 1. 24 3. 4 1 5d Jao ek, WMEE LA, 54
AFRTE AT 3 UK, W IR 22 P S IS AR B S RK
1.7 mEMAEAMNERFEEFHIN

R0 P At R - SO R 1 T BT KR B R 2 2X10° #F/mL), i NGE & 0.1%11) Tween—20
WA o 23 T B R B - AR o T T e TR VRS R & T PE A, 0] R AR v 1 1
T RIFI PRI TR K. 28 CHAIEREFE, 2. 4. 6. 8. 10 Al 12 h 20 5B, SE-HLEF U 1-10
EVHRT R 4L
1.8 MEHAERMBEARKEHENREREER

SR P s AR ARl S, R H DML AR A RS R E UK e B R SRR E 25, 50, 100 200 pg/mL
UL . 7E/KRG S WA IOR/INAHT FAg B e, FE/KRE T Wt AS [F) BE (B op B e, DA
it 40% R R AT REPERD 75 500 AR 20% = RIS KD 711 750 fE A RE M T 7K I ZAKRE I kg ke 4
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W I 2 NI (D) SEmTHIZAF, 24 h JELERRAN I B R TR PR A BRI (24 h) 5 (2)
SEAEREAIT B R MR R R T RBVF I, 24 h JEWHEZF] (424 h) o KR ARERAFIGRREE A B
100%, 28 Coe4BISAbT 24 h, SRIGIEREASHE (101 : 14D) #5535 5d, Wk RGO, R Hias i,
1.9 HIEZKITS S

R EHE LK H Excel 2017 F1 SPSS 20.0 e -8 A 34T Ab B 434t

2 ZFRESH

21 mEAEERIEIEL

SR P ARG IRE 0 52 TR R TN-369 BT B AR ORI 14 R A995 J5U B 187 B O BT 1A 475 250 45 e v
BRIPR IN-369 PLERHL A [ REBE I 13 BRAHDE R BB AR, (RSN R VR PR AR AT 25 5, O 781 28 A 2994 B (1 30
BRI, B RIE 49.00%, ST HREAK B B /K RE RG0S T S5 LA 13 ARAE A9 I L 1 s O BT 1 2R K
W EA —E WARHIE R, T S oA B TR, BB Y AR IN-369 IRt b kL AT A 7000 B
BHRA—EMNHNE (KD .

#1 mEASEENEMEREMIEL

Table 1 The antibacterial spectrum of antibacterial protein on various of pathogens

95 No. J93 J5L 14 Pathogens JMHI2 Inhibition rate (%)
1 W% KBFE M B. cinerea 49.00
2 HAE KPR N B. cinerea Pers. 33.36
3 IKFEFEIRR B M. oryzae 28.93
4 IKFELHG R R. solan 24.93
5 IKFERG MR U. virens 18.62
6 MG Wi D. citri 16.41
7 WAE L NEIRTE P, parasitica var. nicotianae 16.16
8 INETRFFR F. graminearum 15.94
9 FRERIATI C. gloeosporioides 15.58

10 WA SR AL A. alternate 15.50
11 MAESEZENIE V. dahliae 12.91
12 BHUAE TR IA F. oxysporum 11.45
13 % LR A. solani 5.06
14 WS R IR E S, sclerotiorum 0

22 EEMNEHREAEB I EEREE RN

PUREM R 420 'Cy 4 'Cy 20 'C. 30 CALHE 30 min, HiGTERERIX A E; MMM T 40 C
I, RS U B 2 2 e, B S T s LR T R R 100 °C R AR EE 30 min, AN RELRHEIRAT
TETE) 36.44%; 121 CrEphbAbPE 30 min, FEAFERINETEE (B 1D o Bk il B ST RRLE oo sl s il
&, 1E-20 C~40 CH, PURkE ) LPRR A A, RUNZPUR & 7 FARIREE T Refs K%
MR, BA—@ RN ).
2.3 pH M EHINEMAEE B I FRERE SR 20

PR A I EETERE pH BT 2 ISER NG FREES, pH XM E M m E (P<
0.05) ; £ pH 6.0~7.0 FIMEHL T, PUBEHE IR EE T RIAFMIANRTEPE; BRI ok BRIk Bl 114 4% A4 Ll A e
I, U IZ BT B AR AT TN 32 1) pH Y B AE s pH 23 52 M 40 i A A B v 1, DTSR L AR KRR 14 328 Al
M, SEMPT AR AT TE (2D .
24 FEAMMEHREMEZBIHREERE MR

XML, PIEHEALEAR K. WMrEEAR. BEAN. BEAE. KNVEARE. BRARLL
UG, FOO K FERGI IS B A R M R N LR AN K AEL)S, EZPUR SR LT R S
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Vs DURCHL AR PO B 11 8 2% A 1 A PRABURE, SRWNZ TR RLER (1 ] B AR AL 2R 28 P R B T B A 3w
AT E WA s E R, A N BRI (3D .
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Fig.1 Effect of different temperature on the activity of antifungal crude protein against M. oryzae
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Fig. 2 Effect of different pH on the activity of antifungal crude protein against M. oryzae
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Fig. 3 Effect of different proteinases on the activity of antifungal crude protein against M. oryzae
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Fig. 4 Effect of different time of ultraviolet radiation on the activity of antifungal crude protein against M. oryzae

2.6 MEMAEEMINEYR
2.6.1 Wk IN-369 HLE HLE A X RERE BT A NIERA
FAmEEE IR 12 h 45 R, TERE IN-369 HUBETHLAR (6 KRR B8 20 240 1 i e AT 3k T, B
T AR E A, SO 7 T R AR 5T 2 12 h e BRI T 0 A AR T I R R N 88.72%, BT A&
ALER T R RAUN 36.00%, R T 52.72%, FWAPURLAR (MRS IR0 1 A 1 0 A EL A R 2 A4

H (Es5) .
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Az XTHEALPE 12 h Treated for 12 h as control; B: 200 pg/mL $HTE AL A (4L 2 12 h Treated for 12 h with 2000 pg/mL crude antimicrobial protein; C: #A£
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Fig. 5 Inhibiting effect of antifungal crude protein against conidium germination activity of M. oryzae
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2,62 Ttk IN-369 FLEHLE G MERE 2 A KNER ISP RLER (1 A 2 1 R s B B 22 (1) A
KAF Lo WIS IR, A LA PR ARGS9 oA 1R 22 A AN 38 5, 22 W R i An ¥ 5] s S himi i g 1 Ad 3
24 h JE RN R e 2 TEAS BRI R A —. 2 RS R EILS, B AAEER I, MW
R 2%, MERHLEINE; SR A TR, BT R AR T SR, RV PURALER (168
AR R 1 B 2R AR K (6

A: XFTHEEHZ The control mycelium; B+ C. D AHuEHH Az (A FI L [ 4 £ Treated with antimicrobial proteins
Bl 6 MEMAEAMNKERERERHZLMTZIE (400X)
Fig. 6 Effect of the antifungal protein on the M. oryzae mycelium (400X)

27 MEMAEEXNBEAKEN R BEFIERSR

AN TR BE B R IN-369 PTBIRL R [ SAARFE RN AL BEKRE I 5 PTalae 45 R, T A AL BE (1)
FME, RWIFENIE 77.26%~88.09%; ML 25% =3 M WP, 40%HE & EC M 25~200 pg/mL BE#E IN-369
FEPUEE AL B KRG, SRR R 2 B RIS RS PTRCR W LUE Y, BRIRR IN-369 £ 7R ik
FE4 100 pug/mL i, FEGUHCRAINT Sl R RAN 11.04%~21.85%; HIEHT 24 h i FH HURiFL S A 1K
T F B R Z ARG T 24 h JE i IR, 5 0F 24 7] 25% = IR n IR PR 77 750 56 R R 40%F8 I
RIFLih 500 FEF RS BUBCR I AAT Y, R ILAE A b B T F B v s s i N g ) (2D

F2 FREIREREEK IN-369 HUEHE B 3K ERRER B S R

Table 2 Effects of JN-369 crude antimicrobial protein with different concentration on rice blast control in vitro

Qb E4H# Yuzhenxiang Y Wt Yliangyou1998 WA 12 5 Xiangwanxian No.12
Treatment RWig-24h RAE24h REIE-24h RAE24h RWIR-24h RUE24h
Incidence (%) Incidence (%) Incidence (%) Incidence (%) Incidence (%) Incidence (%)
THZKAT R CK 7726%+7.01a 84.94+448a 87.66+2.04 a 88.09+3.99a 79.94+£599 a 84.07+4.49a
25% = H M tricyclazole WP 7.361+0.67 d 56.31£6.72b 10.3740.64 d 56.30+£3.40b 2531%£1.75b 46.111+3.47b
40%TE i R isoprothiolane EC 11.0441.00 cd 11.48+1.70d 18.40+1.67 ¢ 20.25+1.86 f 22.96+3.40b 30.99+2.04 ¢
25 pg/mL JN-369 1 [ protein 28.77+1.83 b 37.12+384 ¢ 25.87+0.84b 39.81+4.72d 23.42+247b 28.77+1.83 ¢
50 pg/mL IN-369 &[] protein 14.71+134 ¢ 18.40+1.67d 10.254+2.97d 30.00£3.33 ¢ 23.21%£556b 20.74+1.28d
100 pg/mL IN-369 &[] protein 11.0441.00 cd 14.384+0.91d 11.9143.99d 21.85+1.70 f 11.20+125¢ 18.40+1.67d
200 pg/mL JN-369 # [ protein 25.754+ 2340 37.90+1.83 ¢ 19.514+0.85¢ 48.95+3.54 ¢ 17.71+4.87 be 33.33+£334c¢

T R bRAEL,  [FISIEE 5 AN T REOR AR E W PEZE S P<<0.05,

Note: Data were mean=+ SE. Different lowercase letters in the same column indicated significant difference at 0.05 level.

3 itig

L AT B IN-369 (940 B R 1 A AT AT B K RE RS RO T B 22 1/ K, ELIVE ) b B 4K
TS 14 Pl J5 R0 14 S O B0 — 52 (MBI E T OB MR, KB, SeAMIR . pH W 3LHI B
PSRN, FLRYE S N B . G AT (M. B R A — 2 (0721 . Oberoi
ST, 0T 5 1 T3 PRI B3 s 7 W 1 2% T R R TR JC /R T, 72 pH 8.0~11.0, 70 C
WERES MR, AT (R B B G P (00T 2 1 LA TR Tl 2k P R o 5B 2R IRFT 7 TN-369 1
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PR R A BB IR G NG, 76 60 CALHE 30 min 451 N AKAR v (RFREE ORI TG 1k s X 4R A ek
NS AN BURR s R DA PR 38 2 1 T SRRl pH 5.0~8.01), 2L AR 1 BB I H T — VR ) 18R A
KIREG S Ao a1 ) B 2 PR DU R R 5 HAA M I 2R hR 2 —, AN ZF BT B = 2
F 400 T 2 0 AN () 4 1 0 R 45 S, ) 8 A 200 TR 5 2 AT 18 BSnS PRI 181 4 1 ) I 2 1 Ml AN UG
X N K BURG E PR L DU 2E AT 14 B. velezensis DH82 BBk HIHT B FLE FO0 B R M. B2
HAM. RO K SRR AR AR REEER 2 T 1R IN-369 (141 1RH 2 1200 e a5 21 2 2
A PRIFURE, WA AR AL RS I A AR, R AME RS LR B i R O R
I TR AR A D956 098 ) o 3K 822 e Ut WA [R] 2 AT 17 7™ A (1) 00T A 10— L6 Joit (1) SRR PR AT R
225, B IN-369 HURFH & A WAl ik Rw 2 A K, HFRBUFLAKRTE, R b
WAL, AR, BHERT, 2P B R R BE A 0 T B R A RN TR L2 VAR A E R . X
5 R FEL P A B0 2 90 0 TR TR 2 S e T i R R 4 R P2 3 2 L B A
BN 8 VTP AN SR e 35 op 0 3145 (1 2 PR A BE B Streptomycetaceae polychromogenes
L-30 e BTG B0, T PR R IR AT A AL K B T K . B PRI R A AR F
graminearum ¥EHUAN B ARVER ZE AT R B. amyloliquefaciens HRH317 HT b £ [ 3 2& 1l o #I#s i5 & H.
R 22 AR AN . W L B R RIS, S IE AR KR B R AN . 25 T 25 E
WRAE T Z RS DU AR R A 528 AT I ZL2-70 $Ups 8 1 [RIRE REsm U0 R IR B B 0 A f i, BLigdl
BB 2B K, FEM TSRO0 DU 2 AT 8 S6 BIARFS PR 1 M FESEPTI Rl o 4 MO AP 18 XG-1 $59L
S TiOETI e SRV ER R SN/

ATRIS TP B E IN-369 U B FH 3 12068 K R AR v 11 125 A4 T 917 280 SR 15 5068 B4 30 25% — A ] b oy 711 (1)
TR CRFEAAT Y, FR IN-369 HTR R E X KRR IR AR BI Va BUR  40% R 2R L (1B v 80k
FEAA Y, WAL b AL = N o B AT 07 5 B VAR s () N 0, T AR Sk R s A 7 v (1) B U5
PR E— 2D AR AR o R FH 40 B 90 1 A PRI ) e 0T 5 081 B 5 RS PR R T TR AR 2, ] LUAR G M fR
PR, W IR R ARIE AR T 24

& % xx #f
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