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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 Ion Beam Bioengineering, Chinese Academy of Sciences, Hefei 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

HCl to the cell-free culture broth. The crude extract was run on Diamonsil C18 column (5 μm, 250 mm×4.6 mm)

in reverse phase HPLC system to purify the lipopeptides. Inhibitory ability and IC50 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 a major role in controlling the pathogens by B. subtilis JA.
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$%�(Bacillus subtilis)�����&��	��

�, '()*+, B. subtilis��-.�/01201

30456�7�89:;<=>?@AB	CD

&
��� B. subtilisAB	E����F, E�G

HIJKLB, M: iturin1surfactin4 fengycin[1~3]<

IturinG 7Iα-NOP(A1-A7)4�IQR	β-NOC

SP(βAA)TBUVWX; Surfactin��YZ[	�

�\]^�_, G�I`D4�Iβ-aOCSPT

BUVWX; FengycinG 10INOP4�Iβ-aO

CSPLB, �� 3-Tyr4 10-Ile�bcdeTBU

VWX[4]<CD&
��
�f;	�g��hi

jkWXQ�	lm, �bnoijk�p���

���	��[5∼6]<

q�CD&	
������-�	:;rs

�tuv�, wx[y1x[z{|}~,  �Y�

-��	WA1����1��������-	

����[7]<������������{���

��������F, w Fernando +,i���	

����F��- Sclerotinia sclerotiorum��9�

�	:;�� [8]; Ezra +,.�c�� Muscodor

albus �{���9��
�f;	������

�A�[9]< �chi���	������F	

�����+,<

B. subtilis JA�� ¡¢�£	�¤.��7

���, �)h JA	��¥��¦§��, ¨© JA

��	CD&
��4����Fª�9��f;,

«¬­Z§ JAf®�����¯�	�°<

1 �����

1.1 ��

±
�: !"#$%�(B. subtilis JA)®� ¡

¢²¦�£; .����: 
³´!�(Rhizoctonia

solani)1�µ¶·�(Fusarium graminearum)1¸¹

!º� (Fusarium oxysporum)1»¼½· (Pythium

irregulare)~G¾¿ÀÁ'ÂÃÄ ; ÅÆÇ$·

(Botrytis cinerea)ÈÉ��ÊÁ�YËÌ�Í

(CFCC), ËÌÎÏ: 6883<

1.2 �����	
��
��

1.2.1 ����Y�ÐÑO(g/L)ÒÓÔ 10, ÕÖ×

20, MgSO4·7H2O 1.5, K2HPO4 1.5, pH 7.0<�ØÐÑ

O(g/L)ÒÆÇ? 10, ÕÖ× 10, ØÙÚ 5, NaCl 5,

K2HPO4 1.5, MgSO4·7H2O 1.5, pH 7.0<

1.2.2 ���	
�: ÛY�U JA �@É 30 mL

Y�ÐÑO�, 30Ü1200 r/minÐÑ 12 h; ÝÞ 10%

	ÛY(ÛYÉ 50 mL�ØÐÑO�, 30Ü1200 r/min

ßàÐÑ 60 h<á�Øâ� 20Ü110000 ×g£Í 20 min

ã�@, äåâ; 6 mol/L HClæ pHç 2.0, � 4Ü

èé�êëbì<£Ííîïð, ñ6ò;óôõ

­<áõ­âö÷ø6, ù;øú
�û, üý6þ

ò��­�<

1.3 �� HPLC ����

;�����£CD&
�� , ���®

Diamonsil, 5 μm, 250 mm×4.6 mm C18�, 	
� A

®� 0.1%TFA 	�
, B ®� 0.1%TFA 	��
;

���� 214 nm; 	� 1 mL/min<á�­�(�É

pH 7.6	 Tris��â)b�, ������	b��

60 min cA:BG 30:70~80:20, �Aâ���� 50%

��íî����<

1.4 �����	������
��

áíî�	CD !"
�� ¡4 IC50�},

i�#;$%&'()*[10]; +�#;	�*,-

)*[11]<

1.5 B. subtilis JA � B. cinerea 
����

1.5.1 JA �
��������	��: �*,

-)*[12], � 150 mm.15 mm $%�/0 5 mL

PDBÐÑO, 1ò/0 100 μL B. cinerea$�23

â(5×106 spores/mL), Ý/0 100 μLz4��	 JA

�@23â(�5® 5×106 cfu/mL15×107 cfu/mL1

5×108 cfu/mL)6Þ/0 100 μL7�
f®h8<á

$%9: 45�625Ü1100 r/minÐÑ 12 h, ;�<

=>�$�	?�@<

1.5.2 ����������	�
: ��AB9

CD	 90 mm ÐÑE(F 4)��¦����F��

 ¡ , �*,-)*[13]<��CA�/0 5 mL

PDA ÐÑO ,GHòIJ 100 μL ��® 5×105

spores/mL	 B. cinerea$�23â; K�CA�/

0 5 mL LBÐÑO, GHòIJ 100 μL��® 108

cfu/mL 	 JA �2â(LMNÛY), Þ/0 100 μL

7�
f®h8<ÐÑE�;OPk(Parafilm)OQ6

CREc�ST		�<25ÜÐÑ 12 hò�;�<

=>�$�	?�@<

1.5.3 ������ B. cinerea ����	�
:
á B. cinerea ÛYÉ PDAÐÑO� 25ÜÐÑ 10 d,

;UVWÛY 6 mm (XY)�ZÉä[ÐÑE	
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2.1 �������	


á�­�b]� HPLC, ������, �Ë^

_A® 20 min~45 min�Aíî����(F 1), üý

6þò��	Ö�Ú`M®CD&
��	�!<

� 1 ������	
� HPLC �
��

Fig. 1 Purification of lipopeptides in RP-HPLC

2.2 ���������
�����

@�
�f;	�}Wa\©, CD&
��

h\V+�9bc	��f;, d�h R. solani 	

��[ae©;, 4_h B. cinerea4 F. oxysporum

r9fg	��f;6 hi�O�h9��f;

(\ 1)<

� 1 ������
����������
 IC50

Table 1 Values of IC50 towards various microorganisms by
lipopeptides in vitro

Strains IC50(µg/mL) Strains IC50(µg/mL)

B. cinerea 7.5 ± 0.5
F. ox-

ysporum
5.0 ± 1.8

R. solani 1.6 ± 0.7 A. flavus − 
F. graminea-

rum
30 ± 16

S. cle-
rotiorum −

P. irregulare 500 ± 57 C. capsici −

A. niger 50 ± 24 P. syringae −

C. fulvum 40 ± 12 E. coli −

“−”: ����� “−”: Non-inhibition

2.3 B. subtilis JA � B. cinerea �����

2.3.1 JA �������	
�: � 2 ��, ��

JA��	
�, B. cinerea�
	��������

� � � 	 JA � � � � � � 5×106cfu/mL�

5×107cfu/mL � 5×108 cfu/mL �, B.cinerea �
	

���� � 71.5!�54.4!� 32.7%, "#$%&

�
	���� 96.6%, '� JA(�)*��+,

B. cinerea�
	���

� 2 ����� B. subtilis JA �	
��
 B. cinerea

�������

Fig. 2 Effect of B. subtilis JA cell suspension on spore ger-
mination of B. cinerea in potato dextrose broth
�: Control�1�2�3 ����� JA 	
��
�� 0 cfu/mL,

5×106 cfu/mL, 5×107 cfu/mL � 5×108 cfu/mL.

Note: Control�1�2 and 3 represents cell suspension of JA were
0 cfu/mL, 5×106 cfu/mL, 5×107 cfu/mL, and 5×108 cfu/mL, respec-
tively.

2.3.2 �������	
���
: � 3 ��,

-.�/01	234, B. cinerea�
	���5

� 43%, "#$%&6�
	���� 90%, '�.

�/01*7��+, B. cinerea�
	���

� 3 JA ��������
 B. cinerea �������

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

2.3.3 �������������: � 4 ��,

� 4 B. subtilis JA ��������
 B. cinerea �

������

Fig. 4 Effect of volatiles from B. subtilis JA on mycelial
growth of B. cinerea in divided Petri dish
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'()%*+,-./01234 HPLC�56

7 B. subtilis JA�89��:;<=�>?@ABC

=�DEFG�, JA H��:;<=�>�
IJ

��KL�"#$%, ��M�����"#$%&

NO(P[14]QR, :;<ST fengycin2 iturin�


IJ�� !�"#$%, � surfactin�UVM�W

�X=$%&YZ[E JAH��:;<=�>\]

^ fengycin 2 iturin, � surfactin �_`4�ab&

IC50cdG�, :;<=�>�efg�hi��K

L�"#jk, �l� B. cineream�K �"#$

%&B. cinerea nopqkrs�t]hi�[12], u

v:;<=�>wxyZ%zg�h{���|},

~yZ|}kc�������rs&

B. subtilis JA���92 B. cinerea����9

����cdG�, JA����"# B. cinerea��

���, �v��������E�:;&���

����� JA ����� B. cinerea ���G�,

7����, ����� ��¡¢�£t&[E

¤f¡¢y�n JA¥��"# B. cinerea����

�t]iuC�v¡¢~¦§¨©ª�«¬&

NO Fernando­QR, M�H�����"��

��®¯<-/<-°<2±²�[8]; Kai­QRw³

f<�M��H� 1´30 f���²µ�, �l e

¶²µ�n·��[13]&U¸EF���²µ��56

n¹�º%(GC/MS)6, »�Ke²µ�¼zw��

z½¾¶O¿��KÀÁEF[13]&NO?ÂÃÄcd,

Å� B. subtilis JA H���������"# B.

cinerea�����2�
���C~¦§UÆ�«¬

ZÇF���"����È?nÉ_�Ê�²µ�&
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