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BRI 27 251 B3 00 48 A > TR 200 5K 2 B 0 )
7 ¥ 342 A2 R SR IS 9 32 52 B AIE ST ) S vE . TR
¥ (Dioscorea zingiberensis C. H. Wright) 5245 ¥4,
JCP A I BT R Sk Y B B AT 9
W) — Mo K i B 22 AP o Bk A B8 R
FEPUREPE M B bR SWBL6, I TF J& T 1% B B 1) 2 2 <1k
APyl s U g BL B A B U R RO IR IR A
B 1 B R DR 0 45 35RO 19 9 K A 1 A 1
T FIER R 2 — 5T RER I AT .

1 BRI 57k

L1 ##

L1.1 & #: & bk SWBI6 J& A8 9 Ji i 5 i
(Dioscorea zingiberensis C. H. Wright) 17y 2515 5,
L5 F Al B 56 R B SWAL, SW82 . b #E Ak B 2 48 AT
(Bacillus subtilis ATCC 6633) 4§ Fi v 5 K @ SCQ1
(Serratia marcescens) Y1547 T V8 B K 52 K & s B A4
BN N TG 2 W0 955 3R BB T PR G Xl 009
A GXtr1010 52 75 P71 40 B e X 2 Jm A 2 6 20
53, Bk 8 A4 18 & Pk SCsk1006, YNsk1106 Al
GXsk1011 73 8 H A /] 1 X B SR B G R0 1 & 445 5
R 110 T R bR 20 % A T AR S

1.1.2 3E5F & :PDA K 7R 3L LB 5597 5L SDAY %
G IRk

L1.3 EHY ZRAHUET RN S50%) 1L
WA R A AT R\ AR AR I 4 1:200
35 F B » FAE B0 T 5 245 49 B 42 o0

1.2 BEHREE

1.2.1 HEAHERESRE: 2% 0wk 03]
0 SWBL6 B Bk HE AT 1 2 WL ¢ A1 A= BIEAS {1 525G
1.2.2 SWBI6 Btk FEE: & 5870 r k7 1
16S rRNA J¥ 41|, i — 20 i £ vy 42 5 M 2 1 02 e il
gyrA LR AU AT o BT M R G R B W . $R IR
LD 5 AR 4l SCHR AR B 19 168 TRNA J5 41 Fl gyrA
SR 93190 )7 50 A s Y g AT PCR 4
8,51 F A 1 FtoR. PCR O B 4% 94°C
5 min;94°C 40 s,55°C 40 s,72°C 60 s,30 /Mg 3F,
72°C 10 min. —# PCR 7 # 1l GenScript 2 w] (B
30 W 7 51 26 BLAST LGt 40 #, 2o rh gyrd SE A
JP A MEGA A1 (5. 1) HEAT R 40K & W4 32 1
T EF AT B JE A ST

% 1. 16S rRNA 5 gyrA R 3|95 5%
Table 1. Primers list of 16S rRNA and gyrd gene.

primer sequence (5°—37)

16S rRNAF GAGTTTGATCCTGGCTCAG

16S rRNA-R CGGTTACCTTGTTACGACTT
p-gyrA-+ CAGTCAGGAAATGCGTACGTCCTT

p-gyrA—r CAAGGTAATGCTCCAGGCATTGCT

1.3 SWBI16 & #k 89 #l & it 36 & 0 & B 89 £
JHUE 4% R ik g AT 4 R W e, ¥ A
SWBI16 4% (@-6 mm) Wi fE VR A A 5 Ff Bk £ 11 B
[~ B 5% R 5k B EAT RS HTIR 50, T A 4 B 40 B B Ak
SW41.SW82. b5 #E Al % 2 £t T 1 (Bacillus subilis
ATCC 6633). ¥ i ¥ & K SCQ1 ( Serratia
marcescens) % 5 F5 P AE A 46, 28°C £ 7% 72h J5 I
AN E AR, B R A 3 4L, 4 G v 0 e R
VI TEAR I LUK T I ddH, O i 9 v B, 2 R
5 BH A X B
1.4 EHRABAEPERESYRNRENSHEFN
B4 44 )
1.4.1 BERKEFYIEIR BN 575 LB [H 4 85 F2 0k |
ALY SWB16 B # 76 /N IR K I8 G o DL B 30°C,
#3150 r/min [ 45 FF T R EE RS F% 72 b AR 45 SOk
F3E 2 AR 1R (¥ i K 0 A 20 BB B A 1 A
I 4 P B = vh IR IR Bt A2 28 19 5 v 1R AT 3% 1
Wy e . WURE R 72 h 1) R BRI AR K A = A TR
B0 AL 9100 x g B0 20 min, WA FE W DN
7 mol /L HCI Y&, 5 pH =2,4°C i &P e 5 If ik
179100 x g 5.0 20 min, 25 b5 W, 0 & & Bl vE b
NN 50 mL pH 24 7 [ FHEE, & Bk H 0T E IR A
K51, ZH8 ho SR 5 ¥ 27 AU 50 mL 250
F,4C,10500 x g .0 10 min, 8 EE W PLIRFE
JIER PG & 9F RS W 2 5 e i 28 ALK
H I I WA R A 5 45 B 4 W 20 mL, B 3L
0.2 pm B FL 38 ML (f i £ 05 I5) i 98, BP 3R 13 2 A
T I 7 A T PR R R DR AT A T
1.4.2 RERREAIING 6 F A & BRI - 7] /N L
WA EEAFLE N 1.5 mL [ 44 B 0GB 77 2, 48 A
WL BR AT F o 0 0] FH RS VAR BOE & 55 14 R
J&E 9 10° A /mL ) FLRRER T (A IR 9 7 B
£ 1) R 42 WO 5 38 50 9 43 L 100 WL AN [R] VR
WK B O HE 25 L I S FLIR & —FL A, ¥R
AT 5] o 6 HEFL A G B e AR 3 1 7 40 e R



780

Jingjie Wang et al. /Acta Microbiologica Sinica (2014) 54 (7)

PR Al B A ) AL F 4. 28°C Ky 9R i L £
B W AR DL A A B R CE 3
MNEH.
1.4.3 RERREIING BE 22 £ AR 40 i L
100 WL f179K E h 10° AN /mL () o B0 ER £ 1 18 B
- B I B HE % 4 55 78 JE ) S FLAR A » ¥R
5. 28°C H: IR ik 10, H 81 & 6 ok B W0 4% 1 i
RAGB B £~ K 23 #R W & J5» I 100 wL 3 4
7 R A B N SR R A I AT . ) AL
AN TG L. 28°C 55 77 1k 10, F 51 & b A 5 WL 6% 1
2 KA. AN RE 3 ANEE
1.5 % FEGHR ALY 6940 ) K 4B 56 400 & 0 14K i
MERWTE

FIH HPLC % 4 (Agilent 1100 HPLC) 1 MS %
4t (Agilent 1956B MSD) %} SWB16 1# ¥k % 1% 0 F 42
T VR R AT R S0 AR £ 1 T 6 R e B R
SE VRS DU 10 58 $2 ) 1 2 22 o N

SenB B PRIt 2 55 25 Kl 1 % (fengycin) & BT
WAL, A KSR K A R B % Ciurin) 2 Fif
BRI I DA A AE T 0] 50 BT (1) 2F AT B DNA JE [
2 v, RS 0 A 5 DR DAIE Si2 SWB16 1 B & 75 47 75 It 2
R B IR 16 fenB FEDRI AN dtwA JED] o 51 2 2% SCiHk
(7] 3 B fenB JE AT iwd JE 10 519, I 5 %
1.2.2 1 N AR 3R B N 4% AF E AT PCR 419 7= )
3% 4 GenScript 23 7 (Fg 5) W -

0.01

100

100

2 SR HI

2.1 EMEE
2.1.1 WASTMEL:SWBI6 Wkk{E LB 35973 [ 5% 5%
48 h 5, Beh B L AR B 30 G AN R B R
T 52 5 0 R 5~ E) 0 ARIR 5 o 2 I G (B B S
MR AT AR S 5 S AR 5 4 T N AR A
2.1.2 AEEBALHRAE: E K SWB16 1 A2 K JE v
[ A& 10 - 50°C , Bl il B 32°C 5 i 32 NaCl ¥ J& 5t i
AT LLIA B 9% ; i pH SEEG A3 Y, PR SWBI16 K
pH Y F 24 6.0 — 9.0 J&& 4 5 5 &5 R R W, & #E
SWB16 wJ DA FH 22 27 8« 1 5 W« % 7% Bl < R 8% A0 i
BEWE SRR A fie F) H SR -
2.1.3 16S rRNA X gyrA EEREREESH:PCR ¥~
WAL Kk SWB16 [1) 16S rRNA Kt [A, 15 31| 1455bp J+ 41
(GenBank % 3% 5 : JX861885) , BLAST 45 3% B 1 #k
SWBL6 ] 16S rRNA J¥ 41| 55 kil &5 2 ) 4T B (Bacillus
subtilis) JRVE NS 2F AT B (Bacillus amyloliquefaciens)
Hb A< ZF £ #F B (Bacillus licheniformis) < UL M Bacillus
velezensis K1 25 ZF t #T B8 (Paenibacillus Ash, Priest &
Collin) 7 99% (FIAHAATE, 16S rRNA KK )3 51 43 47 W] LA
132 % B 8 T 2 AT B (Bacillus) > F 3 DL ) ok 4
BRIy 21 EAT T R 1 F4 X5

I Wbk SWB16 19 gyrA JE A, 13 2 1< 1003 bp
)% %) (GenBank % 5% 5 : JX861880) , BLAST J¥ %

g0 — Strain SWB16 (JX861880)
71[[ Bacillus amyloliquefaciens NAU B85 (FN662842)

Bacillus amyloliquefaciens Y2 (CP003332)

Bacillus amyloliquefaciens FZBA2 (CP000560)

Bacillus amyloliquefaciens 1.1.3 (CP002634)
4100{ Bacillus amyloliquefaciens XH7 (CP002927)
Bacillus amyloliquefaciens TA208 (CP002627)

100 | Bacillus tequilensis NRRL B-41771 (EU138625)
| Bacillus tequilensis B-41771 (GQ488743)
Bacillus vallismortis B-14893 (EF026740)
Bacillus vallismortis B-51230 (GQ488708)
85 E
100

Bacillus subtilis B068150 (HQ589343)
Bacillus subtilis DJ-2 (DQO01131)

| Bacillus licheniformis KCTC 1918T (AF272017)

100 | Bacillus licheniformis 3EC5C7 (EF026690)

1. E# SWB16 £ T gyrA BRWEMNAFLEN
Figure 1. Phylogenetic analysis of the strain SWB16 based on gene gyrA nucleotide sequences. Strain SWB16 (JX861880) of
phylogenetic tree indicated gene gyrA nucleotide sequence obtained from the strain SWB16 in this study. Bootstrap values ( >50% )

represent nucleotide substation rate, and the scale bar represents 1% estimated sequence divergence.
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PO B2 28 G0 5 B B 00 BT 3 WD A2 R B S A T K 2 ST
(Bacillus amyloliquefaciens) 35 % 5 & i1, 5 H A
2 FRAF R 2R 2R AN A A 43 3 (B 1) s

AR 12 AT 1R TE 2 AR B AR AU RFAE  16S rRNA )72 51
M gyrA FEPRI 3 BT 45 3 BIRR SWB16 3558 b filf e ¥y
ZEHAF B 18 K A Bacillus amyloliquefaciens SWB16.
2.2 HE#¥k SWBI16 Mk B EE M EFE

WPk SWB16 xf 5 #k Bk A1 (3 48 1 25 A 4000 4E 1

2. E¥ SWB16 R E MK EHN S Ik BEBE M FERIKE
Figure 2. The antagonism test of strain SWB16 and other testing strains against five Beauveria bassiana strains. Five target Beauveria bassiana
strains, A, B, C, D and E, represent the Beauveria bassiana strains GXirl010, GXtr1009, SCsk1006, GXsk1011 and YNsk1106, respectively;
control and tested bacterial strains, 1, 2, 3, 4, 5, 6 and 7, represent sterile ddH, O control, strain SWB16, strain Bacillus subtilis ATCC 6633,

i BE 200 £i5 (1) 2 B R BN ER A AR A — 2 1
HHE ] H 2 55 1 53 Ah 4 R 401 B Rk SW4T
SW82. #r #E i 5 25 f AT W (Bacillus subtilis ATCC
6633) iV E KB SCQI (Serratia marcescens) 34
AN LA R A A AR R R (R 2) 00 PR b
FR 0 &5 3 G s SWBL6 T8 RO 5 R AN (7] 1 X 73 5
R IR A 1 AR PR S A AT AR A S R R
THEERTHRBEMAELYZHA (E3) .

C

strain Serratia marcescens, strain SW41, strain SW82 and Carbendazim control, respectively.

301
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N3 g NS
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o
C’b
treated method

[ 3. E#k SWBI6 Kk % E R 5 #hekil QBRI E S
Figure 3. Inhibition activity of strain SWB16 and Carbendazim to five
Beauveria bassiana strains.

2.3 EHMAERIERYNEFRE LRI E R
PR SWB16 [ IR KSR H 0% Fo bR Bk £l 1l
R AEIE T dn Bl 4-A DLIR A 1 4 R GXirl009,
GXtrl010 FI YNsk1106 it 5 B bk 7 715 » 52 H 4 Ak B
FL N AT AT B 95 A o R BR SWBL6 1) 3 1 K $2 9 Ak
FRBR AR B A B AR 20 A T I R SR o AT R
J AR A B S IR A B IR S 4K 2 By A A
TR, HIBLAN WA IS, 35 R 25 A (40 i T
2 (I 4-B) 5[] it 00 52 21 3L 43 A6 £ 77 2R T
BIFR 2 KIS, Forh /D B0 o A BT R AUBE R
B 5 2 AR RE LA M T A (0 2R R 2R T 42
U FURT AL o Al 7 R AT AR, £ 18 h



782

Jingjie Wang et al. /Acta Microbiologica Sinica (2014) 54 (7)

W B8 58 0T s BEAT IEH I ZEAC (18T 4-C) 4 BBk
SWB16 [ 1 HL 32 4 1 FI - 2R 980 11 48 01 190 187 22
BT WS B A — L8y A A7 R 7 AR R

HI P 76 A o B K LB 5 L7 (1 T 22 AR 3 PE LS
Py Ab BT B 22 b2 A0 BB IR e T (1 4-D) 3 B
B 22 [0 A 52 2 W S ] o

[ 4. Eik SWB16 FiHHEM X TkE B EE M FER

Figure 4. The inhibition of strain SWB16 lipopeptide extracts against the condia and hypae of Beauveria bassiana strains. A represents the

antagonism of SWBI16 lipopeptide extracts against three Beauveria bassiana strains; B and C, represent the condia of Beauveria bassiana strain

GXitrl010 treated with SWBI16 lipopeptide extracts and methanol control, respectively; D represents the mycelium of the Beauveria bassiana strain

YNsk1106 treated with SWB16 lipopeptide extracts; 1, 2, 3 represent Beauwveria bassiana strains GXtr1009, GXtrl010 and YNsk1106 treated with

SWB16 strain lipopeptide extracts, and 4, 5, 6 represent sterile methanol control. The figures B, C and D are micrographs (400 x) .

2.4 MEEMEY AR

He T PR SWBL6 A 1% W 14 R £ 490 kAT e 280 A
3 R I A I, 22 HPLC 4347, 193] 7 3 413
S e, T A5 R € AT 2 4L g s T
PRGBS R MOF MR R RN AR, A& TR
122 14Da (CH,) RO R, B S JT s b IR Ik
FHL 5 0 1) v 000 At i B, B 2 AR 23 o0 Tk
1042.6, 1056.6, 1070.7, 1084.7, 1449.8,
1463.9, 1477.9, 1491.9, 1505. 9, 45 5 Rk Bt
2 Cl4-Cl7Tturin A, C15-C18Fengycin A,

Cl17Fengycin B 4y 7 & ) ¥ & 7 | {5 1042. 54,
1056.55, 1070.57, 1084.61, 1448.77, 1462.79,
1476.8, 1490.82, 1504.84 #HWy&. Y5 — /7T, M
WPk SWB16 JE Al 41 vh 73 55 9 19 15 £ 1 1306bp A1
1047bp )& S F B 3R B, DA ST 3% A 9 5E K]

fenB Al itud, CPEAZ NCBI HHs ), 5% 5 70 5l 4 :

KF765803, KF765804 . 7= 4 M 55 ¥E IE (K] v B A4
W 25 50 B AR SWBL6 T 43 Wh 25 A 15 1 2% 0 A1 A
TR B, AE NP ER A R R A IR E R R Ok E T B
1EH -
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1 ¥
1750 4 5 &
] [7s]
1500 4 -
] 5 g £
] EEER
-, 1250 o ¥
< ] . b
E ] = 8
3 1000: E % g = _
L. : : 8 || g
£ 7507 0 g 5 ]
Z ] = _ & .
% 500 > 8 | Sls N3
] - - --. b e |3 [|38y g & EEE%%.F Io8 g K
x0 BR RI3ohpEa|me )| BEES IS s s/ |\f s9eg 8225 8833
1 88 8 A BIRIEJERS R f AR BR 3R gren
0 =R 04 A N N i/1.1 A N
20 3I0 4b SIO 6I0
t/min
5. E¥ SWBI16 jF 4R S Y REEIEE
Figure 5. The figures of liquid chromatography for strain SWB16 lipopeptide extracts.
HURY R A AV A N T B o 3R A AR R A K
oA S s NUSN RN v 7=t
3 ik USIEP BORiE RSE oA SEYN

FIRAT W JE Bacillus [1) 7y RAL B &% B2 4k
TR AT R A T JE R R 5 S AR A R B R AL
FPEAN 16S rRNA F7 41 53 47 fH AN H AR 73 K S2 i
AR AE T X J3 25 R AT T8 (1 30 G Aol n A 55 2F 6 FF 1R
Bacillus it vE By ZF M A Bacillus
amyloliquefaciens U\&ﬂﬁkﬁ{%f@.ﬂ%—f[m , 1T 4F Sk,
e A% e M ) E 1 g ) B DR S M T AT A N R S
Frets — A A o & B TH e g B Bt alpha
(gyrd) "Ll & RNA B M % & W beta W 3
(rpoB) ™ Rl R AL W) W AL W (sodA) P 25, AT
K H 16SrRNA 741 43 #ft AN fig X SWB16 B £ 11 s 45
5T (N I e g @yrA 5 DXy 410 23 W7 0 AR S0 3 2 b
HEHAT T A7 30X 2y, SWB16 T #k %5 3 Ay it U b 2 0 AF
Bacillus amyloliquefaciens SWB16, &AW 5% 53 4b
FE Y1 ASB 1 2> 1 AR JUAR I S Wl L N yisP Y
A 73 M A3 2 T AR K 73 S 45 R, [T SWB16 14 #k [+
BB % € A € B 2F AT Bacillus
amyloliquefaciens Lo BRI R E L E T 0
15 TR AR R R R ik DR I T 20 T 1) R A o

W8 3 W] A e i 2 A AT IR SWB16 TR R X S Bk
TR A B 2 B A B 0 A RS A T A0 B ) A
R RR T R FE S UAE T B0 A ™ W Wl e 47 2 Fh ) o
AW FTRS AR Wk S AR 7 400 1) AGL I A 735 27 ) 0] K A0
P B B 10 7 R 2 B 22 A K L AT s A A
T 10 BT 2ACER 78 20 Y 7S A% B AR N B VA R AR R R

subtilis

W5 97 A S B v B TE R R AT B R T
DL BELUT 1 7% K 43 A 7 B 5 R 9 2 W Bk A 1
R 1) 43 76 7 A B2l i R R i i R
e R AR B AR AT G () i R A LA 9
B 96 1E L B0 20T 25 40 00 1 A P 2 1 2 U A7 A
A7 FH R FEE R R 4B e o B el 2 4 T ) R T R B
SWB16 2 %A1 2 YA 3o TiF 52 06 45 22 4 o B AT 7o vk B
A0 FE 0] 4t AS 26 B 4 95 D¢

R K 2 KT B SWB16 1 Kk 0 R84 2 5 2k
VA €0 % 5% 4% 5 PR U % fenB 5 TR ituA J [R] ff)
PG o WYk SWBL6 (X JE K 41 b il fenB JE
DRl J% ituA e PR 2 5 o Tt 45 13 1 0 1 400 R S5 A
W % (fengycin) F1 Ak 5 5 2 (iturin) 2§ SWB16
PG I R B 40 £ 3 R 4 o BR A0 1 18 1 4 R A
T RN 22 K A S R R T A
A R A5 B A A s T L O
SER) S A T 5 R R 2 AR T S K A T
it 7B 70 TR P M T AT % T 2 F B R R 40
b SRR MR A 324 T AR R
R B 200 IR R PP o) E B 08
ARUGIRN S AL AE I HUH G 5 T2t — 09T

BO R T W R B AT BR A A BOR N By
SCAA e A v 28 £ B I 1 I A I 5 R g T
FE AL ) -
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Antagonism against Beauveria bassiana by lipopeptide
metabolites produced by entophyte Bacillus amyloliquefaciens
strain SWB16
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Jingjie Wang , Dongyang Zhao , Yonggui Liu , Xiang Ao , Rui Fan , Zhengqiao
Duan', Yanping Liu', Qiangian Chen', Zhixiong Jin*, Yongji Wan'

'Laboratory of Invertebrate Pathology and Applied Microbiology, College of Biotechnology, Southwest University,
Chongqing 400715, China

*Institute of Basic Medical Sciences, Hubei University of Medicine, Shiyan 442000, Hubei Province, China

Abstract: [Objective] We screened bacterial strains that have strong antagonism against Beauveria bassiana, an
important pathogen of silkworm industry, and detected the antagonistic activity of lipopeptide metabolites. [Methods] We
identified bacterium SWB16 by morphological observation, physiological and biochemical experiments, 16SrRNA, and
gyrA gene sequence analysis, tested antagonistic activity of strain SWB16 against Beauveria bassiana by measuring the
inhibition zone diameter using filter paper diffusion method (Kirby-Bauer method) , obtained lipopeptide metabolites of the
strain using methanol extraction and observed the antagonism of strain SWB16 lipopeptide extracts against the conidia and
hyphae of Beauveria bassiana, detected main ingredients and genes of lipopeptide metabolites by high-performance liquid
chromatography-mass spectrometry and PCR amplification. [Results] SWBI16 isolated from tissue of plant Dioscorea
zingiberensis C. H. Wright belongs to Bacillus amyloliquefaciens and showed high antagonistic activity to Beauveria
bassiana, and the lipopeptide extracts of isolate SWB16 exhibited significant inhibition to conidial germination and
mycelial growth of Beauveria bassiana. The result of mass spectrometric detection indicated main component of the
lipopeptide metabolites were fengcin and iturin, and genes fenB, ituA involved in the synthesis of them were amplified in
the genome. [Coneclusion] Bacillus amyloliquefaciens strain SWB16 could produce lipopeptide antibiotics with strong
antagonism to the entomopathogenic fungus Beauveria bassiana, and the results suggested that strain SWB16 has potential
application value for controlling white muscardine of economic insects including silkworm.

Keywords: Dioscorea zingiberensis C. H. Wright, Bacillus amyloliquefaciens, antagonism, Beauveria bassiana,
lipopeptide antibiotics
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