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Identification of an antagonistic strain Bacillus amyloliquefaciens E3
against Dickeya zeae and its antimicrobial activity

LIANG Ligiong, HUANG Shaoli, SHAO Hang, WANG Qingwei, WANG Xin, WANG Junxia, XU Linghui
(Integrative Microbiology Research Centre, Guangdong Province Key Laboratory of Microbial Signals and Disease
Control, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] To isolate and identify Bacillus amyloliquefaciens strain which can inhibit the growth
of Dickeya zeae EC1 from the rhizosphere soil of citrus plants, and analyze its antibacterial mechanism.

[Method] The B. amyloliquefaciens E3 strain antagonizing the growth of D. zeae EC1 was screened from the
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rhizosphere soil by plate diffusion method. The E3 strain was classified and identified based on colony
phenotype, physiological and biochemical characteristics of bacteria and 16S rDNA sequence analysis. Effects
of E3 sterile culture medium on the seeds germination ability of rice infected by D. zeae EC1 was detected. The
crude lipopeptides of E3 strain was extracted by hydrochloric acid precipitation combined with acetone
extraction. The antimicrobial activity of crude lipopeptides against pathogenic fungi were determined by plate
confrontation method. The antimicrobial activity of crude lipopetides against pathogenic bacteria were
determined by agar diffusion method, and the minimum inhibitory concentration (MIC) was obtained. The crude
lipopeptides were separated and purified by HPLC with Durashell C18 column. Liquid chromatography-mass
spectrometry (LC-ESI-MS) analysis was used to identify the molecular weights of the antimicrobial substances
and speculate its chemical composition. [Result]l B. amyloliquefaciens E3 strain had an inhibitory effect
against Fusarium solani, D. zeae MS1 and Ralstonia solanacearum, etc, indicating that it had broad-spectrum
resistance. The sterile culture medium of B. amyloliquefaciens E3 strain inhibited the infection of germinating
rice seeds by D. zeae EC1 and significantly increased the seed germination rate. The crude lipopeptides of E3
strain inhibited the growth of D. zeae EC1 with the MIC of 348.97 pg/mL. HPLC combined with LC-ESI-MS
analysis showed that the main antibacterial substances secreted by E3 strain included surfactin, fengycin and
iturin. [Conclusion] The B. amyloliquefaciens E3 strain is potential to be a biocontrol agent. It can antigonize
a variety of plant pathogens such as D. zeae EC1, R. solanacearum and F. solani by secreting three kinds of

lipopeptides including surfactin, fengycin and iturin. The results provide a theoretical basis for the application of

B. amyloliquefaciens E3 in biological control.
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IKFEEEJE i 72t oK K 58 IR B Dickeya zeae 75
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JAE ) 15 ANEKFE X A il 3k HAE
PN A A W = S A0 B PR R HA DY, s e B K A
A PR A T AR UM 2 — o 558 PO b R Tt AL
272 H TR AR KRG e () 2 BE A . KAE A
BRI 1 5 T 08 1) R AR AT P, A B e o e A B VR
B, 26 RCRAES . 7 A 2R 2 1) 3 3 {5
FHART A S 38 iy ok 1 — &40 ) @, G095 99 i 4 7R
PUAGPERG SR AR B VS Yo 5 . AR R AR B iR
TR 5 BHRIE T7 MR 3, AT B OO R YR
AT U6 I T B R 28K 2 B T TR R A B
e AR B0P B B e AR B, T2 N BAE H AR R
ZIB L) 5%~8% I3k R & Bk A A =4, 724 L
A B A R B B B, I R AR Y
AR Y, A OCEF AU B B VR 7K R 40 B e R
T3 (R IE 7 B WLARGE o 2 FOAT BT 20 ) B B D Dot T
ARG RS MpiE E e
S5 o B FUF B 2F AT 1R 7= A2 1Y) Fengycin 251 Tturin
KGRI N IR A & W E S0 ) LB h ke
EAERUY, Cho S B LRI, Al HLZF MUAT B
KS03 /=4 ) F EHU B A4 Tturin A BEA B3
RIER AR, R ABRIUEEEM. o ERY

Fengycins fg i YR 5 i 30 B8 1A 22 1 8 T 45 1
Fengycins AbFE Ji5, T 1 40 B % 11 1 9K 77 FRAIS, T2
FAAL, 20 R EE T 2R, Surfactin & —ZR5RK
P AR TS TR, BEis AR E RGP,
Cawoy S5 W70 K I, Ak B 27 O 4T B S499 7= 4F
Surfactin ]88 ) 5 H = L35 PV RE /7 XK
90 Botrytis cinerea WIHLHRE /13 2 1EM K. HAT
A R IK TG F 993 A= B5 T A UGB AR 2D, T R X i
JE D ZF R B DU A LR B A AT DA K R
J&3 95 BT ) A 0BT 1 B A58 ) B2 U, SRt il A
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AT 5T A A AR o -t 38 v 9T 2k A S E 1 AR A
YUK FEIESE R B Dickeya zeae EC1 A=K Bacillus
amyloliquefaciens E3 B, X NG 1% A B g
RBARE =V HEAT BT 58, D9z i Pk 1K) gk — 28 T R BE
FH B 5E LAl
1 MRI55%
L1 #

Dickeya zeae EC1 AR B A wE ARV K 5 B 44
TRUAE P s 0 i MR 22 DT R B A . PR it

Aspergillus niger- ¥ W% Aspergillus flavus- i ¥
JIW Fusarium solani 5 &%k J1 W& Fusarium nival.
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VEZAA % IR Burkholderia cenocepacia H111., FREHE
J&I95 i Dickeya zeae MS1+ FiH5i5t3779% B Xanthomonas
citri pv. citri Bk jx-6. IKFEIE G H Dickeya zeae
ECI1. #li#}t 55 /R KB Ralstonia solanacearum GMI1000.
K145 6 Escherichia coli DH5a 2 ARG A W)
5T 0 S % R AT

NYD 85 574%: 2FNE 8 g/L, B EHEHY) 3 g/L,
HIENE 1 g/L; YPG B3k BERESR Y 10 g/L, &
FIk 20 /L, Hi%IHE 20 g/L; YPD 15775 [ BESZER
)10 g/L, JEEE A5 20 g/L, % ¥ 20 g/L; YSB £
TRk FENE 20 o/L, ERHERUY) 20 g/, 4FNE 15 g/L,
MgSO,-7H,0 0.06 g/L, FeSO,-7H,0 0.009 g/L;
BYP Ki7idk: - E 5 g/L, AN 10 g/L, W EEZ
U4 5 g/L, #i%i#% 10 g/L, NaCl 5 g/L; LB 5 573E.
BERERINY) 5 @/L, HR 11 20 g/L, NaCl 20 g/L, 1A $
FRIENAE 1 L LB AR RIL IR BN 15 g Bk .

Bio-RAD C1000 Touch PCR 1X (3 Bio-
rad A A4 77), G154DWS 323K J1 72875 K @i [ 3
(BT AERA R AR ], LYNX 6000 K2 & v
B OHL (32[E Thermo 2 &) 4E77), Waters 2998 il
WA 3 (32 1E Waters TH 24 7] 4E77), Agilent
1260 infinity =5 30AH €L (32 E Agilent A 7] 4E
7%), 345 4 Durashell C18 A (10 mmx250 mmx
5 um), Z DIRERFARAX (BioTek 24 &2/,
1.2 F&E
1.2.1 KBEABRAFERLAKRFL D. zeae
EC1 #5410 (157 i% LK FE IS B D. zeae EC1 R
AW, ZE ke KERHARFY 2/ NCBI
GenBank A JF, [¥%]%5 5 NCBI Reference
Sequence: NZ CP006929 (https://www.ncbi.nlm.nih.
gov/nuccore/NZ_CP006929.1), K F~F#k 4 #itik i ik
FEPLE . ¥ D. zeae EC1 HLE & A T LB Wik
B 9R3E, 28 'C. 200 r/min FEH R FEE Deoo nm &
1.0 i, BL 11100 BIAFALEHS D. zeae EC1 BN
2140 °C 115 g/L B LB Bl 3595, RS 5 5
ANEEFRIMABEIN 15 mL 35 FRE, B35 D. zeae
EC1 1y LB [l fc8; 77 3

BGHIR A 1AM AR PR 1235 1 g 3] 10 mL
TB K H, B 28 °C 200 r/min %% 1577 30 min J&,
F /KRR, FFEREEE N 10x, 1001 1000x, B 100 pL
B AR AT T S A MK & D. zeae
ECI1 ) LB [fAR: 70 Fo PR TEHCE T 28 C
FLFRFEN R B IR 48 h 5, e B 0B el 1Y) BT VR
RIZ TR i LB [ R 55 7tk B8 57 A B v
PRAF A T 1 — 2B B RAIE

P BAT] 075 15 21 (1) 45 R R LR I, o0 4R R T

A 200 pL LB RS FR A 96 FLEF IR, B
T 28 C IR HEFE 12 h J5, 70 HIHL 10 pL
W, IMNEH D. zeae EC1 1 LB [ 4455 75 Il o g )
HAZ 5 mm [FFLAN, 28 C B IR E B E 9% 24 h, 1
D25 A H0EE P, Rl F B4R KN o e i i
B 7= A A B BB B B AR 19 Bk, ASHIF 5T BH TR AR
Pl i K, ELARZ) 20 mm B AR A 7O R, R A7 1%
WP, HFam4 N E3.
1.2.2 E3 BB A AR AN TR 16S
rDNA 53| o4 ¥ HE Pk B3 KIZ 3 LB Ki 74 L,
28 C &MF IR 37 24 h MR IE LS . IR ARUETT
EZ I MS(i)/C005-CO1" ", X} 3 ¥k E3 HEAT A FE 4=
ARSI o W5 10 A2 A F8 s G5 4 fl g 2K T SRR it
A EAEEE LS.

ZWSCHR [20] B9 79, DL E3 B bR SR R4
DNA A#fEHR, % H 5149 F27 (5'-AGAGTTTGATCA
TGGCTCAG-3") #1 R1492 (5'-TACGGTTA
CCTTGTTACGACTT-3"), PCR ¥ 14 16S rDNA #t
K A Bt PCR ¥ DNA Bt [al U4t ki 7 S 4l
)5, ZAEAC R AR R A A o KBt
13 )7 48k NCBI $# & 347 Blast [7)J5 14 - 47,
FKH MEGAS.0 AR RGK B . 456 HIEH
IRTEAS S LA TR AEAASAE, ST B3 BRI T 228 % 0 .

FRHE SCHR [21] B9 525 A % 2 X514 Bsu-man-
1F: 5'-CAGGCTCACACTTTGTCTTG-3'« Bsu-man-
IR: 5-TGAACACAGTCCTGGGTTAG-3'#1 Bam-
man-1F: 5-TCGGTTT CACATCCTTCATC-3'. Bam-
man-1R: 5-TTTGTCAGCGTGTCTTCTG-3'. 5%
HH AL R AE YRR BR A Al A R
1.2.3 E3 HALE BRI H ER R HRAY
Jhak ARAE SCHR [22] M7 VE, TRde 0 B 4 T E M
R 3E . Bl 7 NYD. YPG. YPD. YSB 1 BPY
5 MpREFRER. B B3 MRS 20 mL H5FRFEM 50 mL
=, 28 °C. 200 r/min }%5% 72 h. E3 %557 8 000
r/min £5.0» 15 min, FRYTEWEE FIGHR, FIHEHA 02 pm
) 4 T 3t R 2% i, WRCER 10 pl JC T B IR SR
BEAR Y BRI RPN v v, R R E A 3K,
1O AR Bl B A%, ] GraphPad 2| % .

1.2.4 E3 AMAHAZIEA D. zeae EC1 12 KA
TR A e Hea RAAUERED M E B3 1R
D. zeae EC1 12 YLK FEM ¥ RE ST B FZ MR o 16 HU Ak B
PO KRR T (4RI 307 ), FARUZEKPRYE 4 IR
. B HER 9 MKFEM T, B S 30 R
T Hodh 8 T D. zeae EC1 I ARt
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TR (4 0r) Al IR 4l (4 13), BALK 4 B Fh T
AT AR E AR T, A 1.4x10° 1.4%x10°,
1.4x10* fI 1.4x10° CFU/mL K D. zeae EC1 B2
W, 75 28 'C &M FIRM 5 hJa, FTEHEKF R+
3K HAN 1 R K AL BEAE R = L R . X
9 I Fh T4 B T HA 3~4 KIS (L HEKIRIE) 1)
BRI, JRNE R IG IR, B R W E S HON: B
N 30 °C/20 °C, YRS AN 16 ho fELRIEE; IR
24 h J5, FMe 4 B R B 2 mL o E3 15 9F
W, 35— R T35 50 78 55 55 7R I BeRhout HEZH AN
2 N R SR AR [R] 7772 YPG Re Rk ab 2. B
TR R R R T R0, 4d 5
Gt Fp T g R ARG THEBA SR WG EE 3 IR
12.5 B3 Htko ik Rk AR BB E M E K
FH R R YT TE 25 4 TR IR e 42 11 7 SR SR U K 254
R, FERR B3 B TE S 500 mLYPG kB 5F
%, 78 28 "C. 200 r/min 15N, #]RFGHEFE 3 do B
E3 W #k YPG 55723, T 8 000 r/min Z5.0» 15 min
Jeis FEUTHE, B ETE W, D2 A HCL,
B pH % 2.0, 4 C M NEFETR . 8000 r/min £
O 15 min, 8125 B3EH, BERDUED, H 5 REAARFR M)
P = £ 5, 8 000 r/min &0 15 min, WEREA
PUAH, T3 Bk F 7O I 25 8 5 0, BB R IR iR
W TG 2 IR, 75CE T 38 XU N T,
R IR T8y« F BV RS, SR 0.2 pm
A LIS R JE B bR 1A, 73 8 B3 MR ICHLER M R,
K Abbkine BCA & [ & & & 7l &0 Il & i &K
o SR B MRS B2 F A B S

1.2.6 E3 AHAREKREY RO AENE S
FRSCHR [26], SR A SPHRO IRE R 2 B3 T PR L 1R
WA E V& T . 7E PDA AR IR BOE 4 1A B sCE
2 BB, AR A B S mm BT ILARET AL,
I 10 pL AHAR R IRV, 78R N 5583.5 pg/mL,
28 'C 4 N5 9% 3~5 d J5 M0 A I
FEAE o 2 B A B PR R T B R G, DR
FE R RS K35 A5 B A AR 0 2 A1 7K e 25 TS 5 A1
HRST R IREE . WA IR HFEERRE M
0T 35 1, 7R B A AH RO R B 1 LB SF Ak B
5 mm FIFTFLAEHT L, I 10 pL KR AE AR, &
WRE N 5583.5 pg/mL, 28 C M FHEF%, MEEH T
0 B 7 A

1.2.7 E3 B E ISR E 4 R 69 Jo 9
(MIC) M2 HKHL EC1 $15§7% T 10 mL LB #5555
H1, 28 'C. 200 r/min 3 7RI, K35 57471 EC
T, F2 8 12100 [RAARFR LB Fp 21 5 8 1) LB K5 77 2

W, VB2 G, B 100 pL i A 3] 96 LR H . B
100 uL JIE KRV (R 5583.5 pg/mL) 5k
LI FRIIR G5, BEEMBEN 2° 3] 277, &
12 200 uL LB £330 200 pL HLH2E g B S5 i v
TN BA MR, A0 EC1 19 LB 1E N FH X, 5
96 LA E T 28 “C. 200 r/min HIFE K F1 5555 24 h,
FABEARASCI B Doy 10320 HFH GraphPad £
1.2.8 E3 BkIrH ISR E Y R e o & st JIRAK
IR 4 SR HOE BB YA I S, SR i 4
R RO 63 (SE1E Agilent 1260 Infinity T AH
ok Ry AT — B R A, Ak N
C18 # (5 pmx10 mmx250 mm), iz A: RIS
B 0.1% B B IKE W, B: N5 5550 B e i
V(A):V(B) = 20:80; £ il : UV 200~400 nm, it
#:3 mL/min. & 5 min Y& 1 &, LU 8 M.
% WRAR I AT H0 B S P R

129 E3 B#IAEEM RS L ESI-MS HA
525 BT e IKAL & 40 56 1k v & 2053 B AR 23 i
BT ST R 6T A 4 R E D
F 1000 17857, ESI-MS R &7 4 [M+H]
B [M-H] B 1, e AH R IE B 7 B0 5 25 7 =k
AT REI, 5T 15 B AKX 4> F R ER . AR
Thermo UPLC-Q Exactive Focus Orbitrap ¥ #H /5 it
I FH 43 M A 4T LC-ESI-MS 23 #7, (03 46 I 44418«
B F: Waters HSS T3 # (2.1 mm x 100 mm x
1.8 um); Jiti# 0.3 mL/min, ¥&7: JaIAH A gtk
AT 5> % 0.1% MHR), WBhAH B NI, BEt
FEF A : 0~15 min: 80%~100% B, 15~20 min: 100%
Bo JRREA I 2% A B 7U8: H-ESL, W55 HL K 4.0 kV,
BYSIE : 40 psi, HHATAIE: 10 psi, B LR E IR
J:320 C; B B R 3: Positive; it R, 37U
m/z: 850~2 000

2 BRS5TH

2.1 KEEBRAERBINMERNEE

SR FH P A BT ¥ DT T A7 SR 17 A s L 438
SN B R WA By R e e o N e N B
19 N bR, Hb, B3 W E B AR K, &
20 mm, Rk HAE N FE0 3. E3 BARAE LB °F
IR, 28 C KM THFF 2d JG, Wik EABANE
B B DA ST, 2R IR, R T8 B2
4 (B 1) WHZE RS T AR H (F 1) B
E3 B bk il i V-P 136 AR R 2638 i & N 2 BH
PE, it L & EAE K pH YE LN 5.7~6.8, AT LA
FH AT 15 I8 RO 2 A D R SR VR, I BB 0% % A Ve
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Xt E3 BRI 16S rDNA J3 41 #EAT FHAUYE 37
DM EERRG R R K BN, RIWZEKEE A
i W] Bacillus amyloliquefacies (GenBank & 3% "5 A
MN756640.1) 54 R Z il (K 2). 20K
I E3 WPk EE K 20 DNA W] DLy 38 fift e 28 M B
T AN A2 A 2 0 T e 7 1) - H S RO Bl 3k TR A B
(K 3)0 MRH B RR B TR v R AL AR BRAEAURRAE, 55
16S rDNA F7- 51| 73 v AUy 347 08 A e by 2 L AT 1 -

1 E3 E%HSE
Fig.1 Colony morphology of strain E3

R R DR ) B S WO bR B3 AR R
LB B Bacillus amyloliquefaciens, F1-F41% v bk
%N B. amyloliquefaciens E3, 16S rDNA J¥ 51| C.1&
2 4 NCBI, GenBank &35 8 MW130122. 1%

1 KBERRERNE E3 BROEEEBE LY

Table 1 The main physiological and biochemical characteristics of Bacillus amyloliquefaciens E3 strain

N - AR e AN R
W5E TR bR , , M5 $eHR . .
) Biochemical ) Biochemical
Detected index . Detected index .
reaction reaction
F#filfi Contact enzyme FH 1 Positive 75 TH & IR . 208 Phenylalanine dehydrogenase 4% Negative
F M Oxidase [ 1 Negative 2%(w) NaClfif £ 356 Salt tolerance test with 2% NaCl FH¥: Positive
B /K fi# Gelatin hydrolysis A1 Negative 5%(w) NaClifif £ 0% Salt tolerance test with 5% NaCl FH¥: Positive
V-Pi% V-P test PHT4 Positive 7%(w) NaClfif £ 356 Salt tolerance test with 7% NaCl FH¥: Positive

AR R Propionate utilization
JRAGRE: Urease test

W5 AR5 Indole test

TR #2348 )i Nitrate reduction
&R R /KR Tyrosine hydrolysis
pH5.7/A1% pH5.7 Broth

FA 14 Negative
FA 14 Negative
FA 14 Negative
BHYE Positive
FA 1% Negative
BHYE Positive

10%(w) NaClfiif £ 134 Salt tolerance test with 10% NaCl
JER K Starch hydrolysis

HIEBE 12 Glucose acidogenesis

FriEER R A Citrate utilization

% 2K fif Casein hydrolysis

pH6.8/413% pH6.8 Broth

FH 1 Positive
FH 4 Positive
FH 1 Positive
FH 1 Positive
FH 4 Positive
FH 4 Positive

74

99

MT538490. | Bacillus velezensis 3618
MT605412. 1 Bacillus subtilis HZMIW 1-10
MT229226. | Bacillus siamensis cll
MN841779.1Bacilus amyloliquefaciens LMN4

MN756640.1Bacillus amyloliquefaciens HR55
®
EF472261.1Bacillus subtilis QD517
EU489517. 1 Bacillus subtilis strain TC-1
FJ705346. 1 Bacillus amyloliquefaciens 19E2
KC790265.1 Bacillus methylotrophicus PY 1
KU161297.1 Bacillus amyloliquefaciens BPR142

L. NR _075005.2 Bacillus velezensis FZB42
NR _118950.1 Bacillus amyloliquefaciens ATCC 23350
NR _115283.1 Bacillus axarquiensis CR-119

0.005

2 {Kk#& 16S rDNA [F5IHEH E3 B RR LB
Fig.2 The phylogenetic tree of E3 strain based on 16S rDNA sequence

NR _025241.1 Bacillus aquimaris TT-12

NR_112637.1 Bacillus pumilus NBRC 12092
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M 1 2 3

M: DS 5000 marker; 1: 16S rDNA; 2: A 5% 2F AT 14 p- 1 i S w2
B51; 3: AN 2 AT IR - T B SR M2 T

M: DS 5000 marker; 1: 16S rDNA; 2: f-mannanase gene from Bacillus
subtilis; 3: f-mannanase gene from B. amyloliquefaciens

3 pEHEREREREFTFRIET IBERIKER
Fig. 3 The electrophoresis results of specific amplification
of f~-mannanase gene sequence

BT 2017 4 12 A 7 H R T A B ST UK
R o R B SRR 0 (CCTCC), TR 5
4 CCTCC No: M 2017768
2.2 B. amyloliquefaciens E3 1555 /& = &EE MR

RINEFRE

o FEFF BRI LAy il 22 b T O I o 2 A
FEUHANRE YD B LR, TS U B R Ik i 2
AR SRAT ) S A Y . i€ E3 PP ANTE
Y i) s LS 7 3k, 8 LR B3 T0 R B TR AT T
Bl )R/, AN 5 Fiis P B IR B b i 1 E3 P40
TETEY A 2 R IR AR (K 4). WKL 4 AT RLAE
TEE IR F K YPG R, E3 R TC B B 57
)47 Pl i K, 3 B JFG 0 81 i A7 #0019 )
W%, #UkFE YPG B FR 35 9% B3 WARIR TS
i
2.3 B. amyloliquefaciens E3 [£{§ D. zeae EC1

&M FHIREREN

FE/KFEF T B8 R B KFEEEE R B D. zeae
EC1 A LARGINAR G, 1 BOh 71 2 J6 42, A 7o
RS, R EAHK. KT T LR
E3 535U D. zeae EC1 A7 B /K Fa A7 1) b5 Rk
55, L€ E3 TR AE 75 0] LAFEAK D. zeae EC1 X H
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Fig. 4 Results of medium optimization based on the
antibacterial activity of cell-free supernatant
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Fig. 5 Antagonism effect of the sterile culture medium of
Bacillus amyloliquefaciens E3 strain on the inhibition
of rice seeds germination by Dickeya zeae EC1
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Fig. 6 Antimicrobial activity of crude lipopeptides
extracted from Bacillus amyloliquefaciens E3 strain
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Fig. 7 Inhibitory effect of crude lipopeptides extracted from Bacillus amyloliquefaciens E3 strain against Dickeya zeae EC1
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Fig. 8 The antimicrobial spectrum of strain Bacillus amyloliquefaciens E3 strain
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Fig.9 Determination of antibacterial activity of each
fraction isolated and purified by HPLC
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