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Antagonistic Properties of Lipopeptides and Volatiles
Produced by Bacillus subtilis JA

CHEN Hua ZHENG Zhi-Ming' YU Zeng-Liang

(Key Laboratory of lon Beam Bioengineering, Chinese Academy of Sciences, Hefel 230031)

Abstract: Lipopeptides produced by Bacillus subtilis JA antagonized a broad spectrum of fungal pathogens.
Crude lipopeptides were extracted with methanol from the precipitate which was obtained by adding 6 mol/L
HCI to the cell-free culture broth. The crude extract was run on Diamonsil Cyg column (5 um, 250 mmx4.6 mm)
in reverse phase HPLC system to purify the lipopeptides. Inhibitory ability and 1Cs, values of lipopeptides
towards various microorganisms were determined by agar diffusion method. The results showed lipopeptides
exhibited strong inhibitory activity against some important plant pathogenic fungi, including R. solani and
F. oxysporum. The ability of B. subtilis JA to antagonize against the growth of the post-harvest patho-
gen—B. cinerea was tested in vitro. Spore germination of B. cinerea was strongly inhibited in the presence of
JA cell suspension. Furthermore, B. subtilis JA can produce antifungal volatiles which strongly inhibited the
spore germination and mycelial growth of B. cinerea. As a biocontrol agent, the synergic effect of lipopep-
tides and volatiles may play amajor role in controlling the pathogens by B. subtilis JA.

Keywords: Bacillus subtilis, Lipopeptides, Antifungal Volatiles
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W, AR T A B K B A R R A
g b e D T AR R A E B R I 2, TR R 2
fLAF B (Bacillus subtilis)fe: + 4 i — 28 F 2 A i 4=
Yy, K SCHRAGE B. subtilis 76 B 1A A AR &R I3
AEFBFNRL T8 3 h 4 W o AR G 1 B Ik
FPiE R 2 B. subtilis & U EEM Y T, F2
SAKIELL, BI: iturin, surfactin A1 fengycin™2,
[turin B 7 1~ o- 2 FE R (A 1-A ) FI— SRR 1) B- 2 3 flg
iR (BAA)IE IR 4544, Surfactin & —F R 2 A=
Y RIE PR, B —A IR — A B- S AR W R B
WERAREEH; Fengycin H1 10 N2 LR Fl— N B-F4 5k
NE MR AL A, FLrf 3-Tyr Fi 10-11e 38 2 P4 I 582 B3R
ARGERU L RSB LE P04 D B 2 JE o) 4
JHL RS 235 ) R P P ), 36 e A 4 R 3 4
o S A A K5O

R R RRZE B A= R AE A W BTG v 0 0L A A7
T R FRYE, 2508 AN Ra e &, 2B
HHEFREEE . MEAL S . A E RN A PIBIR )
KIRIT a0, [ AMIFE K B — SO W B LR R
KN TN YI, A0 Fernando 1218 40 7 7= A= 1)
R NYEY) B AE BT iR Sclerotinia sclerotiorum H H A5 1
TE 1 0 A (51, Ezra %38 HE 4 9 42 B Muscodor
albus g8 )" A B T i bu diAE A A4 R v/ oy 1
bAoA A0 B A B 2 VAT R TR Y
G AR DS

B. subtilis JA J&AS2EG % 73 15 1 — BRAE W)
AR, A SO IA WA HLE AT T RS, IR JA

7L R RS BT A 2 R4 K 1k TR AT R A

B T IAAE A AR B O T R )
1 #BEHA

11 =k

FEPUA: A 2R (B, subtilis JA) ALK
E AT R MY R KRS0 9% (Rhizoctonia
solani). /]NFZ 7R & 9% (Fusarium graminearum) ., 74K
i 25 9% (Fusarium  oxysporum) . i i Ji& 25 (Pythium
irregulare) 5 Hy %2 B ARl K 2% B K A 4 1
(Botrytis cinerea) g F 1 [& Ak ol i Bl AR 58 o0
(CFCC), iy 4" 6883,
12 BERREIMERBIRMT &
121 $EFE: FhyiiRi(g/L): il 10, K
20, MgS0,-7H,0 1.5, K,HPO, 1.5, pH 7.0, &5
F(g/lL): HAWE 10, HAM 10, BEEEKS 5, NaCl 5,
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K,HPO, 1.5, MgSO,4-7H,0 1.5, pH 7.0,
1.2.2 FHIBMREIE: B JA AT 30 mL
Fh 7R3 5, 30°C . 200 r/min 1537 12 h; H-LL 10%
IFERNEEHERD T 50 mL & s F5 3rh, 309C . 200 r/min
FEIRBEFE 60 ho K & FERCFE 20°C . 10000 xg .0 20 min
FHA, 3BT 6 mol/L HCI i pH % 2.0, & 4°C
KA R R . B O DITE, BT S R R
P KPR R ZE T, I AR IR R, R TR
JE AR
1.3 RIEHPLC HE4k

FHBR BE R 7> & Mg IR P E &R, Akt
Diamonsil, 5 um, 250 mmx4.6 mm Cyg#1:, Fzshitd A
NE 0.1%TFA 2N, B I 0.1%TFA B4k,
K 214 nm; W 1 mL/min, BRHRYIGE T
pH 7.6 1) Tris 2 vk k1, [y 286 i e it 1) 2o 2 S
60 min P A:B 1 30:70~80:20, 7£ A WUk ik 5] 50%
AW BRI -
14 BERREREZREIMNIRIERRNE

H AL 3] 1) i JORCRE (it AL TR 3% 52 38 AR 1 Cso T 22
AT R R AR BT, BRI RS %
SCER
1.5 B.subtilisJA 3F B. cinerea 8931 | 1E A
151 JA EAREZFRMMFHELNEM: Hiks
#3CHR[12], 7E 150 mmx 15 mm ik A 5 mL
PDB 5373, SRJ5 A 100 uL B. cinerea fii T2 1%
78 (5%10° spores/mL), FHIIA 100 uL AS[RI B (1 JA
BB TR W (20 91 A 5x10° cfu/mL . 5x107 cfu/mL .
5x108 cfu/mL), PAMIIA 100 pl JGHE KA/ %t B, 6t
R MR 45°, 25°C. 100 r/min 3535 12 h, Wiss
T LI 6 R
152 HEMMREXMEFIELBIG: £
BEMR G 90 mm 8535 ML(& 4) b kA 745 2 Pk 4 o 1
Sy, JiES % CHK[13]) . fE—BEEIiImA 5 mL
PDA 5537 3% % [ 5 W A 100 pL ¥ Ry 5x10°
spores/mL %) B. cinerea #lF22k; 71— Hon
A 5mL LB B33, %M )54/ 100 pL ¥ &4 10°
cfuimL (1) JA B R (BRI Ze4:F), DAmA 100 uL
TG AKAE hy ot B 5% 35 LA 3t 11 (Parafilm) 343
B DRIE I P A1 2 SR T o 25°C 15 3% 12 h J5 78 S e
ORI L 1 R
153 #EAMYEI B. cinerea E£ 4 HyHNH:
# B. cinerea #FP T PDA JigidLrh 25°CH; 3% 10 d,
FHATILARHEFD 6 mm (BELAR) B B Lk B R ML
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Fig. 1 Purification of lipopeptidesin RP-HPLC

22 FBERREIMERMEIMIEERRNE

PRI TR AR 0 e 25 R 3R B, IR kb &
Xf 22 R B TE A SR LA RIAE AT, JUHXS R, solani 1Y
PR R B B &, [l XT B. cinerea 1 F. oxysporum
WA ARG AR RT, X 20 DR AR B A 1 i
(# 1),

F1 BEREREZRMREERNZ MEREHR 1Cs

Tablel Valuesof |Cs, towards various microorganisms by
lipopeptidesin vitro

Strains 1Cso(g/mL) Strains 1Cso(g/mL)
. F. ox-
B. cinerea 75+0.5 ysporum 50+18
R. solani 1.6+0.7 A. flavus -
F. graminea- 30+ 16 S' cle- 8
rum rotiorum
P.irregulare 500 + 57 C. capsici —
A. niger 50+ 24 P. syringae =
C. fulvum 40+ 12 E. coli -
= Joim e “~": Non-inhibition

2.3 B. subtilisJA %t B. cinerea B3 4% F

231 JAHAMMBFRBAMEmM: & 2 KM, ME
JA U FE (36 K, B. cinerea 41 1 (11 & FE 0 i FRA

oA A B R W JE R 5x10%fuimL |

5x10"cfu/mL F1 5x10° cfu/mL B}, B.cinerea #1-AY
W & 4y Hh 71.5% . 54.4% F 32.7%, T % RS2 1
6L (R Kk 96.6%, 156 B JA I TR 1A AE B 8 9 il
B. cinerea 71 ¥ H #i k& o
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40

Spore germination (%)

1 2 3

B. subtilis(cfu/mL)
2 AREIKEH B. subtilis JA KRS ;ZHE ¥ B. cinerea
- FRE R BRI
Fig. 2 Effect of B. subtilis JA cell suspension on spore ger-
mination of B. cinerea in potato dextrose broth
7¥: Control. 1. 2. 3FRNMAHE JA BRRE D574 0 cfu/mL,
5x10° cfu/mL, 5x107 cfu/mL 1 5x10° cfu/mL.
Note: Control. 1. 2 and 3 represents cell suspension of JA were

0 cfu/mL, 5x10° cfu/mL, 5x10° cfu/mL, and 5x10°® cfu/mL, respec-
tively.

232 HAEAMYRMBFEANEZm: B 3 £,
TEERYEM R VERTR, B. cinerea #1111 & 4V
R A3%, T RESEEG Fh AR & %A 90%, iEHTE
ALY T RENS B A B. cinerea fLT-AYE & .

100
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80

60 I

40
20T
0 1

Control Test

3 JA FHEREZ MR B. cinerea B FEF A RIS
Fig. 3 Effect of volatiles from B. subtilis JA on spore germi-
nation of B. cinerea in divided Petri dish

Spore germination (%)

233 ELXMYENELEKMINE: &K 4 £,

Botrytis cinerea

4 B. subtilis JA FEMIELZ YR B. cinerea &
e 30 EA

Fig. 4 Effect of volatiles from B. subtilis JA on mycelia
growth of B. cinerea in divided Petri dish
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BE B IR I i 22 A KB %, ULBHAE & PEY B B.
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VA0 700 BT, TR AR 3 TR 80 B B 5 bk ™ . T
XA LG AT RS JA T ARG B. cinerea 4f1 1 &
R E R, WG T BT IR A A
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