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RFAER/RIMEN S BEEREN R RIE G FIER
IFEHY, mEFY, EXY, AANEM, MA M, mwmai Y, wE

LU R AR B, R AR SRR A W I N SE %, X 400715
PR R AR, R R AT IR B AW S G F A E S L%, HIK 400715

FEE: [ HY ] AW 5T DA (e B by 25 rp 2 i 07 16 X6 ST g T 1L B S5 s B Ve A P 2R el Ao
AIBR R E WS A . [ 77k ] SRS B SR AR TR, 90 B I3 AR A T R v 7 2 4000 TR0
YRR N RS DU s RIIEAS . A AR LRHER AT L T 16S rDNA . gyrA il gyrB SLH ) RGE4
BT TEGT R AT BERN S 5 I A B B I 5 B R T R AR L TR 22 A R R A
TGV R R B s IRl WSS B BN SE TR 55 T4 Boeremia exigua GXHL B ARA K K 22TE 25
BSR4 S IN R TE YY) BTG OGS IR, DA SR TR UTUE 1 4 S P MR BB IR AL 5 W I T A T R R0
FHETE BRI IS T (LC-MS), WIS AT BERM B MLE] . [ 2558 ] MRS 2 b L4 B 4R 17 #k
PSRN, I P e 3RS — iRt SR B B2 - ) B. exigua GXHL A3 £ 5 S5 P F 09 S P AR 40 i
NPJ13 B bk, ZREMIEASS . AR 2R AT TR 8 —3, 2T 16S rDNA. gyrA il gyrB JE K7
HIH R G K B oM 4R sz w bk S DI 28 fH 14 (Bacillus velezensis) K4 K R i, HANT R4
REWBIER/NEL, oK NPIL3 B R4 R DISEB 2R /AT I, 444 4 B. velezensis NPJ13, NPJL3 B f4k
IR EZIE T SWUS, K HIAL I SXSG-5. BEH PZ-2 MR AR SWU20 25 12 Fiips 51 L i HA A [6)
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AR B | 7 B RGN | S A R AR B G s SEDRRG N 45 S R NPJL3 B AR SE R 41 A PKSL NRPS,
Sp. 1tuD., Srfc % 5 FHINER TG EY T A OCHESER , LC-MS A28 S B s ok NPJL3 g KM IR P+
THRETEER R R [ 4590 ] ASVF5E 5 B0 e AR AR — o S B o o AT B & 5 /E
(IS INAE TR B. velezensis NPIL3 BRI A%,k SRR 955 19 A= W B A B fE T 10 6 P ok
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FEWAE LR AVEMA, LEFR =R D) 5 4%
Ao FRMAIFRAE . AZY, JFHEILE SRR R
YHAEM SR, S 1857 51 200 SR A P12 e
FHEM T REN., RMEAEAREFRS., KE
ISR FE LA 200 B, (LFEECRG . 20 TR &
i BRI S, L FLRRE T O LR K, ik 80%
FiATP . 2001 ARAE)T I PR XA SR R R
AT RWTBLRE I, 200 321G F SR RUR F
F . Y 0 SRR H IR R BE . 15 Pk,
S I, D] HR B0 A BRE T 2R LA o IR IRAT)
fEF I, FRO MR AR RIS 90%, RUKEH
ik 50%, FEEMCEBGT, HRLEN TR
RAFFRD SRR 7 1997 J7 B 4 Boeremia
exigua, JE TERE I FRR] ., S, e
BN, AR, AR H . Didymellaceae,
Boeremia, W Nty tt, A, SR,
ZRBUA R, SRR A A, FE IR
K, BAUA R AR A, s, SAfFT
o, P, BEEIE . B9, AR SihEkt. A B
6 SRR I 19 ik R Y B B IR Ak 2 B
Ho PG FEEALE K AHE TG . 55, Ak
b, TEERHRIZE, WZE LI HK, 2o
RGBS, BRSNS . k2% BiiR AL d i
IRNE, Sk S EOH:, R TE  ma b
K2y, RKIFRESE . WA NTRAKR . B
A, HBSCE R bbb Ak 24 A
PRSI, I H AR IR AT RN K,
R TRk PR P RWTERE R B G ke
LN G: . EYIBERFA 5 P SO s
PR FE AR IR Y . B, LAB IRk
W R A B RS . A e
Vs LW A B A GRS A5 R R, A A )
AR B R AR ™ P B T 1 e S A

AT R % 75 W B A B e 5

9 N 2E T (Endophyte) 15 Hi A= 16 5 i — & By
B iR BOE I T4 E . AN LA
MR, AT TE FAE ) A S e i A A
WO P A TR AR M S R G R T A G
g%, JUPRIEM TRTA MY ARALERA, &
MZ A | sadr . PSR RO, flRe
FWAETER TN AETE, HAH T A g B Bt
(LR IVIN Sk s p Gf0 e E o3 I Va9 ci o2
P SWQ2 FPRRERREFAAE T RMHAN, Haedert
SN SR IEPLRE S Y A SRR
7PJ-16 HPRAEWS EIE T RN, &R
RO, Il fe R AR, IR
Pl KRR ERL . FEIEANFZRR, 25, ot
DL AT h 43 B 345 Z2 o iR I R B A bt
PERTEY N A Al T, HE e 28040 e 8 R 1 IR R
(Burkholderia cepacia) LU10-1 GE KA & 58 T M
thoy, HoEstsd B rp i hurtpe R & A ™, %
T, A T B A AR TR 7 36 S oA A2 it 119 A
RAFFEIBAR WA -

A B B B IR AR DR 0 AL A S T
FEHOE RS A bR - AR BobE S, Horb, $5$01E
FHJE A TR A E S A B AL o 2B B 2R AT 1R A
() 5 B 0 oL 3 N IR 28 Ak A AN SR TR 2 AL
R/t STRUE Y3 N N ANy e
(nonribosomal peptide synthetases, NRPSs) & i, Jio
HOW F EAK T R B A B % 42 (polyketide
synthases, PKS)& s . oo g Ik 4 T 4 i #e %2
() 2 PR B 2 (iturin) . =F R 2 (fFengycin) F12 1fi
T 3 (surfactin 3 R TE HEPRU, Dkl
R, FREYAHERGEN:, mRmEHER
L A0 A EL B IS 1 o Mturin 5L, DL iturin A
C, bacillomycinD. F, L. LC il mycosubtilin 1t
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2, RO Z Mok s it L o B AT B0 1 45 PTG
PETTBE 2 W52, Zhao S5 W52 W] B. subtilis
SG6 7 AE 1= J5 2 AR T TG M R X R A Sk ) T 1Y)
LR HATIRIVE IR Vitullo 45 %% PRy B Wbk B.
amyloliquefaciens BO7 j A= % 2% I 1 22 % R 7
iR T T AT iR R P R T O

A B 5T B DL S WA s it e J5i T Boeremia
exigua GXH1 WEEFRIE, MARF 8 5 (S
8 R0 e N8k (711 < WU 7 6 e W) OB N (AR
5 HE M K BRI E Y, IR E Y S BT
Rl R U0 RT3 1 0 T TS D R DR L R A 1 e A A
= AT RER R IRIE S RN, WA ER T
BLBE, S S0 oA A= 1 D17 3 S TR s i B8
U S T AT 5 kit

L AR
11 b SRRt

PRI (@RI S 8 5 (M Flh)
K H = AL IR NS B REE(N 23°23'14”,
E 103°23'51"),

HER% R : Boeremia exigua GXH1, 4%
(Sclerotinia sclerotiorum) PZ-2 . & A A% H AL B
(Scleromitrula shiraiana) SXSG-5 4 525 % 43 B
R-AF . JKFH (Botrytis cinerea) SWUS., KHiAE4E
K 4 (Verticillium dahlia) SWU6 . #i k4 A K 15 55
(Ceratocystis ulmi) SWU10, K% )& & (Trichoderma
viridae) SWU11, fH%#:%5 (Phytophthora nicotianae)
SWU20. Kl 48 4 (Verticillium dahlia) SWU23.
BEgfu(Alternaria sp.) SWU26. 1184 (Beauveria
bassiana) SWU40, £¢{& & (Metarhizium anisopliae)
SWU42 Jy 525 S R IR AT R BK

B dk: PDA #i5:3k(g/L): £ 200.0, #i%

actamicro@im.ac.cn

% 20.0, 35E 15-20; WA 1537 55 (g/L) : Bifg 15-20;
FR—S R (g/L): ATiEMETER 20.0, KNO;
1.0, K,HPO, 0.5, MgSO,-7H,0 0.5, NaCl 0.5,
FeSO,-7H,0 0.1, #ifig 15-20; PDB }:##HE(g/L):
4% 200.0, #%iME 20.0; LB BigEdk(g/L): e
[ 10.0, EEEEHY 5.0, NaCl 10.0, Biflg 15-20;
KRS (g/L): 15 200.0, F M 20.0, HH
J: 10.0, NaHPO, 1.5, (NH4),SO, 5.0; Landy 3%
FISHCER[20] FL il s DA B REFRILIE 121 °C
K 20 min 5.
12 WA &L

FFH A2 3 O A T S0 N AR TR A0 2
AR BUK Yy 3-5 om A 2ER:, RIT
T5%MTRG , BOH R TR KT BB IER KX
LB PDA Ri R IkiR — Bl e i T e g%, ARG IR
EARARKMAE YA E R EEHEYIR . BIHEER
EBCE TR IESRIL, FHICHE ] S RE i )2
FIFF, VIE/NLE T PDA B59R3k . WA 55323
R RIL, F 25 °C K5 g%, B H WL, fRHKH
BT, AHPREL, RAPEAR IR Ak
1.3 FWWNEHERA S R

FREAV PRI IG5 T PDB K557, 28 °C
PEIR 180 r/min #8315 24 h, B 500 pL #5350
IASEA 500 pb 60%H MM AAFE b, BT
—80 °C VKA RAE; AT, FHER IR PRIV
T PDB Kz, 28 °C /K 180 r/min ik 15 5*
4d, FifiJ57E 12000 r/min 2504 F #5030 min, B E
R
14 WAERBHIHEMAE
141 B DARBECRE % R B, exigua
GXHL M EIRHbR B, R 1 B 7L P20 o xoh 5
WA e i D B LS BV E R N AR . B



FAEHSE | fEYa# R, 2019, 59(11)

2133

JrvE R ¥ B. exigua GXH1 FUHERTE BT & PDA
SRR H e, ] 8 mm ELAR (AT FLAS 7R BE 2 i
> 30 mm ZbFTHL, FLIAIIA 200 pb P9 A= 41 6 k% T
LiEW, 25 °CHiFR 7 d, MEMEEER, Dt
SJI VT PR A R R TR TR A R T 4

142 B SRR IRE ) 5 A H5 ik
SRR T 00 . BAK ) 258 7E 5 90 mm
f) PDA ~FAi H RN ELAR S 5 mm 5 R R D
[l B 7B g 25 mm B XERRAL R 2 R s B
B, DAANEERP BTN BE A 6 IR, &3 3 A4
HA, 22°C KiF% 7 .d 5 I 19 TR VE AR
TRRANEE R . S0 8 0 B SCR B B i A
R T JE EER 5T

(%) =

S HEL L 945 7 4% () — DU 4L 194 4 (om)
o WAL 7 4 (o)

15 HEHIREMEMLERE

151 BARIEFRIFE. B KA A bR N
FRIEMIE . 7% LB 5372k | 28 °C i 5% H Itk
24 h WL VR IE S HRAE , 28 °C 3537 24 h HE4T 4
MRRYL, BESE 48 h AT ARG, B IR
HR[23-25] 1Y Jy i 4T . 2 B SCHR[24-26] 1 Jy
TEREHURAR G TEM KRR . BRI AL . SR . Al
iR i I A5 A B AR AL RRAIE

152 #TF 16SrDNA. DNA fEjieh A T E4mi5
FK (gyrA)Fl B A GG ZER (gyrB)F KRG &
BT SHCCER[271 300 H AT AR L H 4L, DI
R, ZrBIPHE 16S rDNA | gyrA Fil gyrB JE A
¥4, FIE S Y 27F (5-AGAGTTTGATCC
TGGCTCAG-3)#il 1492R (5-GGTTACCTTGTTA
CGACTT-3)y M54 40t 16S rDNA J¥51. PCR
N Ak 95°C 4 min; 94°C30s, 53°C45s,
72°C70s, 30 MEH; 72 °C 8 min, 2 MR CHk[28]

x100%

FH5 14 42F F1 1066R 444 gyrA KL[H, S 454
94.°C 2 min; 94 °C 1 min, 51 °C 45 s, 68 °C 1 min,
40 MEFR; 68 °C 10 min, 2 BB SCHR[29] 549
UP-1S il UP-2Sr §" 1 gyrB JE K, J )i 2544+ 95 °C
5min; 94°C30s, 55°C30s, 72°C90s, 344
PEFR; 72 °C 10 min. i 1.0%I%) B i b2 R i i
DKRINY 471, o PCR &1 )ik 24k TAEY)
TR 1) B A BR A w T, AR5 1 3 57 51
Bf 2 J5 £ NCBI (https://blast.ncbi.nim.nih.gov/
Blast.cgi)#E 47 [ JME LA B, T Rl e v
fIES, FIF MEGA 4.0 %k, fd PR 41402
(Neighbor-joining method)i#£1 7 1000 Ik K315, #4
HAGLETW, LI ENFEREASE GenBank
B, JARFHEsS .
1.6 FEVUREMR AR BER Rt

PSR NPIL3 #2270 T PDB 57758, 2
Tk L3 Ml R P IRAR T 1A R e 1T, B R T
P& T 4T BIAE 40, 60, 80 Al 100 °C Ab#
30min, BHIEERE, SHIL 1.4 FERETE
G55 S5 EL T B. exigua GXHL F A% 141 1 1
e HAARD gl TEHEE PDA Al Sz fh B.
exigua GXHL 5, e & pEh .0 20 mm 4t
1 8 mm EEMFTILEITIL, # 100 pL ZA R
JEE AR B A BT A e DT O AL, B
HEOR T AR 28 A B AR5 BT 0 R I8 13 VTl
BFVHE T B RN & BRI Y PDA 25 11l , 4
WHINELE, BT 25°CHEHEM PRI 5dE,
FH A 57 28 U 62 D T T VR LA, AR O ik
1.4.2 s TS AR G P ox BREH LA B
PEXT I BAR) .
1.7 FEPUEBRIP RS R

W B AR E S5 HUVE Y 23 B AR D T
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Mgk, S8 1.3 kit R RERE 3%, A K T
7, 10000 r/min #.0> 30 min, 5 b S IE AR
(D=0.22 pm)fil & JC B A TEIE R , R T B 22 AR K
233 PO I ot B TR R G BT R R TR A PV BT i . L
PR 7360 s PDA B35 ik = K I 5 ¥4 H1 % 50 °C
AT, FEPURE O A& I T WA 5% H TR A
FRMTAR , DA & ISR Y PDA ~SFARAE Ry 2s
FIXTRE, HEA B 5 mm A PZ-2. Sk
AL SXSG-5 4 12 Rl hF, Ak
3NEKE , T 25 CHHIRK R, B H WL, S 6 1.4.2
AR A S, AR S R A R, A
W PZ-2. JKFEH SWUS, KuifEfAf SWU6.

MRS KR SWUL0, AKRZ5JE A SWULL, HHHE
FETE SWU20., KIFAEALTE SWU23. ff % 11 14
SWU26., FAMZHALE SXSG-5 7% 5 d Bl
FANTE A, RWTEUEM R R GXHL, HERE
SWUA40 £ B SWU42 7E 5557 7 d B B8 B R
1.8 FEHIEARINEYLIE AR

181 FEHURMRN RETEJEHRE GXH1 WZE
PN )= 21 PR O B TR R IRy S S
PR TR 2SS KT B PR
7 d XS BRAL IR R F AR R 22, DA AL T
VBRI SR (R i B B 2200, G R R
WS DT RS SRR M T GXHL W2 IE

FpA TN
182 MEBEMEYEE IR BN . L

NPJ13 BRI NGB, 2% SCHk[31-33], 4~
WY OGS Y, A dh 2 Rk AR
W) SR IE A | RS i R (PKS) | JER%
WA Z A L (NRPS), DA% 4 FhelE Rk
WA IR IRBTA R . RIETER (Sp. Sfc).
FHIFE R A (ItuD), DL FJEZE (FenB)5F 6 Fiiig

actamicro@im.ac.cn

PEUR BARI = 1 1 S el 2 ) 32 DR ) A DX 3
51975 L2 1.

PKS ¥ 14 #2% . 94°C5min; 94 °C 1 min,
59 °C 1 min, 72 °C 1 min, 3t 35 M§E#; 72 °C
10 min, NRPS 4" 14 F¢ 5 : 94 °C 5 min; 94 °C 1 min,
50 °C 1 min, 72°C 1 min, 3t 354F#; 72°C
10 min, Sfp, ItuD, Sfc ¥ L. 95°C 5 min;
94 °C 1 min, 55°C 1min, 72°C1min, 304
PG ; 72 °C 10 min, FenB § 147247 . 95 °C 5 min;
95°C 1 min, 65°C40s, 72°C 1 min, 3t 30 M
W, 72 °C #Eff 10 min,
1.8.3 METEHEY BB 538 SR . K e
MFEPUA A R Landy Bifedk, & TIEERER
25°C. 200 r/min 1535 3 d HA3 450 R RIS PE & 1%
W o SR FHBRUTE IR BB UG 1 & B A K 1
G HART B B RS BOR bR R BT
4°C. 8000 r/min #.0> 20 min, JH#k HCI ¥ [T
pH % 2.0, 4 °C#EULIE 12 h, 4°C. 8000 r/min
Bl 20 min J5, fnad o R ST O IR DOTE e
3hJ5F 4°C, 8000 r/min &.0» 10 min, FHE&ZN

x 1 YHEONEMREBXEEENSIFS
Table 1. The primers of key genes related to
antibiotic synthesis

Antibitic 9%
gene

Primers Primer sequences (5—3)

PKSI PKS KSF GCGATGGATCCNCAGCAGCG
KSR GTGCCGGTNCCGTGNGYYTC
NRPS NRPSF GCNGGYGGYGCNTAYGTNCC
NRPSR CCNCGDATYTTNACYTG
Surfactin Sfp  SfpF ATGAAGATTTACGGAATTTA
SfpR TTATAAAAGCTCTTCGTACG

NRPS

IturinA  1tuD 1tuD1IF GATGCGATCTCCTTGGATGT
ItuDIR ATCGTCATGTGCTGCTTGAG
Surfactin Sfc SurBF  ACAGTATGGAGGCATGGTC
Sur3R  TTCCGCCACTTTTTCAGTTT
Fengycin FenB FenBF1 CCTGGAGAAAGAATATACC
GTACCY

FenBR1 GCTGGTTCAGTTKGATCACAT
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0.22 pm A FLUE ML E , BUE T 60 °C M4
R, P TR R T AR, 15 303G
PE R BERAR IRAL S W LY, B e T Al
WA (AT BRI B (LC-MS) /3 HT . LC-MS
fdi FH] Agilent 1290 Infinity Ultra Performance Liquid
Chromatography 5 Agilent 6545 UHD and
Accurate-Mass Q-TOF JFi e Y, Horh a5
Waters X Sdlect® HSS T3 (25 um, 100 mmx2.1 mm).
oA A—KIER (S 0.1%H ER) M B-Z 15 (&
0.1%H 1R); #HiRi% A 25 °C, YRR N 4 uL,
Hi A 0.35 mL/min, JLALHYIEHERE: 0-2 min,
5% B; 2-10 min, 5%-95% B; 10-15 min, 95% B;
15-18 min, 5% B. Juiffli i 1E & 7456 17
TR TR R 10 Liming FRESARTEE -
325°C; Fibdw)t)i: 20 psigs AffEHLE: 120 V;
skimmer voltage, 45 V . JBTii >R A0 Fil 50-1500 vz,
FE BT 15 R AR H AT A S LB 0 5 Sl ) o
Yo gD HEUE RS R MSIMS,
collision energy f#i /] 10, 20, 40 V =/ fE&E. %
¥ R G5y Hriz . Agilent Masshunter Qualitative
Analysis B.07.00 software,

2 HERMH

21 RWAEEKTE SRR
MAEREAR SR 8 5 (925 3L 73 B 3R AT N A 2

W17tk WA R R 6 Bt SR i T
B. exigua GXH1 HA PR . Eiss A gnH
H 5 RRAIXT B. exigua GXH1 A #a & A0 T 6 7k
JELL NPIL3 B bk B0 5 1 ey (B35, 22 °C Hide
7 dJE IR AT A 94.29% (% 2), ik NPIL3
RIT 88 J5 2%

22 TEVIERKEMEE

221 JERFERABAIFFE: NP3 HbkE
LB R5353k - 28 °C 1555 24 h, WEEAAE, £
TS A RB A, NGAEESE AR, NEW (A 1-A);
Y5 R MR NPIL3 FRE A # 24 [CPAYE | ATk 40
W, BETERCEAL(K 1-B, C). NPJ13 R LI/K i
AL VERY. WIS . TEMERIH EREE, RERSIL 5N
2k (F 3).

* 2 RETREMREISIERINTRIEL R
Table 2. Screening results of antagonistic strains of B.

exigua GXH1
Strain No. Inhibition rate/% (X + s, n=3)
NPJ13 94.29+1.86
NPJ1-1 45.33+2.06
NPJ12 27.34+£1.76
NWJ1 25.31+2.53
NWJ2-2 15.67+0.78

\ . / \
M

Inhibition rates were calculated as a percentage of growth
inhibition as compared to control test organism at 7 days after
inoculation. Tests were conducted in triplicate and results varied
asindicated by standard deviation.

“C -
[ . .
MR
y ¥
- ’ ";lf',,_ N
t o ,g
§ e
. R L2 SN ,
20 pme 4 : =520 um
— 5. —

1. NPJ13 EHRRIFL S FHFHE
Figurel. The morphological features of strain NPJ13. A: the colony characteristic of strain NPJ13 on the LB after

24 h; B: gram staining result; C: spores staining result.
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&3 NPIBEHREEEULEELR
Table 3. Physiological and biochemical characteristics
of strain NPJ13

Test items Results | Test items Results
Mannose + Gelatineliqueficationtest  +
Simon’s phosphate — Arabinose -
Semi-solid agar - Xylose -
Gas of glucose - Gelation +
Lactose - Sucrose +
Nitratereduction  + Glycerinum -
Starch hydrolysis  + Sorhitol +
Maltose - Sulfuretted hydrogen -

+: positive (growth or reaction); — negative (no growth or no
reaction).

2.2.2 NPJ13 Ei#k 16SrDNA. gyrA Fi gyrB Z:H
FHMERRERE B L NPIL3 Btk K 4
AR, §HEHRAS NPJIL3 [E R 16SrDNA . gyrA
A1 gyrB 44 HHE SR 1399 bp ., 1127 bp A1 1363 bp,
GenBank % 5543 I MH884062, MK564524
MK564525, T 16SrDNA [ R4k B /- Hras i
2587, NP3 bk 5 £ ¥k Bacillus velezensis (AL
PEIEF 99%, 5% 5k5 A AY603658., KY 694464
i Bacillus velezensis &b R 45 & & W A — 35 /)y
(A 2-A), BT gyrA SEEFHIN RS R T 4>
Pra L], NPI3 Wbk 58550 EU138622
i Bacillus velezensis &b R 45 & & W A — 1 /)
S (E 2-B); T gyrB BTN RS R T 4>
Mraf R, NP3 Hik 5% %%~ DQI03176
i Bacillus velezensis &b 245 & & W A —Hxe /)
SR 2-C)o ZEEIIBAY: . AEFA AL RRAE S O
T 16S rDNA . gyrA 1 gyrB RHFHIM RS AKE
ARSI, K NPIL3 % 5E by UL ST 28 A AT 1
(Bacillus velezensis), fi#4°~ B. velezensis NPJ13,
2.3 NPJ13 FHk R BRI RS 2 A

RS E PEAS I 25 R B n NPJL3 B bk & I H
B BRI FREE, AR M K R

actamicro@im.ac.cn

[R5 51.85%), 80 °C #UbHE 30 min J5 B AT
55 44.44%, 100 °C FALF 30 min J5 T AL F
% 33.33% (K 4). RIFMPEENE, AR T/E2:
WS HE IS Y B s s %, A RT B,
velezensis NPJIL3 B i FH BB 13 S WA 22 4 o
2.4 FEPUEBR NPI13 M TEAR I

PB4 T B NPIL3 T R 1 G TR &
PRI 12 A Jit B R A AN TR R B A A
HR T SE TR I T GXHL K B 7 SWUS A
R, A3 HIAl ik 92.12%. 91.55% (¥ 5, & 3);
XERLR PZ-2, HHIALH SXSG-5 B e Al it
70%; THRTHTAR AR K 5 BE SWUL0., B R SWU40
FERAR T SWUA2 (TR IR i 50% (£ 5). 4
TR, 45 NPIL3 BRR IR AT 1 b Hoftie &
A= W) B 3 A A TR A
2.5 NPJ13 Bk RMTRE R B GXHL BZ41
A

FEPUREXT B. exigua GXHL A4 KB
SELERI, NPIL3 TR X 1R B 22 1) AR KA B
WERER . SRR B R B . P EK,
ek, BB E(E 4-A); 245 PiE NP3
S B. exigua GXHL TR 22 R Ko kAR
229558 M, FRATRLLIER . B RGN 2
2, RTINS 280 1 (K] 4-B).
2.6 FEHERIIER B Y & BAEE 1
ek R

PR BACU )6 AR DG HE K 3 45 21
7, NPJIL3 ik Y 2k AT 40 Hr BE A DN 3] PKSE L NRPS,
Sp. 1tuD, SrfcixX 5 Fr GGG LY BT & AU G
YL (3 6)o HI I HEMIRE BT A bk NPJIL3 Al
PP ARTNEER | A RIIE R AL RIS
SEPUR A P B. exigua GXH1 A1,
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(A) 76 NPJ13 (MH884062)
46 Bacillus velezensis CR-502 (AY603658)
Bacillus velezensis NRRL B-41580 (KY694464)
Bacillus siamensis AY 35 (MK641490)
Bacilius siamensis FIAT-25327 (KY038770)
77 Bacilfus siamensis BY3 (MK641493)
Bacillus subtilis 168 (NR102783)
Bacilfus subtilis BGSC 3A28 (NR104873)
r Bacillus licheniformis ATCC 14580 (NRO74923)
100 ' Bacillus licheniformis DSM 13 (NR118996)
— Bacitfus fumi LMG 22167 (NR0O25626)
100 b Bacillus sinesaloumensis Marseille-P3516 (NR147383)
99\ Baciltus mycoides 273 (NRO36880)
Baciffus mycoides B38V (KF010791)
—_— 100 | Bacillus cerens B2(KF0O10349)
0.01 46 | Bacillus cereus IN267 (KF150501)

100

(B) o7 NPJ13 (MK564524)

95| Bacilfus velezensis NRRL B-41380 (CU138622)
Buciffus velezensis NRRL BD-569 (EU138632)
93 Bacillus velezensis NRRL BD-568 (EU138631)
Bacillus amyloliquefaciens B068130 (KX826083)
92| Baciltus velezensis BD-543 (EU138626)
96" Bacillus velezensis NRRL BD-557 (EU138627)
Bacillus velezensis NRRL B-23190 (EU138613)
Bacilius velezensis NRRIL BD-621 (EU138650)
Bacillus amyloliquefaciens ATCC15841 {(FN662838)
(’)3‘{ Bacifius subtifis 3068150 (11Q389343)

92

100

100

92

Bacillus subtifis HI (KM3359723)
100 H Bacillus subtifis NRRL B-23972 (AY663694)
69" Baciflus subtifis NRRL B-23972 (EU138617)
Bacittus licheniformis MY 75 (EU073420)
100 Bacillus Hicheniformis KCTC 2215 (AF272018)
100 ' Bacitius {icheniformis KCTC 1918T (AF272017)
Bacitlus cereus ATCCI13816 (AY291535)

0.05

() Bacitlus subtilis BCRC 17441 (DQ309320)
| d Bacillus subtifis BCRC 17442 (DQ309321)

Bacillus subtifis BCRC 17443 (DQ309322)
96 | Bacillus subtilis BCRC 17437 (DQ309319)
Bacillus amyloliguefaciens BCRC 14193 (DQ309309)
100 NPJI13 (MK564525)
87 - Bacillus velezensis BCRC 17467 (DQ903176)
Bacillus licheniformis BCRC 14333 (DQ309324)

100 Bacillus licheniformis BCRC 12826 {(DQ309323)
R
160

Bacilius licheniformis BCRC 15413 (1DQ309325)
Bacitfus licheniformis C32 (11Q336631)

100 EBac{!{us cereus 112 (AF136388)
Bacillus cereus HO (AT 136389)
i 100 _|: Bacillus cereus H16 (AF136387)
0.05 77 Baciilus mycoides ATCC 6462 (AF090332)
2. NPJ13 E#kETF 16SrDNA(A). gyrA(B). gyrB(C)EFAM AL A BN

Figure 2. Phylogenetic trees of NPJ13 strain based on 16S rDNA(A), gyrA(B) and gyrB(C) genes sequences.

Numbers at the nodes represent the bootstrap values based on neighbor-joining analyses of 1000 resampled datasets.
The scale bar indicates 0.5% sequence divergence. Target strain was labeled in bold.
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4. NPJI13 EHR A BRI E M ML R #* 5. NPJ13 EHk& B L& RIHIE G ML R
Table 4. The thermal stability assay results of strain Table 5. The antimicrobial spectrum analysis results
NPJ13 cell-free fermentation supernatant of strain NPJ13 cell-free fermentation supernatant

T/°C Inhibition rate/% (X £ s, n=3) Pathogen Inhibition rate/% (X £ s, n=3)

Positive control 51.85+0.97 Botrytis cinerea SWU5 91.55+0.64

40 48.15+1.31 Verticillium dahlia SWU6 40.23+0.69

Ceratocystis ulmi SWU10 67.99+6.91

60 46.38£0.87 Trichoderma viridae SWU11 39.46+22.63

80 44.44£2.42 Phytophthora nicotianae SWU20 35.95+0.64

100 33.33+0.87 Verticillium dahlia SWU23 25.47+8.80

The strain NPJ13 cell-free fermentation supernatant treated at Alternaria alternata SWU26 19.54+0.21
40, 60, 80 and 100 °C for 30 min respectively. Observed the Sclerotinia sclerotiorum PZ-2  79.41+4.97

results at the fifth day after B. exigua GXH1 inoculation. Scleromitrula shiraiana SXSG-5 80.79+4.05
Boeremia exigua GXH1* 92.12+1.39
Beauveria bassiana SWU40* 64.00+7.37
2.7 TSV R BRI T Metarhizium anisopliae SWU42* 59.00+5.07

_ Inhibition rates were calculated as a percentage of growth
_ / +: b [He k]
LC-MS 73 Hr&i R i s NPIL3 TRl HR 5 U 24 inhibition as compared to control test organism at 5 days after

1 m'z fﬁj\] 1008.65. 1022.67 F1 1036.68 44 & F inoculation for most organisms (*: 7-day). Tests were conducted
in triplicate and results varied as indicated by standard

W) B, X 3 DRI TEMKIRIZE 14 deviation.

S =

3. NPJ13 E#k & B2 LR RETREMHRE GXH1 FRBE SWUS FHIE R
Figure 3. The antagonistic activity of cell-free fermentation supernatant of strain NPJ13 against B. exigua GXH1
and Botrytis cinerea SWUS. A: B. exigua GXH1 was cultured on the PDA plate for 7 days; B: B. exigua GXH1 was
cultured for 7 days on the PDA plate containing cell-free fermentation supernatant of strain NPJ13; C: B. cinerea
SWU5 was cultured on PDA plate for 5 days; D: B. cinerea SWU5 was cultured for 5 days on the PDA plate
containing cell-free fermentation supernatant of strain NPJ13.

E 4. NPJ13 EHkXT RETRIZMRE GXH1 BHREZ R0
Figure 4. Effect of strain NPJ13 on mycelium of B. exigua GXH1. A: The mycelial morphology of control group
observed with optical microscope after cultured for 7 days, B: The mycelial morphology of treatment group
observed with optical microscope after cultured for 7 days.
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% 6. NPJI13 EHRHNE R IR A R KR EE B4
Table 6. The PCR amplification results of key genes
involved in strain NPJ13 antimicrobia metabolite synthesis

Material Gene NPJ13
PKS 1 PKS +
NRPS NRPS +
Surfactin Sp +
Iturin A ItuD +
Surfactin Sfc +
Fengycin FenB -

+: positive; — negative.

(N WiTREELEA“-CH,-"), 433X T C13-C15 (1)
FEMTETER IE B 7 (E 5-A); 78 miz{Eh 1064.68.
1070.63 #11 1076.59 AbA & FUE(FE) 1 B, X 31
BTN T 1031-1082 @IEIWE’J@W% S
KIEMALE Y (K 5-B). it LC-MS Fik o #r

(A) x10°
19+ +ESI Scan (tr 11.454-12.602 min, 105 scans) Frag=120.0 V NJ.d
1.7 +
1.5+
1.3+
1.1k 1022.6653
0.9+
0.7 r
0.5r
03r 1008.6585
0.1, ) 994.6323 1Q04.6530| |, 1016,6149 ’

1030.6306

1044.6475

1036.6813

KU, Rk NPIL3 K & A IRICEL G
T 1 2R AP R T

3 MNEFH

AT R SRR S 8 SRR ZE T4 B A5
F 17 MR AT, I AP RE AT — kX SR TR
4 I T T B RS A L3 1 PN ZE 4 TR NPJL3,
UE H O VUSRI 2R AT IR, fin4% 0 B. velezensis
NPJ13. PIERINZE KK B. velezensis NPJ13
PR AR T R IR R VROV IR B9 T SWUS L Rz HLRL 1
SXSG-5. ##LH PZ-2 MR AERE SWU20 %5 12 Ff
UL LR A AN R R B PRI, EL
PR TG P TR LA AT I AR 1 L 42 80 °C A B
30min 5, MWTEMHEECN 22, H NPJ3 Htk

1058.6632

]080 6435
11066 6272 \‘ 1094.65901102.6248

Ll

970 980 990

1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100 1110 1120

Counts vs. Mass-to-Charge (m/z)

(B)
x103

5.2 F —ESI Scan (tr 10.310 min) Frag=120.0 V NJ-NEG.d
4.6 - 1068.6238

4.0 -
34+
2.8 F
22+
1.6 -

1.0 |
0.4  loedoll

1069.6270

1070.6281

1072.6466

| 1073(501 1076‘ixx4
|

1090.6041
|10‘)ﬂ(073

1082 6381
L

1063 1065 1067 1069 1071 1073 1075 1077 1079 1081 1083 1085 1087 1089 1091 1093 1095
Counts vs. Mass-to-Charge (m/z)

5. E#k NPJI13 BERK YR LC-MS 347

Figure 5.

LC-MS analysis of lipopeptide compounds by strain NPJ13. A: surfactin; B: iturin.
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AIREE G R TE R . R AL KW
FAL G WA RGBT, e A A K
FHFFE Tz A T R KR EE
FlvEHSRIREE, IME MY N A R AAAE T 2 FidE )
PRI ZERUFF I AT LA A 2 ML A,
FERMEVEVER . F IR AP R R IR ISt
AR Arima ZEHRE TR R AT R AR A T
AT RSP R R R Y, Cao S A1EHE
FLZFAAT I SQRO P AEE Y BmyA, ppsE. ituD,
fenD. bamD. albA. srfAB. gk Hl yndJ 45 9 Mg
Jok A S HE BT Surendra 25 I K P AR H5 T
P 2 AT B A I B ARG B R A R R S
PR PR o B R G FE R 0, SR 4 MM B A
FERERRART Hh 23 B A5 30— PR DN 2B R E B 2 FOAT TR
BEB17, BEARIEHIAAEMZINE , T AHACH
YR RIRAVE R . BRI EER
=R IKZAL AP K Bacillibactin, Difficidin £l
Bacillaene =25 HZALA WY, U1 ST 25 A0 AT 14
(Bacillus velezensis){f: 2k ZF fUAT B J 19— 1> H AL
G, XHHE A BRI AN S RGP UR TS
TR E A Y S A MR AR (1 22
IRRER] 1 BRAT R N2 AR A T AR A e
FA 1) B. velezensis JS25R, 7E iR 5k T IZHEBER
RUBEAR/ INAE TR BRI KO3 AR JEE L 15 4
O KIM Z5% B. velezensis CAUB946 [ kit
PR 5 U A 7 W o b e B HE T a7 A i
Ik, PKS FIVEF I 2R VA MH R RIS . KAHEL
R AR e AL 2R . 5 SR 50K 18 AR SCRIF 9 5%
fili b, EAf B. velezensis NPJ13 [ #X] S 2 42
P, RS HH ] B ORI 43 B alifb 3645 NPJ13
PR i PR ) 2 S TS P o8, TRARFEIZ A
PRXS SRS g A I AR DG LI, e AE ™ o
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|solation and identification of an antagonistic endophytic
bacterium from mulberry for biocontrol against Boeremia exigua

Ruolin Wang"?, Weifang Xu“?, Fei Wang*?, Xiaolei Zhou“, Yue Zheng“?
Hongsen Jiang"?, Jie Xie"*

! State Key Laboratory of Silkworm Genome Biology, College of Biotechnology, Southwest University, Chongging 400715, China
% Key Laboratory of Sericultural Biology and Genetic Breeding, Ministry of Agriculture, College of Biotechnology, Southwest
University, Chongging 400715, China

Abstract: [Objective] Antagonistic endophytic bacteria were isolated and screened from the healthy stems of
mulberry using Boeremia exigua (the pathogen of mulberry snags rotten leaves disease) as target, for the biological
control of mulberry snags rotten leaves disease. [M ethods] Endophytic bacteria were isolated from mulberry by
tissue isolation method, and the antagonistic bacteria with stable antifungal activity were screened out by the
combination of inhibition zone method and confrontation culture method. The antagonistic bacterium was identified
through morphological features, cultural, physiological and biochemical characteristics and phylogenetic analysis
based on 16S rDNA, gyrA and gyrB sequence. The thermal stability and antimicrobial spectrum of cell-free
fermentation supernatant were assayed by inhibition zone method and mycelial growth rate method, respectively.
Finally, the antimicrobial mechanism was explored through observation the affection of the antagonistic bacteria on
B. exigua GXH1, amplification the key genes that were involved in the biosynthesis of antimicrobial active
substances, and the lipopeptide compounds produced by antagonistic bacteria were extracted by acid precipitation
and analyzed by LC-MS. [Results] In total 17 endophytic bacteria were isolated from healthy mulberry. Among
them, strain NPJ13 exhibited strong and stable antagonistic activity against B. exigua GXH1. Morphological
features, cultural, physiological and biochemical characteristics analysis results indicated that NPJ13 belongs to
genus of Bacillus. Phylogenetic analysis results based on 16S rDNA, gyrA and gyrB genes revealed that NPJ13
strain and several strains of Bacillus velezensis were in the same minimal clade. Therefore, strain NPJ13 was
identified as Bacillus velezensis and named B. velezensis NPJ13. The results of thermal stability test showed that
strain NPJ13 had superior heat stability. Antimicrobial spectrum showed that strain NPJ13 had different degrees of
antagonism against 12 kinds of pathogenic fungi, such as Botrytis cinerea SWUS5, Scleromitrula shiraiana SXSG-5,
Sclerotinia sclerotiorum PZ-2, Phytophthora nicotianae SWU20 and so on. The hyphaes of B. exigua GXH1 treated
by B. velezensis NPJ13 would become distorted, intumescent, broken and more transparent. The results of
functional genes detection showed that the genome of B. velezensis NPJ13 contains 5 antimicrobial metabolite
synthesis related genes, which are PKS, NRPS, Sp, ItuD, Sfc. Surfactins and iturins were detected from the
lipopeptide compounds of strain NPJ13 by LC-MS. [Conclusion] The above results indicated that mulberry
endophytic bacterium B. velezensis NPJ13 has strong antagonistic activity on B. exigua GXH1, being a candidate
strain for developing the biological control agent against mulberry snags rotten leaves disease.

Keywords: mulberry endophytic bacterium, antagonism, mulberry snags rotten leaves disease, antagonistic mechanism
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