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PRI s R R BT 3, AT LI R B
PEREARTT AN, BRKBE, AR A AR
B e il B

T 10 AR4E, [ N SMEPIRR BRI BRI BETEAT
TRERE, AR —A Y A R
PLIA T SR Z R BEAE . DURCEYIAE R 32 %
T AR BR G A B IT RR =, FEFE IR
K. TERBMI AT, PR TRE
PRARGUS ERR SR A A, TR A0 as k.
FAERN T R B R I AL R, i 2F
FAF BRI S AR IR S 38 TR 80% Y™ i
Wiy, ARSI AT, T e 2 0 e of )
J2 DU Wy 2R A 16 (Bacillus velezensis) .

DUSEHT 2R AT R FZB42 2[RI AN BT A 5% i
MIRAMRFERRZ ), 85 Rk, T
FARAY2AARIESCEA 300 £, FZB42 ¥ 21
UE M ZF A KT TR A W 0 B (Ba.  amyloliquefaciens
plantarum)BEE RS, {H 2016 A BEFERD],
PO A L 44 B DU 2R AT, 9 [l S
AW ek FZB42 8144 0 VUSRS 2 F A 18  FZB42
B2 10% R EE R AH BT, R T HUAE R A R
SRV RS R, HAP SR LR RS
(difficidin, bacillaene, macrolactin), JERKZRILG
¥ (surfactin, fengycin, bacillomycin D)L sz —Ff

MTERE 1535 1) — kA& ) bacilysin” ', 3%
BB AR O Y R RLBREA L S R AR AR AL
FHMRZEHIRANIGT . AL, FZB42 ihfE
PR SRAR A AR I, BLAT R S AR o B RE
X0 T B AR PR R Y R 2R, AT
F otk

BRI, FZB42 1ENSciabtel, ST
Z PR R B o TR RE NS IR AR ST, %R
B ARAEAON. AT IR A T BT , (Hig 5N
1k, ZEBRRAEMOE R AR A Z 2 T L.
2011 4F, BFFEFHAE FZB42 FHUE T 1 Fhop iy e
e/ I S Y (1K) 441 B 25 (i 44 M plantazolicin)!'™ o,
2013 4EA HIE N R, plantazolicin HAT #1155 75 i Bt
FF£& 11 (Caenorhabditis elegans)HiEPE!, XA fd
FATZE, YR WAT R 2 R RS
Peo R, TEAPTF AT FZB42 XHAF LR
B LRI PEIEA T T IE RO, AN ZE SN B
P T AR B SR 1o AL

|

1.1 BEFREE. BEMRA SRR

23O TR bR S R AR T LR 1o Al
AMA3cl NEF ML . Bu. xylophilus AMA3 )
FMIEsE R, KRR AMA3cl,

F1. XHERAMER. EENEEER

Table 1. Nematode, fungal and bacterial strains used
Strains Description Sources or references
AMA3cl Bu. xylophilus derivate [19]
FZB42 Ba. velezensis, wild type Laboratory stock

RS06 FZB42, sfp::emAM bacA::cmR, deficient in
lipopeptides, polyketides and bacilysin

RS31 RS06, pznC::spc, does not produce plantazolicin

FBS262
FBS296

FZB42, tasA::speR
FZBA42, tasA::speR, epsA::kmR

[18]

[15]
This work
This work
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FZBA42 B Az RIS A S 3 ek, AT A= R A8 #K
RS06 A1 RS31 1 [ it £ K 2% Rainer Borriss 2%
83, A WIS AR R FBS262 F1 FBS296 A5
R, BB LB 87 Landy 1537 355 5508,
T ANTEAI NPT R 2 A W R 5 B, . plantazolicin
A 3RS DL SCIR[15]

1.2 JCRb & du il &

1 Zhu SR M 7 ik m 4 JC g 1™, fif
AR . B 5 Baermann J Sl AR R, SRR R
WA SR B O S g b, A
25 °C KiFR M A=l 4-6 h. WM& e 35 38 =i
B HBB ITC K st LIk, EBRE R w58
15% H,0, {H# 60 min, SR J5 FFHITC K Mk 3 1.
Bl , R aE B b A B Y LR T b ) 7 A6 Y
Stk b, HHAE 25 °C k. TECHE AT
Baermann J |- AR BFE L L, PRAFAE 4 °C UKFH
Mo MR & s, ATy,

1.3 plantazolicin H2YH] &

M FZB42 Zififssh#2H plantazolicin A 55
ZICHR[17]. WIF 2, K FZB42 1€ PZN A =R
B EBEFR 1d, NS AP IR T, T 21 mL
OG5 9 mL ZEKBIR-A W o B 30 pL By H
RASMENRGYIH, JEiRiE, )5 8000 r/min
B0 20 min WA B K EIEHON 045 pm JEJE
108, SR G FEE 25 A/ VT30 °C, - 100 r/min,
80 mbar), H TG B4IIE T 2 mL (L) -/K-
FIRE G, REHRBRITRE D, HIHES
BRANGER . FRETHRE IR, W T4 E
R B rp, JEAT J5 2% HPLC-ESI-MS 73 #r i1k
HUSE
1.4 HPLC-ESI-MS 27

P43 B3 UltiMate 3000 UHPLC 3%

Z % (Thermo Fisher Scientific), f# A Sun Fire Cg
(4.6 mmx150 mm)fa i, JHEE A 0.4 mL/min,
LRVERRIE R 20%2 98% LM 0.1%H R 8 min,
K 8% ZLMEMREE 2 min, ST LTQ
Orbitrap XL Jfiji#{% (Thermo Fisher Scientific), DA
PR AL T, s s D& R 500-1400 Da.
1.5 FZB42 YA BB A TE R 2

L FZB42 (& FE 4] DNA Mk,
5% FBO797 (5-TATGAGCAGACAGAGGAAAA-3")
#1 FBO800 (5-GATAAAAAAAG-CAAAACGAT-3')
PEAT PCR 414 tasd KB, ¥ A T #iKJE, LI
PEWYIEG EcoR 1 YIJF, i AH R Zhii: LA
(speR) v Bt, #h it d4H Bk pFB219, Fi¥s pFB219
Ak FZBA2, PRk AR TR VS PCR Bk,
R TERAAY 251K FBS262(AtasA: :speR), [RI1FR, fdi
M54 FBO8O1 (5-GCTCTCCTATTCCCGTGT-3')
FIFBO804 (5-AATAGAAGATAAATGTAAAAAGC-3)
PEFT PCR ¥4 epsd X Bt, VARIRFERPUPERN
(kmR)FFric, TWEEHM R pFB218, FRRH %5
KAk FBS262, Bk BAPE s, I3 B kA5 3] 58
kK FBS296 (AtasA:speR; AepsA:kmR).
1.6 FFHERHE

TR 25 275 SCHR[20]
1.7 AEAFET WAL BB T AT R
1.7.1 F FZB42 B L7543 : % FZB42 Hf 4
B LB 5% Landy F5 32 3L 43 5| 55 3% 24 h #1148 h,
WA TROIF B O, B BIERRR R b, IR
FUNFEANE . SRJFH 40 pL 5% 120 pL EIEEAN
2 24 fLARHF, FAIA 360 uL JCHFA M LR HUB
(Z9 1000 %), 7 BIXE B340 k4T 1:9 A 1:3 76
Be. IE 24 hF148 h5, ARlHRELRIET:
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o BAPEXS BN B3, AU R AR LB =)
# Landy KiFe 5k, AbFRAINS HRIGEE 4 N EE .
T 3 S OO B A A R R R BT T A L AR
10 fE YD BEWLES 20 uL 2k HUB TR, AR OULER 3] 2k
HURIES), H AR et 2 S A 5 R AT AT
K, WRAHZ BET- . % plantazolicin 1B i
I, BREEFREAR Z A, HAPERER
Wit
1.7.2 F plantazolicin fHiZ¥AL3 . FH H B
plantazolicin $2HUH) MR B2 43 71 A4 5 600 mg/mL
#1300 mg/mL. 7£ 24 fLAREALHMA 360 uL 7t
/KA 20 uL FZB42 ZHffRE, SRJGFImA
20 pL AABF LR HUER (2 2000 £5)BEA TR X6 HE AL
FH 20 uL HEEAR AR plantazolicin HI$E4), AbFAIN
W% S ANEE . 25 °C FIFHE 18, 28, 40, 64,
96 h J&, SrRIfELRIET R, ek RET:
f 7 R it
1.7.3 BAREEALALIE . K FZB42 B7 A4 AR A Y
B G E FBS296, 43 4% 1% Fl i 4 F £
DSM ] FIE 5, 37 °C. 200 r/min $555%
36 hJi , B0 EE 246 FH TG TR PBS 22 i (pH 7.0)
W ZEAUTVE VRS 3 K, e FIAHIF 9 PBS 22 vhil
Wi BEE ODeop 3.0, T 10 pL =M 1 mL
2 MUK (2 3000 %) B, K BRI B T 24 FLAR
i, 25 °CHRE 2. 4. 6. 8, 10, 12 d J5/5lH
ELBMAAIE R, MBANGTHE, SHEE
3AEL, AL 3 W TSR , FRROWEE 5 pl
B
1.8 BESIT

{0 FH R 7 R 3 LU A 2 OB T Rl A TG 32 1 2
S
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2 ERFAH

2.1 ARFFEMT FZB42 THIR EIEXTAF LR B
e

T DL ST ZEAAT TR FZBA42 XS ARk i
AVETESD I, FRATOLS R A T —Fh fa] 2y i Y
WG BT PA MR VB T — 2 WL FZB42 17
Wi, HE IR — Bt SRR T R, T
FZB42 fEAR[FAERKEE], RFEEEFRES, SLUR
[ (35 3 A AN [ B AR ™ P (BB A= %), Rt
FEATEE T WIRR B SR (- B SR AL LB A
FZB42 HiA R A BUE G2 Landy 355755, W
AN K (R 5% 24 A48 h i) BURE R B3, 1
T LU BIRRRE(1:3 1 1:9)i8 I 24k B, FE43 Ak
FRAAFA LR L 24 h F1 48 h J5 ARG

MEAEE R 1 fisk 2 s, 78 RIEWRERN
1:9 ARG LT, AT 1 LA B 5 0 B A 22505
MAE 1:3 PRGOS AL 3 5 ) AT 22 51,
UL 1:3 Fi Bl 3, 4k A A B S AR 1 sk
F o PIFNEE IR IR LR B, N LB B3R
M b, A 4 HABSXRA &2, HxE
AR 2 A B2 10%-20%; T 850 Landy
B B3, RA WYL SxiEa 20], H
AT BT 3%-5%, X UiEH FZB42 #£ LB )™
A AT B S HA SR 2 A B a4

L di AR RS 18] AT LA B, AbBE 48 h 5L
LB T U] (s T AL 3 24 h, X5 H HAH
£, MRS T — AN S % Hik,
7t LB P58 48 h SRR BIF, HeHER 24 h )5
WY B S AP AR, PR AT A
W, FZBA2 I oA AR S AR v AR e A
JEW o ERGRT R, WL U R R A s (R AL PR
ST 48 h AR LB B3Rl Fig b iz 0t 48 h,
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PSR A LR HBET R ik 2 50%, 1 HoAth RIS E i A LU 41 45 FZB42 i
b FRH A A R FEAERTE 20% LA T o Yz, PRt T AR S B
(A) 0.8 © o8 -
1:9 dilution/LB
0.6 | 9 dilution 0.6 F 1:9 dilution/Landy
%k
- 1
% 0.4 F g 04 F
- ® s
g 02 b | g 02 } . S
0.0 -&I% ............... rﬁ‘" .......... 00 |ocoo - -mmmm--- M4 ------------ ;7 . ..... ¢ —*
-0.2 1 1 1 1 1 1 -0.2 1 1 1 1 1 1
B) 0.8 (D) 0.8 1
okakoll ** 1:3 dilution/Landy
0.6 F T . 0.6
o —tE " % o i
s 04F - : s 04 F 1
z 02} JI; B g o2y J:r
L= PO ) C —E‘ ............ R
0.0F 1:3 dilution/LB 0.0 -
_0 2 1 1 1 1 1 1 _02 1 1 1 1 1
o SN 5 %,bf"v %,bf"v > %C\P:Q %C\P:Q ® %,vx\ %,vx\
NN ) S F N S SOV S

1. AREIFGT NEFMITE FZB42 EiE R & R TR
Figure 1. Effects of different culture supernatants of Ba. velezensis FZB42 on the mortality of Bu. xylophilus. The
supernatants of Ba. velezensis FZB42 cultured in LB and in Landy medium (LD) were collected at the 24™ (245)
and the 48" (48S) hour after inoculation and then diluted with Bu. xylophilus suspension by 1:9 or 1:3. The control
(CK) contained no supernatant but only LB or Landy medium. Death rates of the nematodes were determined after
incubation for 24 h or 48 h. Four replicates were used for each group. Significance of the discrepancies were
calculated by Chi-square test according to the data in Table 2. *: P<0.05; **: P<0.001; ****: P<(0.0001.

F2. RIMUGEHTFANE FZB42 BRI HET/FEFER ST
Table 2. Statistics of dead or survived Bu. xylophilus in suspensions supplemented with different Ba. velezensis
FZB42 supernatants

With supernatants from LB With supernatants from Landy medium

Dilution = Nematode status  Incubation for 24 h  Incubation for 48 h Incubation for 24 h Incubation for 48 h
CK 24S 488 CK 248 48S CK 248 48S CK 248 48S

1:9 Dead 1 10 4 2 8 16 0 0 4 2 7 4
Survived 32 211 112 72 83 78 35 38 78 75 77 123

1:3 Dead 2 9 17 24 16 53 0 5 6 0 4 6
Survived 80 39 51 104 54 52 31 69 89 181 107 127

Each number is an accumulation of replicates from four wells (80 pL in total). 24S: the supernatants collected at the 24™ hour after
inoculation. 48S: the supernatants collected at the 48™ hour after inoculation. Death rate=dead nematodes/(dead nematodes+survived
nematodes)x100%.

http://journals.im.ac.cn/actamicrocn
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2.2 RIRIE R L 3E XA AR B A IAE A

7 FZB42 7= /Y plantazolicin 4275 H
AR LB AEYE, RIS FARSEE A
Ik, X3 BRYHTE(FZB42 BFA4EH . 5875k RS06
I RS3NMEFRIE LW AT . o T B LA,
o5 K6 00 235 SR 43 1) e R Ak T s 1) R 75 TR A R AR
oy EmR. IWE 2-A, 2-B., 2-C A[H1, 7E[EFE
QPRI A5 PE R, BEE DT TR BE 3G A A £k o
MIBET A 4R, WR T AR LR e A2 B 4
ROR BAT VR EHOE s (HJRAE R — RS ECT
3 ANEERE BIE IR T T E R R 2 R
(1 2-D. 2-E. 2-F). 5¥ARIFHEL, RS06 Fbkk
KT REBSTHUAEREG AT, 11 RS31 JEFE RS06
Fenh FAEERY , #E—2P4% K T plantazolicin G
fE7r. ik, XHMLEREET R, RS06 FTAGES A
RYARLE 4 4= 2K A plantazolicin, X2k B0 i 2 0
P
2.3 plantazolicin $2ECYIXT AR HL 4P 54

i F% &3] plantazolicin 7£ &I A
% B IR S TC 22 A s, R R ATk
FEXT plantazolicin #4THE ORI FRESL L o & U 1)
HPLC %54 ESI JFii% 44 . HPLC Kl b g s —4
SR 706 S PLAE FZB42 Fl RS06 AUIRE
HEA HIAE RS31 HREH, X5 RS31 H
plantazolicin G A PR 4 B R 1) 1 o — 3 3 ob
R SR R B IS R)(RT) A 7.32 min (& 3-A),
5 Z HiHiE W) plantazolicin F¥) £f B4 B [a] A4H 3T o
ESI-MS i — 3R], XS L5 10 miz=
1336.48 [M+H] F1 m/z=668.74 [M+2H]*", F£WHix%
&Iy T84 1335.47 g/mol (E 3-B), MS i
KRN 5 DA 5 58 Al ), X seah ]R3k

actamicro@im.ac.cn

B R #EHL T plantazolicin,

# plantazolicin $EHU VLA (600 mg/mL
1300 mg/mL, it i Z AT )i =k 2k
AR, 43 B X P A 2k AT A R
ME 3-C /JLIFE ), 7ERT 64 h N, H plantazolicin
PR 2 G IE TR AR T 5%, H 5%
HZPIFF IR EER . 75 96 h J5, XY
AN ) e BRI AN E 2 24% , T LG o
Tk BE plantazolicin 4bFHZE d Y FE TR T8 SR 751K
T 2% ZGREY], ERARAIE96 h)Z )5,
=873 plantazolicin I, AUBA BH R
LHMAER], HRER 7ML RN, X445
ORGP ZORE, RBP4 A e BT A AU Al R
ZF AT T BB % K 55 T B A 4 1 o i ) i A
— o2
2.4 FZB42 HERURI AR RARTE 00

B £ YA B2F AT T RE 05 TR 1A 0 Y g
71, AR T5 T BT 2 U A VR R R T
LA G20 DS ZF fL R B A R 2E AR R Y
I, 1 FZB42 JE A YRR #8 )1 d 143
R, HIL, ATRIE FZB42 AW sl AH ¢
TE AR A S T A R AN, FRATT B e
T FZB42 W HE WA 32 301 58 228 ¥k FBS296., 1A
% PCR B iE Bk i B 5% Ak - 25 DNA 7 45
REH], FBS296 254 Yy E A AhJk o 32 A
43(EPS FITEMFEE 1 TasA)S A0 3 R 25 4t ol
Io Bl 4-AF14-B o, 5 FZB42 WrAERIAHLL,
FBS296 YWV F-1H, JLPBAT (44
FE R AR 37 L R T LT AN R TR e, X 13 B
FBS296 7t [if] -/ 1 il -V % 18T 114 A= P JEE I i g
SRR
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Figure 2.

(D) 1:5 dilution
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< : &
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= z z
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K E «? > 2 «9 SR
(F) 2:1 dilution
0.8 -
10h : 28h . 48h
0.6 | : §
2 4} : § %P
s : :
5 OA'fE % §
8 2 %F z
A
0.2 } : :
0.0 1 1 1 1 1 1 1 1 1

N SIS
& q‘}? S &

NAZIRN SIS Ny
PR IR 49 > S

3 MER LB M & RET RN

Effect of the culture supernatants of three strains on the mortality of Bu. xylophilus. The supernatants of
Ba. velezensis FZB42 wild type, the mutants RS06 and RS31, cultured in plantazolicin production medium were
diluted with Bu. xylophilus suspension by 1:5 (D), 1:2 (E) or 2:1 (F). Death rates of the nematodes were determined
after incubation for 10 h (A), 28 h (B) and 48 h (C). Four replicates were used for each group. Significance of the
discrepancies were calculated by Chi-square test.
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Figure 3. HPLC-MS

7.32

({ FZB42

L RS06

RS31

1 2 3 4 5 6 7 8 9

F521.3335 649.393
J 6393613‘

668.7436

748.4612

896.7966 97?-98
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t/min

1136.4796

1354.4896

15
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mlz

1300 1400 1500

—e— 600 mg/mL
—=— 300 mg/mL
—— CK

plantazolicin 12 EI#I#Y HPLC-MS H i R E MM & AT TR
analysis of plantazolicin extract and its effects on the mortality of Bu. xylophilus. A:
HPLC chromatogram of plantazolicin extract synthesized by FZB42, RS06 (Asfp) and RS31 (Asfp, ApznC); B:
the mass spectrum of plantazolicin extracted from FZB42. The ions with m/z 668.74 [M+2H]*" and m/z 1336.48
[M+H]" represent the typical molecular mass of plantazolicin; C: the effect of plantazolicin extract on the death

rates of Bu. xylophilus. The plantazolicin extract were added to Bu. xylophilus at two final concentrations
(300 mg/mL and 600 mg/mL) and assayed. Death rates were determined at the 18™, 28™ 40™, 64™ and 96™ hour

after inoculation.
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¥ FZB42 1 FBS296 14 ZE 7 43Sl s Jin =48
B, WXL ARG, K 4-C 7]
DIFE Y, FZB42 THH Al A 35 JCAH B () % BEAH
o, MMM BAE s SRR/ 4 d WIF R EE R, (H

A)

FBS296

(B)

(©) 1.0¢ )
-+ FZB42 wild type
-=- FBS296

-- CK (no bacterium)

Survival rate

4. UURETZFATE FZB42 BMEMRHEMES
FLBE N XA M 4 R TR B B F2 0T

Figure 4. Effects of direct contact of Ba. velezensis
FZB42 and its ability of biofilm formation on the
survival of Bu. xylophilus. Morphological appearance
of colonies (A) and pellicles (B) formed by the FZB42
wild type and the mutant FBS296 deficient in biofilm
formation; C: effects of the FZB42 wild type and
FBS296 on the survival of Bu. xylophilus. Spores from
the wild type and FBS296 were applied to Bu.
xylophilus and their survival rates were determined in
12 days. The control contained no bacterium (n=9).

TESS 6 K, 55 8 KA 10 K, ALBE AT HE (A7 I%
KARLY 10%, XKW, FZB42 HIEREMXHAb
HEAHIHIER ., 5% 4% FZB42 AL, FBS296
b RPN AL B A TS R A, HOIHISORAE S
4 KRB I, TWiSLA FZB42 ¥ A 5 TR Xf
HEFTCIA B 225, X ULAH, FZB42 JE AP
REJIXT AR 2 AR IS A Bl 2 E T, X fE—E /R
JE FRRART XA LR ISR, MR E )
HETE BB T IS, DU LR AR A 4 o g 00 2 o oy
ik,

3

3 Wi

i 5 35 5 JE I 25 A S b DX B T LA A
R, DR T S TR 22 5 9 1 B 4 S —— A
i, EMARA RIS E RS & 1 A RO =
MAPIBG I T, BRI T B M (I
AR T IEORY I — 2. AE N 22 IR A
YA Wi R LG, VUSRI ZE AT T FZB42 X4
RANAEPIEEVERT, DL G 22 M i S B
MFESPUER, B8 2, Hi2e s ik,
AT NRE I RAA LR ALV A IR HEA TP

ARG H, FATMI T FZB42 XML
AR, KR ARSI . AFEEHY . A
[Fi) ¥ i DA [) Ak RS [ (1) FZBA2 TR WS I ZEA b1
AR, MWEMMEIRMIET A, kI FZB42
B BA IR AR 2 R 8CR , Hoh7E LB By
FREEAN 123 Fie g 21T XA 4 th AT B i
PN AR s TUsSE 48 h Y LB 8535 b i abpa
AP 48 h, AIEHIRAIAFNL 50%, ik LE
JE SRR TR T B, HE sk S E 25 R
ST ARG, A T I RIROR &
FEAR N, G SRS AR AL IR A Y
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BOE T AN, BN, SAMAERRY], FZB42 &
REFT A 13 RIS (22 0T A B A ),
XL HT A 5T AR 7 A e 3 5 7R UG I ] &
AHE], Horp 284042 Z ()40 fengycin, bacillomycin
D, difficidin) L IERTFRIIE Landy KiRSE, (HA
IR B, LB BE IR I8 X AR 4 i iy 4 il s8R
B ALTF Landy ¥55%W, XHE/R T 7E Landy }i5%
Serbim 7 B JURh A 2 IEAE I RIS A 42 i) =
BB A, TE LB Hi3R S R R A R b (L)
TR, TMRLSP R Z R ROR 51 55 . XSRS
G NG AT EIE M B R T 2 E R
LR

JEHl Liu SFM0F50IA, FZB42 HA R 55
R BEATER B R EE, SXFE MR R FZB42 fir
FEAE RN &R plantazolicin fi S, HiZ3C
PO REIE AT T, IR R X HAL S Tt
Ho TEAMSF G, Joie i FHAS [ 5 28 bR i B3
(RS06 vs RS31), Ml 4fifkid 1) plantazolicin
PEE, K &P plantazolicin X #3F4 £k Ht HA )
ANER . AL, e hRATLI, i
plantazolicin HLE&¥), [ AEME ] B & mpapr 2 dy
MG, AR EFAT L — B R, I
K FZBA2 A= WIIETE BURE T RS BA L B2
VAR R, R AR TR RE 0% 1 1K 55 T
BRAT L sy A a0 SRR 25 4R A 2 /D IR
WEAK, — AR ARG S0 —
AALE(NOYIF 1T LA Ah AR E Y —
JE A F AU TS B R R 1B N R AR e B
IFIE AN, A AR T NO 43 F
FI—FPSEAR(CSF)RY™ A, CSF LEAN B2 FLFF R
JE R {E AUV (quorum - sensing) HP & ¥4 B KA S WY
YERT, JF# NO PrlE], REGZAER L dizar, HLH
Hyuaa ryae 7B, DS ZEAAT BRI 5 257
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FFH 550 2 ARIES), [ plantazolicin $2 B4
PR DR 2 BTG R 25 SR, ] AU A SRR
TE— 5 o TR FH AR W IS4 58 A8 Bk FBS296 (1
GERY], FZBA2 MAWIEIE MBS, i SERt 4 e
WML BT F A TTlR, Ik, FZB42 XTHabt
2 W R I A AE PR S e, — R A VE
— PP R T AT a R T, BNEIK E,
I FZBA2 TARRIE R 1 AR 2 e 17716 5
(&l 4-C).

g5 A, AW E R BRI E TR, i
SE 1 DUSIIYT ZEFL R TR XA B4 42t HA A T
FEXF I A A FHRSCR I BEA S A FUAS [) Jr =gk A 7
T, HERR T plantazolicin 230 il 49 5t (1) A]
REME, WIER T LE MBI URE Ty XA R 2 HUR S
TEARE TAES, VAR A EAM R BT,
Bt — Ak FZB42 MR Ve 2, 46
SE S PA A 2 B BARYI BT, BRRINTRBOR 0 73
THLBISESE . ARSCHEER, X R A3
TR, WO A AR B TAE, 4Rt
T AT S LA AT R B A P R
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Inhibition of pine wood nematode Bursaphelenchus xylophilus
by rhizobacterium Bacillus velezensis FZ7.B42

Wenbo Zhang, Yulong Li, Lei Zhou, Dongxia Shen, Lihua Zhu, Ben Fan’

Co-Innovation Center for Sustainable Forestry in Southern China, College of Forestry, Nanjing Forestry University, Nanjing
210037, Jiangsu Province, China

Abstract: [Objective] Pine wilt disease caused by the pine wood nematode Bursaphelenchus xylophilus is a
destructive disease of pines and one of the most dangerous forestry diseases in China. Bacillus velezensis strains are
widely used in agriculture as microbial agents for promoting plant growth and the major bacterial resources in
China's microbial fertilizer industry. In this study we evaluated the inhibition of Bu. xylophilus by Ba. velezensis.
[Methods] Ba. velezensis FZB42 was used as a representative strain in the study. The inhibition was determined
using supernatants of FZB42 cultures under different conditions, the supernatants of different mutants, the extract
of plantazolicin, and the direct FZB42 contact on the mortality/survival rate of Bu. xylophilus. An FZB42 mutant
deficient in biofilm formation was constructed and its effect on the survival rate of Bu. xylophilus was also
determined. [Results] Compared with Landy medium, the supernatant of FZB42 cultured in LB medium had a
significant inhibitory effect on Bu. xylophilus. The supernatant collected at the 48™ hour after inoculation was more
inhibitory than that collected at the 24™ hour. The inhibitory efficacy improved with the increase of supernatant
concentration and treatment time. Using LB culture supernatant collected at the 48" hour to treat nematodes for 48 h
could result in a mortality rate of the nematodes as high as about 50%. The tests with the supernatants of different
mutants and the culture extracts showed that plantazolicin, a bacteriocin reported to have a nematocidal activity
against Caenorhabditis elegans, had no inhibitory effect on Bu. xylophilus. Direct contact experiments also showed
that FZB42 significantly decreased the survival rate of Bu. xylophilus, although the bacterial biofilm formation
could enhance Bu. xylophilus resistance to stress. [Conclusion] We demonstrated with laborious but strict assays
that Ba. velezensis FZB42 had an inhibitory effect on the pine wood nematode Bu. xylophilus. The molecular basis
and mechanism of the inhibitory effect need to be further explored, but it has proved to be not related with
plantazolicin. As a group of biocontrol strains with good safety, profound basis research and high degree of
development, the potential application value of Ba. velezensis in the control of the pine wood nematode deserves

our attention.

Keywords: Bacillus velezensis, FZB42, Bursaphelenchus xylophilus, nematocidal activity, plantazolicin
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