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it Ve K 2F AF A B AR S A )z B o
B M ANBTLTRLH A REAEE. RGEEMA
AW =W, 7 A 2 M B R R, P R R
A R Y e R LT R
m AR RS UK 2 BUIK S T B R e
P 6F 5% A USRS 0 B A Ak AN UK T TR T A 1 4
Rk A B9 3R H A U K 2 B AT B K A A0 6 DR B
O A o SO B A R G B o) R
R » 8K 8 2 A e by 2 AT T e . 21 30 A8 40 s
HERIBE T

AR 5T R FH 7K 7 0 B RRR B 1A Uk A 55 5 vk N
M oy B 1 B — R AR VE R R R 4 S TS
G AR AL B AE AN 16S rRNA 3[R 41 [5] 5 1 4y
T % R HEAT 20 5 R RN B, o B %o
T EY A R E R 2 MR B A R HL B S AR
T6 NV T B e T LA .

| O R SN RS

L1 ##
L1.1 HMEBER: 82 DO R e

o R B RS O Ok A B MR E kB A AT
BaX030.

1.1.2 #EXEEk =T (Enterobacteraerogenes) ki
LR M B (Bacillus subtillis) « 4> T8 {0, 35 25 Bk
( Staphylococcus aureus ) ~ [ {4 % ¥ W ( Candida
albicans) ¥ (Saccharomycetes) ~ AT FEV 1T K
e A
KT O W
(Pyriculariaoryzae) A% SE K = AR o BRI i 7% I 9
(Chili pointed cell anthrax) « Ht % & JE I
( Gloeosporium eriobotryae speg) ~ 3% JN 7 % IR W
(Cucumber phytophthora bacteria) ~ i H B JIE

W ( Salmonellatyphimurium ) &

( Pseudomonasaeruginosa ) «

(Phytophthora parasitica) ~ W 3 B #% 75 B (Sclerotinia
sclerotiorum) 7K F& LUM 9 # (Rhizoctonia solani) i)
AN K 2 WA s B 27 2 B = I
1.1.3 3555 1B 15" (PDA 5 32Y,
1.2 EHSE

% Grundmann 22 2 B KE 4> B 5 34T o
1.3 HHEE
1.3.1 FASWER WAk BaX030 4% Fh 3] LB P AT L,
30 CHEFF 48 h, W& LA, JFEM 3| LB 74 5x

FEHarh,30 °C 180 r/min, ;3% 48 h, 78 1 32 1 2
M 2210257 A R AR I 26 Ko AT A4S B Bk 2 i
W AT A IR 8 JF W Al BB A W gR 12 h A
48 h B A, AR YE 10 Uk, I R [ e J5 A A R
BT LS T AR T 2 F 2 D

1.3.2 SHEENBFENE: S/ O LA W RE %
2T P O AT

1.3.3 16SrRNA EFRT HENFEMERLELXE
Wt DLSZEG % 04 16S rRNA K3 FH 51 4, X %
4B T BE HEAT B V% PCR 47 1% 16S rDNA, 16S_F:
5 -AGAGTTTGATCCTGGCTCAG3", 16S _ R: 5°-
ACGGCTACCTTGTTACGACTT3” 414 f A& F1100 pL,
94 °C 4 min,94 °C 0.5 min,52 C 0.5 min,72 C 1.5
min, #4730 NMF I, 72 °C 10 min. PCR 7= 4 347
e CHH AL 5 R e AR D H R AT BR A ] 2 D) fig DNA
4l Ak AR F &) pMD18-T %% fk 7 82, | ifg 96 1% 2k
W ARA R A F 56 B 7. A EzTaxon-e H45 i
RIS 73 B9 W BK SR UR OC &R B 0 B 2R AR 16S
rRNA J: A, 45 5 78 GenBank H' %4 BLAST 3k BX 3] 1Y)
B Kk 16S rRNA %[5, 32 il MEGA 4.1 [ Kimura2-
Parameter £254, K 484215 (N) M E RS K G W
(Replications = 1000, Bootstrap {8 B 1 3 kL) »

L4 AHiEENE

1.4.1 $MHFEFREME - 98405 A0 BaX030 X 7~
S R TR R 2 TR TR A B OO R A BRI (B
TR PA T RE BT SR FE VD 1] I B o T BT 11 41 7 2K
B BaX030 48 h A L i i (8000 x g &5 .0 30
min, 3 0. 22 wm JEEALFE) 73 51 L 98 BE L 40,60
80.100 C 4L #E 1 h,121 °C 4 #E 30 min J5 & 0L 5 pL
FTME R . pH BAE 1.3.5.7.9.10.13 48 1 h
Ja i pH R, S WL T E IR . A
K R EE (B2 0 40 2 1 h J5 &5 L T
IR . 48 h R L3 2 A B HE BHL €% 2 AT A C g
S5 AH v 80T AH £ 1 4l A S WA % Aoy BEAT 40 T R
U £ I3 T AN 1 i1 N IO SR (-l N S
(mm) =5 B % (mm) - 4L A 2E42 (mm) .
1.4.2 HEYMRBREEE KM VB0 5 77%,
75 PDA PR 0 A7 B e Al AR 6 mm ) RS 40 iR
BL A B VA (7K T 8 9 095 1T 1T 22 OB 2 i ¢ 6L i 1T
T 22 U R I 05 TR T 22« BT 5500 T T 22 K R
SUN I T TRT 22 il S AT A% 093 AT AT 2 RV 0 o R IS O TR
W 22) BB AL I 2 em 40N 5 pL B, 28 C



AR 355 25 ¢ MR E R 2F AT B BaX030 )40 55 45 s K PUR T BE. /1A M 4 (2015) 55 (9) 1135

{BIE R IR 5 - 10 d, 50 M A Lh A 00 8205 iR 0 T AR K
RO o X URERE IR 10 d J5 5 AH 22 58 1B WL 5% 008 i L R
T 22 F L1~ 5 BaX030 . Ja] (i AH HAEF -

.43 HEEFHEMNSBEESLEE: NN IE
BaX030 48 h &I g (R Lig W SN R 4% 1:4
MAAEBIR A5 5 -20 Cp s #0) » BB %+
(AT IR0 WK R, 5 (A a4 (i
BB Superdex 200) 43 25 (R BhAH < /K, W #H -
0.5 mL/min, FA£ 1 mL, i i) : 80 min) , 2§18
1290 8 5 2 W A1 7 3% (ZORBAX SB-C ;4.6 mm X
150 mm, 5 pm) 246 (38 g AH K R0 H B,
1 mL/min, ERER 20 L, 5[] : 14 min) , % 3% 2 41
AT LC-MS/MS %52 (£ 1) .

2 HIRAI

2.1 EHRERE

2.1.1 FEASHRAE: 7> B A LRG0 2 B
(1715 £k BaX030. LB & 15 75 2 vh 85 9% 12 h,
AL LB A b T B R 38 GBS T
B, S, IR A G Mz BB (8 1A,

Bl 1B) 2 1 A4 O AR 7™ 2 M0 40 B 5 41 vl B L ¢
(E1-C, B 1-D), 4l i K /N5 2 1,00 pm x 2.00
s B 9R 12 h G AR S RATOIR B9 24 h R AR AT
RAEBE A ZF ™ A

% 1. EFEMHE S UHPLC (8 5 ¥R 18 &%)
BERRERF
Table 1. UHPLC gradiant elution procedure of the

antimicrobial active component

t/min c(HZO) /% ¢ (methanol) /%
0 95 5

4 50 50

7 20 80

10 0 100

12 0 100

13 95 5

14 95 5

2.1.2 SEBAEHFAE 8 BAR T S R R 2
HRAT BT 1) A B A A 3R A IR AL, AN A R R 20 AR
R AN o6 i 1 3% 5 BE KA U by o A Ak S AT L i 80,
HE AR W WAL 5 3 J5U A 1R £ 5 1l ol AT FR 6 21

E 1. BaX030 & ¥k fi2 S W =

Figure 1. The morphology of BaX030 strain. A :The scanning phase contrast microscope that BaX030 strain were cultured 12 hours; B:The scanning

phase contrast microscope that BaX030 strain were cultured 24 hours; C:The scanning electron microscopy that BaX030 strain were cultured 12 hours;

D:The scanning electron microscopy that BaX030 strain were cultured 24 hours.



1136

Hao He et al. /Acta Microbiologica Sinica (2015) 55 (9)

£ BE S VP a5 AR AR R 1R X 0 S B R R
B (R 8 ) 7= A = IR Wl e i sl g (LB A
PR -

2.1.3 RFEABEMEIME: 7 % E #Kk BaX030 168
rRNA H K 7 %1 K & o4 1513 bp, NCBI L% BLAST
oy BT R B % W R R T A AT WS 0 ) S Bacillus
amyloliquefaciens SQR9 ( CP006890.1 ) . Bacillus
amyloliquefaciens  UCMB5033  ( HG328253.1 ) .
Bacillus amyloliquefaciens BCRC 17038
(DQ993675. 1) « Bacillus amyloliquefaciens FZB42

( CP000560. 1 ) « Bacillus amyloliquefaciens CC178
(CP006845. 1) «Bacillus amyloliquefaciens UCMB5113
( HG328254.1 ) . Bacillus amyloliquefaciens M7]
(AB735985. 1) 45 {0 M1 ALLVE 5 w1 349 2 99% » Al
MRGA 4.1 ) Kimura2-Parameter 12 %, iz F 4 32 1%
(ND M ERGREW, WK 2 fiox. 4 BLAST it
15 45 W HEM Z 6 bR )8 T Bacillus amyloliquefaciens V.
Fh, iy % A Bacillus amyloliquefaciens X030, % [ £
16S rRNA 3 [N J§ 41 #¢ GenBank |- 3k 13 1) % 5% 5
J9: KM191359. 1.

Bacillus amyloliquefaciens UCMBS5033 (HG328253.1)
Bacillus amyloliquefaciens SQR9 (CP006890.1)

52| Bacillus amyloliquefaciens UCMB5113 (HG328254.1)

Bacillus amyloliquefaciens CC178 (CP006845.1)

- Bacillus amyloliquefaciens M7J (AB735985.1)

— Bacillus amyloliquefaciens BCRC 17038 (DQ993675.1)
— Bacillus amyloliquefaciens FZB42 (CP000560.1)

P Bacillus subtilis isolate C8-4 (EU257436.1)
Bacillus amyloliquefaciens BIHB 350 (FJ859694.1)

Bacillus subtilis M15-10-1 (HM030749.1)
Bacillus pumilus SAFR-032 (NR 074977.1)

Bacillus cereus ATCC 14579 (NR_114582.1)
Bacillus thuringiensis BMB171 (CP001903.1)

|: Bacillus thuringiensis HD73 (CP004069.1)
Bacillus anthracis strain ATCC 14578 (NR_041248.1)

41
— BaX030
0.001
95 36 Bacillus subtilis 168 (NR_102783.1)
54 Bacillus subtilis EBSOS5 (FJ876834.1)
99
100
24
44
Filobacillus milosensis SH714 (NR_027209.1)
74

Virgibacillus pantothenticus TAM 11061 (NR_043402.1)

95

Amphibacillus xylanus NBRC 15112 (AP012050.1)

Halobacillus halophilus MMDO047 (EU602318.1)

2. 1R#E 16S rRNA EEFFIMERF R EH LK

Figure 2. The phylogenetic tree based on 16S rRNA gene sequences. The numbers on branches indicate bootstrap values. The tree

rooted was constructed by Kimura2-Parameter model and N-J method with bootstrap values calculated from 1000 resampling. The

numbers at each node that indicate the percentage of bootstrap supporting. The numbers in the brackets followed each bacterial name

are 16S rDNA sequence accession numbers in GenBank.

2.2 EYEMNE

22,1 MEMEERFE - MWE S R T (K
2) Bk BaX030 48 h KB I3 Wi AT 4 o (0 4
BROBA S (R RO RE A0 AR, L
T T R R ) TR R AR R RO, R T 80 °C R
B & M, w5 T 80 C I, iE ML T R L

B A% s pH bR 4% fF T 0B G5 I O U 5 R A R
VS R R AT B MR R BT PR R R D BRI
A K 55 8 (1l AL B S 0 Pk R W) R, 3
B 2 £ H5 /NTF 4.5000 mmo XF 7S AT A
BOE AT B R A SE VD T B R Sk IR R B G 0
LI RER D
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& 2. M4 E A KR E B ER 2 (mm)

Table 2. The semidiameter of inhibition zone (mm)

T/C Staphylococcus aureus Candida albicans Saccharomycetes
25 6.0221 £0. 05274 5.3302 +0. 07090 1.7269 +0. 03254
40 4. 6803 +0. 07406 5.0413 +0.03319 2.3214 +£0.01453
60 4.8812 £0. 01535 4.5403 +0. 05607 1. 8403 +0. 08034
80 4.6105 +0. 08613 3.2042 £0.01679 1. 8455 +0. 02219
100 3.3833 £0.04392 3.0958 +0. 02568 1. 6405 0. 09010
121 2.5840 £ 0. 06205 2.5873 0. 04343 0.5753 +0.01524
pH

1 5.1298 +0. 08396 4.3408 +0. 03836 1. 0697 +0. 09421
3 5.8805 £0.03613 5.2451 +0. 04035 1.2375 0. 09268
5 5.0074 £0. 08236 3.7825 £0.07651 0. 5488 +0. 05587
7 5.3125 £0. 07094 5.5305 +0.01092 2.3108 +0. 03026
9 4.3547 +0. 02956 3.8453 +0. 09834 1. 6659 +0. 06988
11 3.1608 £0.09416 1.9414 +0. 08913 0.2203 +0. 05526

Means and standard deviation in the column according to SPSS.

2.2.2 HHEYMREREE: hRKRBEREEREEM R R A KNS SO A, AR BaX030 X DL 1 4 Bl
R TR AFLIS TR RRACS R0 T R R SRR R AT W e BB A R A R IR AR I 3D B R

Pyriculariaoryzae Chili pointed Gloeosporium Phytophthora parasitica
cell anthras eriobotryae speg

a5d

Treated

Control

10d

Treated

Control

[E 3. BaX030 & #k X ¥ R B RIS U 1E R
Figure 3. The antagonistic action of strain BaX030 against phytopathogen. Representative photographs showed BaX030 and Pyriculariaoryzae,
Chili pointed cell anthrax, gloeosporium eriobotryae speg, phytophthora parasitica confrontation cultured 5 days and 10 days of each phytopathogen

growth situation. The results showed that the strain has a very significant effect on Chili pointed cell anthrax and gloeosporium eriobotryae speg.
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5 d, o0k A AR A0 TR I B R i AR 2 35 mm 1) [5] TE
TR V& SI2 30 20 R 0 0 D 3 B A K B AW B R
10 d, X R 0 908 Jt 20 7 K 3 B A T L, 52 56 41
BaX030 7 BRAR S i 7 I o 11 15 AL AR i S8 s 1A ) [
T FSCEAIR 0, B P 5 7K e 8 o3 1T 5 0 R PR IR 0 B
P00 00 44 Dt A B S . BaX030 i B I S 55 A
R~ 7K T S0A 99 B~ Y SR R A% S BRI B R 1 S
YER -

AH 22 S AUBE T 4% 7K TR R s AT~ BROB 2 L
JEL A B ML A R 0 R B R SRR W A ) S

X

BaX030 - [i] ff)AH HAF T &5 5 S 7 - OB 2R i e i
Joi AT AL P Al 7 A E R (B 4-A) , %2 BaX030
PG, 4 d oy m e n (5 4-0),6 d fil 75
AR AW (B 4D) ;8 d 3 1 H BLA A F
FERIE 2 (B 4-E4) , W W T4 KR B (F
4-E-2) ;10 d BB B 5 IF % B 5 BaX030 1 44 £z
filt» B2z fik 35017 40 R OKE AR T AL LA RN S TE AR
A BARE, A Bl B D (K 4F) o K
R JE 05 AT~ AL AL 0 T 95 BT R R PR R 1 7 2R 1 40 2E
75 BaX030 A B 1 H AW &

[ 4. BaX030 & #k X #RHY o B 5 E 7 B 78T B9 =20
Figure 4. The inhibitory effect of strain BaX030 against Chili pointed cell anthrax spores. A: The spore morphology of Bacillus amyloliquefaciens

without antagonistic action (1000 x ) ; B: The spore morphology of Bacillus amyloliquefaciens cultured 2 d with antagonistic action (1000 x ) ; C:

The spore morphology of Bacillus amyloliquefaciens cultured 4 d with antagonistic action (1000 x ) ; D: The spore morphology of Bacillus

amyloliquefaciens cultured 6 d with antagonistic action (1000 x ) ; E: The spore morphology of Bacillus amyloliquefaciens cultured 8 d with

antagonistic action (1000 x ) ; F: The spore morphology of Bacillus amyloliquefaciens cultured 10 d with antagonistic action (1000 x ) .

2.3 MEFEMEMHSBEE5LEE

PR UE BaX030 AR 7 47) 3R A9 PU 1 s PR R 4
Wy, 2 R B AL R AT A 2] ALVA2L A3 A4 YA
el e I 5) 2 il v 4 o €0 %81 4 3K A R0 16 8 Bk
R HEAT A B S 50, 45 R s, VeI W A2 A 0 A
W WA R W A2, FIHT C g SOAHAEBE — B 24k,
R EIPUETEEAL 4> B2 (] 6) ; LC-MS/MS 43 #7 45
SR, YU GG Y B2 A B R s LAY W B R
2. 18 min, 43 7 K/ 182.09 Da, — 2 il + 2 ¢
Bty 1B R/ 4 103.36.119. 16, 136. 09 147. 16+
165. 06 Da 25 (& 7) .

Al
— 280 nm
AU | 354 1m 7
40}l A2
30t
20} s
Ad
1o}
0 50 100 150 200 250 300

Elution volumn (mL)
B 5. BaX030 % & B RERBARS B
Figure 5. The antibacterial activity of strain BaX030 fermentation

supernatant with purification each component.
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DADIA, Sig=254.4 Ref=off
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6. BEYAMEESBALELHAS

Figure 6. The purity of the active component by high performance liquid chromatography.
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Figure 7. The identification of components B2.
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3 itig

figE Ky 2 ML T A Dby TR AR 4 B, LS
O PRI T AR K 4 O R O R A AN T
BRAS B [ I 55 99 Js 28 250 17 5090 M A R R £ AT I
P, W AR SE K 4 FF 1 WH1 . SQR9 ®Y L PPCB004 ¥
A5 of KL 93 R L T A R A R e A K O AT
RC2"%Y 5 MET0908 ™ %of ¢ i o 14 435 47t 24 o1 W
5o fRVE R 2 HOAT 1 R3 XK Ml K B T AT 1 B AT
PR B A e 2 RAT T Es2 A8 30 0 42 1
5 ICE A K o ARHT S0 339 Bk 2 MO AT B v 0%
T H AR AT I T g B 1) A R R 2 B AT BT 1% 1 K
28 16S rRNA I A [\] 9 Lk xF 20 7 &5 & A 2124 b
UE 568 7 S A0 58 hy — R A T O A IR T I kS A 4
4 Bacillus amyloliquefaciens X030. BaX030 [ % 40
BRI X A b O R A BR A O R R R A
A T 5 Xk 7K R G TR0 T~ RO 4 R 5 1R A
AR L9731 0 B R P R W e AT A
(1 N FH A7 55t . BaX030 5 1l 4 96 it 2L 1 X Ok 3% 75 b
FE v R IR, BaX030 S A 2 M 2 I 9 81 0 7 77 2R T
WA ST A S B R 2R I TR HE RS f T AR R
WS R TR BRI S o 2 Ok T AR By 1R R
U B A AL B ARTE 7885 /D 5 ot A 4093 TR T B AR 1
Y F ML 72 A WL 008, A F 90 K B 1R 3 — R I
Gk 3k — 35 E 5 AR [ B G AR A0 6 TR AR WL A
TR I .

FoAl, i BoR Ol oK & N H T 40 B AR =
£35 #5,  *” Pradip Kumar Singh %5 R H i H1 €5 3%
3 B ZF MUAT T 40 1 %, Manns DC % %558 J] (5 8 £
ARIRAF I = 4 2F Mo bF 18 SF361 1k bt 2T I & (A
YvgOo QU4 F (i oy 85 7 vk o B TS et
T BTGy SRAH €03 52 AT 4 SR OB R I A R T . A
WESC oy B8 77702 5 0 1 93 88 J7 1R AE G R 5 14
JIT U 3 5 4 SR FH i 5 0% U5 I £ % (Superdex 200) 2
W10 o3 B R I b 9 25 B I L3 b IR K g
T4 C A0 3% (ZORBAX SB-C, 4.6 mm x
150 mm, 5 wm) 2 87 5 9 o i % 1 3 59 43 9T 43 3
B 58 58 10 9% 1t 4 4> B2 LC-MS/MS % 5% &R, B2

Al B R RS R 4y F & 182,09 Da. X T b
TR I P oy 7 VR R L RN gy T R I T, A
J 8 K 4 T R T D R AT RE M oy T4
P 2L T Al

BaX030 41 1 F 57 45 H 34 W5 7= 74 1) 400 1 3 1 400
T 1o dh ~ SR AR R 1 A OB 6] B PR S UG X S R
e & SR ST AR UE K oF BT B YB3 AR ) 2 KR
BU A 5 AL E AR LY i E RN R
182. 09 Da, 55 fi# y& ¥ 2F AT B Q426 7= A= 1 28 ik
KA Wsr TRMEDY o B, I BaX030 7/
BB S PED Al et —Fh 2 K ZaE P ) R H &
I3 A AL B AN I LA fr S gt — P .

2 2% SCHR
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Screening and antibacterial function of Bacillus
amyloliquefaciens X030

Hao He, Yingling Zhu, Liqing Chi, Zizhao Zhao, Ting Wang, Mingxing Zuo,
Tong Zhang, Fengjuan Zhou, Liqiu Xia, Xuezhi Ding’

State Key Laboratory Breeding Base of Microbial Molecular Biology, College of Life Science, Hunan Normal University,
Changsha 410081, Hunan Province, China

Abstract: [Objective] We isolated 339 bacillus strains from 72 soil samples all over the country, then purified their
antimicrobial compounds and studied the antibacterial activity, to enrich bacillus resources and explore their second
metabolites. [Methods] A bacillus strain with strong antibacterial activity was selected by dilution plate and water bath
heating from a soil sample from a peanut plantation in Henan Province; this strain was identified according to
morphological observation, physiological and biochemical characteristics, and consequences of 16S rRNA homologous
analysis. Antibacterial compound from the identified strain, Bacillus amyloliquefaciens X030, was separated and purified
by acetone precipitation, Sephadex chromatography, C , reverse phase column chromatography. Its molecular weight was
analyzed by LC-MS/MS. The antibacterial activity was characterized by disc diffusion and plate two-way cultivation.
[Results] Bacillus amyloliquefaciens was isolated that not only has antibacterial activity against Staphylococcus aureus,
Candida albican and Saccharomycetes; but also against Pyriculariaoryzae, Chili pointed cell anthrax, Gloeosporium
eriobotryae speg and Phytophthora parasitica. The compound was confirmed as polypeptide. [Conclusion] Bacillus
amyloliquefaciens X030 can produce a polypeptide that inhibits pathogenic bacteria and plant pathogenic fungi.

Keywords : Bacillus amyloliquefaciens, antibacterial, purification, polypeptide
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