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Comparative analysis of the antagonistic activities of 23 Bacillus spp.
strains and their lipopeptide compounds

LIU You-zhou', CHEN Xi-jun®, YIN Xiao-le', LIANG Xue-jie', QIAO Jun-qing', LIU Yong-feng'
( 1.Institute of Plant Protection, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2.College of Horticulture and Plant Protection, Yang-
zhou University, Yangzhou 225009, China)

Abstract:  Bacillus spp. is a kind of biological bacteria effectively preventing and controlling the occurrence and
damage of many plant diseases. To evaluate the antagonistic activities of 23 Bacillus strains and their lipopeptide com-
pounds, the selective medium were used to detect the extracellular enzymes produced by 23 strains. The lipopeptide com-
pounds was extracted by acid precipitation method and analyzed by LC-MS. All 23 Bacillus strains produced proteases, and
Brevibacillus laterosporu ZR4-5 and B. atrophaeus YL3 produced chitinases besides. Nine Bacillus strains including B. subti-
lis PTS-394 showed strong and steady antagonistic activities against Fusarium oxysporum , Colletotrichum gloeosporioides ,
Rhizoctonia solani and Sclerotinia sclerotiorum , with the widths of inhibition band of 33.4-42.0 mm, 34.6—58.2 mm, 34.6—
40.0 mm and 30.1-39.2 mm, respectively.The lipopeptide compounds produced by 6 Bacillus strains including B. subtilis
JND could inhibit the mycelia growth of F. oxysporum and R. solani, with the width of inhibition band of 26.2-39.4 mm and

30.5-34.2 mm, respectively. Surfactins, iturins and fengycins were detected in the lipopeptide compounds of 15 Bacillus

strains by LC-MS analysis.
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U DR RRAR ™ A= 2 ML X i e T 5% SO AR
MM, 2 HATAER A T s 2 i —28 1T TR
VIR G 1 28 LA T R 28 32 20 A 28 M AT 1A (B
subtilis) fRTER 2 MOAT & ( B. amyloliquefaciens) . %
K ZF BT ( B. polymyxa ) 35 51 2 BUAT T8 ( B. cere-
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oy T AL G I W v R 20 R L AT RE
Az BT LR S B o B R 1, e R A A B
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AR RIS VR R DR R R
FEV S —SBOAh  F E AT R P A 1 R S M R
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WRES . RIMIEEREREEAE Y AR ERIE i — 2 4
WIIEE, MR O 4 H AR 358 S 2 6 S TR B AR
PRLEE & G200 W, B A9 3G Trurin A Tturin B Tturin C |
Iturin D Tturin E, ¥ R % & Bacillomycin D | Bacillo-
mycin F Bacillomycin L L XHTEA FLR 2 Mycosub-
tilin , EA —E B9 1006 P4, % e B B AN EC T A AR 3
MR PE 2 12 RN Z R R e R B B
BORARETURE L X R 20 T 10 400 T 56 1 A af
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TGO A T g i L T A T P, P A% A
PRARLANEG 73 W 0, BIFFE 23 R ZF MOFT 77 26 1 AR Ak
KA G YRS HAM S RIS R OCR, A A
FHZE AT T8 B LR IR i W) 5, O 8 B AR A
R IR AR

1 ARSIk

1.1 RIE A

P ZE MR T 9 AN 23 Bk, B ASRG R 2E AT T
PTS-394 JND F Bs168 , fif Je k0 2E AT B B. F5-1 il
FZB42 , Z2 K 2F J AT IR N1-9 N3-4 Hl ZF8-1, I it 2
JEFFIT N15-2 N24-2 il F1-2, 9605 25 AT B ( Bre-
vibacilluslaterosporu ) N26-1 N106-2 F1 ZR4-5, 5 K%
AT B NF106-1 Fl1 G329, %7 /N 2F J AT B N103-1,
ZR3-2 H ZR8-4, A S W AT 1 ( B. anthracis) F4-2 |
N74-1 Fl BF1-3, 2545 2E AT 18 ( B. atrophaeus) YL3 ,
YA 5 5 DR AE T Bt 0 R A0 T - BROSC IR T
(Erwinia amylovora ) 185 BA ( Xanthomona so-
ryzae pv. Oryzicola) A SEH0 28 RAFITER AL . i
W Rk T) B ( Fusarium oxysporum ) | ST AR 22 1% 7
( Rhizoctoniasolani ) . it #8 2% JH J% B ( Colletotrichum
gloeosporioides) M= W A% 7§ 18 ( Sclerotinia sclerotio-
rum) HIAS S 2 QR A7 T3

ThRA B A HEBEIR (Potato dextrose agar, PDA)
Bigrdk . DY 200 o I 4IHE 20 g BUIE A 20 g %%
187K 1 000 ml; LB ( Luria-Bertani ) BRI EE A
10 g BEEERY 5 g NaCl 10 g Z5I8/K1 000 ml; & (1 il
R R 9% 2. BLBE W5 83 100 g, B fig 20 g, 78 18 /K
1,000 ml; JLTJo ARG 85 5% 2 . AR LT J5 15..00
g MgSO, - 7H,0 0.50 g, FeSO, - 7H,0 0.01 ¢,
K,HPO, 0.70 g . KH,P0,0. 30 g Bifl§ 20. 00 g 71
K1 000 ml; 21 4E 22 Mk DN 5 TR0 - BRI 10 o RS
¥ 10 g FRIPILLFHE R 4N 10 ¢ NaCl 5 ¢ KH,PO,1 g,
BilE 20 g Z21R/K1 000 ml; Wk Z AN 3% 57 5L . CAS
60. 50 mg . FeCl, + 6H,0 0.27 ¢ HDTMA 72.90 mg,
BIS 20. 00 g Z£18 7K1 000 ml; Landy 3535 55, % %5
W 20.0 g L-AS &2 5.0 g.MgS0,0.5 g KC1 0.5 g,
KH,PO,1.0 g, Fe, SO, - 6H,0 1.5x 107" g,
MnSO, - H,05.0x107° g, CuSO, - 5H,0 1.6x
107 ¢ Z&1% /K1 000 ml,

R A g 2 2R 24 Sy [ 4 B A, Agilent
1290 Infinity ¥ AH 415 A (2 FERBHE A RA W 4=
77, S E PR —Z M B T PF R A S A QTRAP
6500 ( & FE N Y RGEA AT ) | m TR O
ML AvantiTM-J251( 2 [ Beckman /L\\ﬁjif'z) o
1.2 REH=E
1.2.1 FRATHA R ARG FRERNT K
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23 MR ZEMOFT R B AR R 2 g T 20 B 1 BT 0 i) 4
T 5 ml LB B36 ,28 °C 150 r/min$E 5% 24 h,
FHICTRDK G B R % i 10° CFU/ml&

SR FFINHIRE A 4 314 0 2 4% 2 T BT e 3
G I B I HIME . 4 b A 4> BI7E PDA
RigRdk 28 CHiFR3~5 d, T HEH %L 6 mm KK
FIALEGAT R DF . MR R B R WS T2 H 9
cm PDA A I (BB A2 3 em) , Al o — 1
EPR R A 5 Wl ZEMUFT R R, 28 CIEIRKE R, ik
THAKRHIR A B A 3 Wk, FExd IR B VR K
TGP o FH 200 RO % A B PR 22 A K AR, Hoh
ARG SN 22 A% TR AL AR IELE TR SR T A%
JRTE K 9 em PDA MU 75 210 85 3215 (8] 23 551 4
5d.2d.6dF7d, HEHTE(mm)= 90555 E 5
WK ER,

SR Liu 2550 [ 07 35 T 22 45 26 M A1 e et

B0 S 4 T B RIAVE . IR 23 R ZF AT TR
W5 wl JAETE LB Py, 28 CHiFE 24 h [ 2
T pE 0 [ A4 B ) A0 B DA VR B (H] 185 25 1 m1,28 C i
WERESR , P20 B RO 57l 10 o el 7 A, 1T
TR R B 3 UK
1.2.2 N AR PSS o ki FEER I
JUT BT 21 2 2% 1l R0 Bk 3 A T S A rh s 4331 o
5 wl 23 BREEMOAT B, 28 CH53R2~7 d, WLgE
G LT BUE 25 4 2R BRI A A T B R
A WERR Z RN T A T ot B A R A B
B3,
1.2.3 JBEAREALS Moo BR A AER  FHAT
FR RS A R BOR FIRR VLTS L, B e 45
BRI ALIE 20 B4R T 50 ml B9 Landy 153830,
28 °C . 150 r/min &5 3% 48 h 5 ¥ LB T 4 °C .
10 000 r/min#.0> 15 min, FiH 1 H 6 mol/L HCl
P& pH {H2 2. 0,4 C FYLFE 12 h,10 000 r/min 0>
20 min, 3¢ LI I, WAEDLIE D), K5 B A UL IE )
JA 2 ml HEE (53046 ) J5 1 mol/L NaOH 1 15
pH % 7.0, 3845% 23 ¥k 2 M T 127 Bg IR 2516 & 9 ) FL
W) A -20 C UK

SR Xt A= e 3 0 52 iR A 2 R 4 %o AR At
Bl T RN ST A 22 A% B 2 B R EL TR AR VR . g
2 Fius S EL T 4> B 7E PDA H5355E | 28 CH5553~5
d, R VE %L 6 mm KIEFTFLEFT A DE, BT
25 PDA AR H g | BRI 8] 2 4R A R

$20 pl HEE 20 pl BVH MR 11,20 pl R AR HH4EY)
FI50 wl AR IRRAE Y 4 A Ab38 E 5 3 Ik, 28 C
TR IR2~3 d J5 I A A B A 22 4 K AR, IR
i SRR 1.2,
1.2.4 JERRENSMRAEEH R FE>
NERRRAL A P AL E2 9 R FH AR R A-SUJE-4- 2 R
R, 0. 1% = L8, CHEFK (RT3« 1) %)
FREL 00015 J5 , il 2 T S % ELEE RS . R R ik
FH O BRI T RE 1Y QTRAP 6500 ( LC-MS) il 5E 1k 4
Y s 55 B R 32 V OB
JE 20 kV B4 IRE 320 ¢, il EE T,
FE I8 BB 0T 15 B R A bR RN B A L
(m/z) % F BT AR IR & W ok U, B8 7 1)
A LR A IR RS AL A ) ST i, B K Da, ShARAR
NE T IR SR Cps, BT &1 b 45 B Ui
() 5T AR RT3 B2 T o o0 45 48, 28 MOAT T 32 4
RIKISA A W RRAIE B 70 K XTI 1) B (B S 7%
HESE L (0 AR B IR A ) B R I D 1
S,
1.3 RS
K Excel 2010 F1 DPS 7.05 #4748 343

#r , >R H Duncan’ s # & #2274 7E P<0.05 /K47
255 W RIS

2 R 550

2.1 ZFREAF I X i SR A T AN B B4 ) 4

23 BRZFMOAT BN 5 4 TR R L T R B
AFFAMGIER (R 1UE 1), 2R 2R 5# N1-9
RIS IO 25 AT BT N 152 X D 4 T ——— DOk S E R AR
TR R R LA S IR TR R
PR ARG Y 4 i i 1 G B S R AR
ELRZFMAT B G329 X R SC I B R 8 B i 1 TG B
IHIER . 3 Bk JH 27 BT I8 ( F4-2 \N74-1 Fl BF1-
3) Xof g Jit A0 P —— DR SC IR T | B PR | SR A ol )
STty 22 A% R S P 50X G 78 5 9L TR R
SV A0 T LT B A A T G R 2E AT A
PTS-394 F1 JND fi# V€4 2 BT 14 F5-1 Al FZB42 . £
K2R HUFF T N3-4 Fil ZF8-1 S /N2EMUAT B ZR3-2 il
ZR8-4 ZEYE A MIATF B YL3 3X 9 B 24 M AT 18 X {13
() 4 Pl B PR A I A B VR R X O FeL i 0 T
SEAR L AL | FCTEL A T 9 TR R T S TR A% TR 4 A
JECEC B A0 B A B84 A 33.4~42.0 mm 34.6~
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58.2 mm . 34.6~40. 0 mm F1 30.1~39.2 mm,,ﬂéﬂpg
K ZEMUAT R N3-4 /N ZEAT R ZR3-2 FHZE 4 28
FEBE YL3 $5PLRE T 25 A R Ar , X b ik iy B S 1R
AR B L Bt B AT S A PRI, P P AR
43R 36.5~75.5 mm F133.8~65.9 mm,

TS S o . 23 AR ZF MR B 1 1 B B T B
TR, A EAG RS R —Fh 0 25 B AT B
T e AR AEAR K 22 52, A B 25 MO AT 8 PTS-394
FIND ZEA I RE ) 83 (I #E Bs168 M RE )

®1 FREAEMHFRAENERNNHER

55, ZKG MO A N1-9 FUR s 20 1 A 400 14 ik
J3, %9 D LA TG B g T, 1 R — Bl A N3-4 il
Z¥8-1 XL iy 4 o It B TR A I 2 A RIAE
S /INZEMIAT B ZR3-2 F1 ZR8-4 XiF 4 Fhps i EL B 11 7
YRR 2, 0T 2 vl D 20 TR iV FH 25 S 30K, TR PR
ZR3-2 LEHEIKAY 23 #k 2 M AT 1A v 2 o T 4 T
T BE S L, R ZR8-4 X 2 R 40 JL T %
HIELEH , R —F A B RE N103-1 X} 4 Fg 5 B
Ml aE 425

Table 1 Inhibitions of four Bacillus strains against the tested bacteria and fungi

i TR B BA% (mm) TR E (mm )
" RRSC R C i) RARIITE AR ISR SRR A

Hili B 2 LA T PTS-394 27.5 #1.3b 22.0 #1.2¢ 36.143.4a 58.2 #3.5a 38.7 +2.5a 33.342.4a
JND 26.2 42.1b 18.4+2.1¢ 35.6 +3.9a 35.342.1b 35.142.1a 33.8 42.6a
Bs168 20.1+1.1b 17.5 +2.6¢ 18.8 +1.2¢ 24.3 +1.8hc 12.9 +0.5h 6.8 +1.0c
AR VEN 2 AT TR F5-1 20.5 +0.4h 18.3 43.7¢ 34.7 +1.9a 35.3 42.6b 37.943.5a 34.6 +1.8a
FZB42 21.8 +1.2b 223 +1.1c¢ 35.140.8a 35.742.7b 36.2 +2.8a 35.0 +1.6a

LR AT T N1-9 35.3 +2.0ab 33.5 +1.6b - - - -
N3-4 41.0 +2.1ab 33.8 +1.4b 37.341.3a 41.042.1ab  40.0 43.2a 30.142.3a
7F8-1 20.3 40.5b 18.1 40.8c¢ 39.241.3a 40.2 +2.9ab 39.9 +2.4a 38.0 +3.4a

U I3 2 A T N15-2 55.0 +1.6ab 61.443.1a - - - -
N24-2 40.7 +1.8ab 44.0 43.2b - 27.141.0b 31.9 43.0a 37.342.6a
F1-2 - 24.542.1¢ 29.3 +1.5b 32.7+1.1b - 12.0 +1.2¢
MR 25 N T N26-1 39.7 +2.3ab 39.5+2.9h 34.0 +2.8a - 36.8 +2.1a 32.242.6a
N106-2 26.4 +2.1b 34.1+1.2b 26.7 42.2b 34.1 +2.6b 29.7 +1.5a 26.4 +2.1b
ZR4-5 34.8 +1.7ab 34.1+1.7b 9.6 +1.3¢ 33.0 20.9b 31.742.3a 30.0 £2.9a
R A NF106-1 - 27.3 #2.3¢ 20.1 +1.4b 16.3 £1.2¢ 18.0 +1.1b 14.8 +1.3¢
G329 - - 18.5 +1.6¢ 19.2 +1.4¢ 14.0 20.6b 9.8 +1.0¢
BN AT I N103-1 46.3 +2.6ab 32.7 +2.8b 27.2 42.5b 31.7 £2.5b - 20.6 +1.6b
ZR3-2 75.5 43.5a 65.9 43.6a 33.441.7a 41.243.7ab 34.6 +1.9a 34.8 +2.5a
ZR8-4 - 28.3 +1.0¢ 33.4 +2.4a 35.4 +2.6b 37.542.7a 37.6 +2.5a
I A AT I F4-2 20.1+1.2b 33.142.1b 28.2+1.9b 32.4 +1.8b - 8.640.7¢

N74-1 31.242.7b 34.7 +2.4b 24.6 +1.3b 31.0 £1.0b - -

BF1-3 25.2+1.0b 31.542.3b 15.51.1c¢ 33.3 +1.6b - -
B YL3 36.5 +1.9ab 55.7 43.5a 42.0 #2.7a 34.6 +1.5h 36.442.5a 39.242.3a

[F)—FIA Rl /NE FRER IR 22 5 .3 (P<0.05)
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HE LR PTS-304

JE/INZFNEFF I ZR3-2

ZHZF AR YL3

a: BROCIRTER ;b s BB 5 o RIUHRTT TR d SEA LA ; e R AUBRIELI I 5 1 SR ARSI TR
1 4 BRFEFRERERFEREFNEENIEER

Fig.1 Inhibitions of four Bacillus strains against the tested bacteria and fungi

2.2 EFHFFE R SNEE S i B AE T

1 2 AT, 23 WK 25 AT TR 2 RE 43 0 2R 1,
FE A DU SV A B B g B B EG v R R 2 R TR
Bs168 . Z A ZE MU AT B N1-9 0 5 ZE M AT 18 N15-2 il
HIE 2 AT B BF1-3 31X 4 N5 Bk 2 B8 200 28 1l
REZr W 2 FP A ANEG X W KR 7 A, b
30. 43% ; 53 b 3 PRSI S ILYI RAR A 12 A4, i
52. 17% ; AKX R BE[R] I 70 I 6 (A Bt LT ot
AR BRI R 4 P

PR B R FUA 6 2R AT TR ZR4-5 254
ZEMOFF IR YL3 BB LT TRl , A 35 2 3 b 1 JL
T e — IR FRvE AR (R 2) . A 14 1%
ZERFF R RE I PE R R AR 15 SR 5 1B i
T8 A 15 MR IFF R RE /- I T 4 R T
2.3 FHFFERS AR RINE €A

23 MROLR B RR TP 15 Bk 28 B AT B8 A0 i K2 RL
SRR IA I T RN ST Ak 22 TR TR 22 A A YA

YRR, 4l B 28 AT T Bs168 | 2285 27 M AT 7 N1-9.3
ABE TR ZE M AT N15-2 N24-2 Fll F1-2.3 4> HJH 2
JHIFF B F4-2 N74-1 F1 BF1-3 B Ik 20132 W % 22
FoL55 ) RN ST A 22 % R TCM I E T . 6 > 2 MOAT A
Hikk IND \F5-1 FZB42 G329 . ZR8-4 F1 YL3 14 i ik
FHEE YN (E 2 0 3)

FRUCTE 5 A W5 W 11 A B 55 H s o HE Ak PR
WA EEER (B 2a F1E 2b, B 3a 1A 3b) , A5
25 HL R IR LI 15 T LA 85CHKe i RS Ak & Wl 4k
ER MUY ., ZFMFF B IND | F5-1, FZB42 |
G329 ZR8-4 Fl YL3 Yy JI5 IRZSHLEEY) 20 pl 4b 3N
50 pl A PRI EAT — 8 (BN TE 1, (FL B 5 A 359 et
(ARG T B8 A FH S 25 (18] 2¢ FIE 2d, & 3¢ FiE
3d) . SRR IKIH LY 50 pl kb5 RRIE AR
AH S (R B TR T | XA F0L ik 0 TR A T BT S 26.2 ~
39. 4 mm , X S7Al 22 BT B A R A 8 30.5~ 34. 2
mm( & 2d A& 3d)
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Table 2 Detection of extracellular enzymes produced by 23 Bacillus strains

k73 Bl JUT T Wk YR

B2 AT A PTS-394 + - + -
JND + - + +

Bs168 + - - _

FAVEN AT F5-1 + - + +
FZB42 + - + +

ZHRENIAT T N1-9 - - - _
N3-4 + - . .

ZF8-1 + - - +

0 O 2 AT T N15-2 + - - _
N24-2 + - + +

F1-2 + - + +

765 25 AT N26-1 + - + +
N106-2 + - _ +

ZR4-5 + + - +

B ICGFM AR NF106-1 + - + -
G329 + - + _

FL/NZE AT TR N103-1 + - + +
ZR3-2 + - + +

ZR8-4 + - - +

A ZFHIAT T F4-2 + - + +
N74-1 + - - +

BF1-3 + - - _

FEU AT T YL3 + + + -

+: BRAE S AR SNl - - BRI RRANBE M BT

A AEECENAT I IND ;B MRS AT I F5-1;C . IR 2 AT 1 FZBA2; D . F K ZEMIAT 1 G320 E. 45 /INAE AT 14 ZRS-4; F . Z545 26 AT
P YL3, a: FHEEXSIRG b FISWR ;e RRARSSHIARY) 20 wl; d. IR ARZEHEEEY) 50 pl,
B2 FREAERBREZEERINRAEINEEZERKOINERE

Fig.2 Inhibition of lipopeptide compounds produced by Bacillus strains against F. oxysporum
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A WRLZERFT A IND, B R VERS ZEMATF B F5-1, C S TER AT 14 FZB42, D - FL R ZEMIAT I G329, K. S/ MIFT 14 ZR8-4, F . ZE45 2E AT
W YL3, a: BTG by BIEW e R RSOHIERY 20 wl; d. JRIKISHLEEY 50 pl,
B 3 ZFREATEPS AR AR X LS LA B B 22 AR K B s R

Fig.3 Inhibition of lipopeptide compounds produced by Bacillus strains against Rhizoctonia solani

2.4 FHRTHEBERELESYHRIESH

P XTI 55 71 T R ST A 22 A% TR TR 22 = KA
BRI 15 BRZE AT B B9 B IR HLIR B E 1T 5 &
TRORF (033 HR I TR 1% 20 M7, 4 SR T, 1S RR 2 AT 1A
(NG IR AL B P 25 6 45 2 1 736 1 2R K% PR
REGMZ ERFHE (R 3) ., 15 REFMAFHE R
JRSRE F 4y 4 o e 000 281) 3% 17 396 14 3R 19 8 10, T
HAm/z=1 008.6 Da.1 022.7 Da #i11 036.7 Da, #H
2 14.0 Da, WIS W FREEAN 22 1 7 H % (-CH, ) fY
W2, 76 10 B 28 M AT & A IR 210 5 4 v e i )
D EMNE T, A HE m/z=1449.8 Da,
1 463.9 Da 1 477.9 Da .1 491.9 Da 11 505.9 Da, #H
#14.0 Da, MG FRAEM 22 1 AW H 3£ (-CH,) 1Y
[FIZRY, 7E 9 BEZFMUFT B AR AL & 4 oAl 21 4T
H&EZE D W& T, i HIH m/z=1031.6 Da,
1 045.6 Da 11 059.6 Da, 42 14. 0 Da, Mg HiR4E
FZE 1A I (-CH,) IR R, TE 5 R ZF I
BRI AL A 9 AL I 2] Trarins AR, A HAE
m/z=1043.6 Da,1 057.6 Da.1 071.6 Da FI1 085.6
Da, 5 HXTR IR IR R T RE WA B R F L
WiFR A BUCEPUEMF R R, 78 4 BRI 5 IR
FBALE YRR FF R R L T, A
m/z=1021.5 Da,1035.5 Da fl1049.5 Da, f 2%
14.0 Da, NS FRBEAH 22 1 N F 35 (-CH,) By [H]

H Bk IND  F5-1,FZB42 G329  ZR8-4 il YL3

R ZIORL 48 4 10 B A T B S, HL 7= A 1 i k2R bt
T E—BAEL 000~2 000( & 4) , ik
MIFF R IND S W R IR AL G A 4 Fh, Foh 3k
AT 375 1 2R S T I de o R 29 O 1.05% 10° Cps, 2 7
R TIE R EmE N 7.61x107 Cps, FFH&EH X D
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Fig.4 LC-MS analysis of lipopeptide compounds produced by 6 Bacillus strains
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