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#ow, F &, RE, Rk, BER

(I TEBAYRER RS, 127 ¥IFH 122000)

WE: [ BHAY ] Gk A0 S as e A A s K EE N . [k ] RITEARIRE St 8 = 1 458
B P VRS BT AN B, X G e BT R e v P TR R 1A T A B AE AR K 16S tDNA 33T s A HPE AR B ik |
M3 R A HPLC 25 7 ik AW (e T v B 98 . [ 4558 ] JL05ve75 2 8 R4S P4 (XN-1~XN-8),
TP R S 0 XN-3. #£ NCBI R £ 19 /37 LU 25 5 SR . XN-3 55 588 2R 14 (Bacillus amyloli-
quefaciens) 16S rDNA JF 51 B 7] V5 A0 UL 1 £ 55 (99%). XN-3 fig 7= A W0 B AR A RO 9 Z M IR . XIN-3 ]
IR R 2 M, KEARE, DROESHRBEZER. SR, SRR Z, A4
L Ay S5 £ 5 5 T 40 T 2 R IEAIK 89.01%., HPLC (3% 18 o« 06 A-2 P i 1040 A W 0 i B
[ 4510 ] sy st BN HEUAN A XN-3 S fRUEMs ZEAhF i, X o TR 220 it vl ELAT B i I VR T, mT LA
T A M ST ) TR 224 K AT B R R S B o 1SS SR i — A g A B ML BE R T A
SEHEIR): HTAGZN ;. MTER ZFATIE,; 458, MU ERE; MRER
FEDZS: $436.421.13 HRFRERD: A XEHS: 1004-390X (2022) 03—0429-06

Screening and Identification of Antagonistic Bacteria against
Fusarium Wilt of Cucumber and Preliminary
Study on Its Antifungal Effect

AO Jing, LI Yang, LIU Xiaohui, GAO Xiaomei, SUN Yulu

(Microbial Research Institute of Liaoning Province, Chaoyang 122000, China)

Abstract: [ Purpose] To screen high effective antagonistic bacteria of cucumber fusarium wilt and
to study its antimicrobial activity. [ Methods] The antagonistic bacteria were screened from green-
house soil samples by plate confrontation method, physiological and biochemical tests and 16S rDNA
sequencing analysis were performed on the strains with the highest bacteriostatic rate, the antifungal
effects were studied by plate inversion method, hollow glass and HPLC. [ Results] A total of eight
strains of antagonistic bacteria (XN-1-XN-8) were screened, and XN-3 had the highest inhibitory rate.
The results of analysis and comparison in NCBI database showed that XN-3 had the highest homo-
logy similarity with 16S rDNA sequence of Bacillus amyloliquefaciens (99%). XN-3 could produce

volatile compounds which had antifungal effect. XN-3 could make the mycelia curl, shorten their
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length, and the microscopic morphology of mycelia expand and bend unevenly, the growth of branch-

ing mycelia was blocked, and chlamydospore was generated, its extracellular substance reduced the

spore germination rate by 89.01%. HPLC chromatogram showed that the components in peak A-2 had

obvious antifungal effect.

[ Conclusion | The isolated antagonistic bacterium XN-3 was Bacillus

amyloliticus, which had a strong antifungal effect on Fusarium oxysporum. It could inhibit mycelial

growth and spore germination by extracellular substances, laying a foundation for further study on its

biocontrol mechanism.

Keywords: cucumber fusarium wilt; Bacillus amyloliticus; identification; high performance liquid

chromatography (HPLC); antimicrobial activity

B A 2205 2 32 28t Rk V) R (Fusarium
oxysporum) Y B RE N H1E B ERE, TTREE
PR W) 27 3, 9 T I g b A Tl R TR B R S
RUAEM R E R RS, SFEAEY L RE ST
JEAERERN, TSR FIAL A ZE e,
ARSI T, AV R 8™, Al
R ECS AR T T T 22 AN AL T T A7 B e T
SAEY R B, fE RIS AP RE AT
10 4E 2L B9 BT, Aol A= rp 32 2hm it b 24
FIBTIG IS I, AnA e | H TR At e
ALY AT RE , BNV E AR A T
R A A0 T A A D B A AT, (B B R it
A2 AL TS A . IERUK R, A
J BRI 247 P XU, 30 2 P s i) NSRS B
HHT, VBRGNS AT H 46
Tels YR ABIFFE LA A8 ) T B N AL
BB S, 38 o TRt 2 138 i i v
RS TUR MO IR AN, B it — DR
FEREHUAE R A B FHAL B 2 BEE S AR

1 MREREE

1.1 g

IR . JRAAHRIIE (F. oxysporum) ¥ )N
fERL, LT A MAE YR B B o
1.2 FEPUE IR A E
1.2.1 PR imiE

FAL AT 2 BN E BT £ ARRnak,
(N41.16°, E119.68°) i ¥ /I 1)1 it it % P >R 4
TR, B IR AT AR 1.0 g JCE 99 mL
TR, JRZ 30 min, BRERREZE 10° 4%, W%
B 100 pL B35 040 T 5 I i 1y~ L e, 28 <C
K537 24 h, HEReSAE IR B R B AR S B alifh, RD
A5 B0 07 TR AK o ) FH S AR RS 3k ) 0 R %

O 2 L0 IR R e A B AR . T =00 IR
B V& ELAR— A0 BB VR ELAR )/ BR B VR ELAR < 100%
1.2.2 AP E & 16S IDNA 31 EEXT

K F 00 232 4 B 45 45 P i vk 4 A 31 LB [
ARG FREIE ML L, WS VE S M H B ROB
A, JF T A AR . 16S TDNA Y7359
F5M: F: 5- AGAGTTTGATCCTGGCTCAG-3'
1 R: 5'- CTACGGCTACCTTGTTACGA-3', X
NAKRFR EARF 50.0 pL, fFE: k. TSI
1.5 ul, 40 R 4H 1.0 pL, 10xBuffer 5.0 pL,
Taq 24T 1.0 uL, dNTP 1.0 uL, ddH,039.0 uL,
R 4R 95 °C 5 min; 95 °C 30s, 58 C 30s,
72 °C90's, 35ME¥; 72 °C 7 min, PCR ¥
28 1% BiNe WHBE I LUK 5 2% 2 LI IR AR B W+
ARABRAFZERMT . 4 16S tDNA J¥55 Gen-
Bank £54 2 rh A% AT R P 5 A T RIIEYE 3 A, )
FI MEGA A48 47 H XS e by gt & 8RR o
1.3 HE/EAE
1.3.1 3R MW TR 93 5 1 B 22 1R 52 )

FHPEILEFNE, — - FILNA PDA 15735,
FETHULEERN AR 5 mm BUOMIE T FE S, B
— AL LB BARE SR, A5 PUmE AR &
W (AR 10° CFU/mL) 250045450, 2 AFm{2)
HHE O BEE O, IR ER S S, Di2S LB
B ARRE SRR M X R . 28 °C K5Fs, WAL PR
IR ARG, RS 3 M,
1.3.2 FEBUR DN S5 R R 22 T4 B 52

K AR XTIRE S, 4 B2 5 mm By f gk
T W OFHEFRD 2 PDA SR A sy, fERRES
Hls 2.5 om AMEFMEHUR RS, PRBGEE RS PR
— N P TR T 22, OB R MR O AR AR
Mo B I B R — 0 ) I A T 22 R BT Y
PDA }i375E |, 28 C fHIRKEFR, WEHLESH
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KRR, 24 hERVEEREKD, DRkE
e URF A BP9 SRR BT 22 Mt R, AR AL R 1
3IANEEN,
1.3.3 45X TR B % 67 R R )

WAL AN E) 100 mL LB WA F 5,
37 °C. 180 r/min ¥53% 24 h 15 38|F 74 ; BT
W% 2% I L4 3) LB Wik ¥ 35 5L, 37 ¢,
180 r/min }53% 24 h, K& 5000 r/min %.C> 10 min,
FEETUUEMAR, A 0.22 pm JEE T IE, HI155)
T REEW . #3552 5 d s IR i 22 L &
TRV, HH 6 ZZ A&, 10000 r/min 2.0
Smin, FELIER, WHEMT, HEETFKEE
i FIREM, T HEE N 10° 4~ /mL, .

1 mL e R AT IR B S 10 mL @ik
HZE Y 45 C 1Y PDA H R IR G R BEIAY
MLAYRAD, R4, MAEAEIA 100 uL
Tow R, DL LB AR R A2 IR,
I F (28+1) C #5597 24 h, MEEHAHME
BB, IR R E AN, AR E 3 A
AU SRR B 0.50 mL 1 7R Bk 5 Rk
FCH ARG, SRR AR T8 R, &
JERCFEILA, AR R, EERA T 28 C,
ST 2. 4. 6. 8 I 10 h KA T & %L, LA
TCHEACH TR, AR e 3 AN EE T,
1.4 HPLC Hr4tt

K H Agilent 1260 =135 AH €35 3 AT AR V-
enusil XBP C18 {@i#: (4.6 mmx250 mm, 5 um) i
1T HPLC 434, WAt e o0 (A) fglife
K (B) 4HA%, BREEVRMORRE WA 1, JERER 20 uL,
P 1.0 mL/min, K 220 nm, U8RI
HEA TR

*1 BERRERF

Tab. 1 Gradient elution program

A 8k (XN-1~XN-8) XF R 75k ] B A M EH
HHZ 2 AT XN-3 I R im, N 71.81%,
BCERE XN-3 17T F—50 .
=2 Bk XN-1-XN-8 S EHERLER
Tab. 2 Results of XN-1- XN-8 antibacterial rate

oL IR /% EERc I /%
number antibacterial rate number antibacterial rate
XN-1 51.16+£0.98 ¢ XN-5 45.28+0.40 d
XN-2 46.15+0.22 d XN-6 35.77£0.51 ¢
XN-3 71.81+1.14 a XN-7 55.48+0.74 b
XN-4 26.19+0.76 XN-8 25.23+1.07 f

W REFRER 2 7 B2 (P<0.05); .
Note: Different letters indicate significant difference (P<0.05); the same
as below.

22 BT RAFAAEE

M TAA: XN3HEEEAM, TR
W, R T, AREEMES, BN HEERER
FEAR, TAEIRDE 2E40, R 22 [ A 00 2 B
I A PA I S5 R (3R 3) IF4E G (LA

1 XN-3 7£ LB &% % (a) FLEF
EMRET (b) BRSHHE
Fig. 1 The morphological characteristics of XN-3 in LB

medium (a) and light microscope (b)

3 LHE XN-3 EIBEWAFE
Tab. 3 The physiological and biochemical
characteristics of XN-3

I 81 /min TREIHA/% BB/ %
time mobile phase A mobile phase B
0.01 20 80
5.00 20 80
33.00 80 20
38.00 80 20
40.00 20 80
45.00 20 80
2 HBRESH

2.1 FEPURE LA R
SRR A P L R AR R 32 Bk, Hih

R H ford g5 R far Iz § e gt R
test detection test detection
items result items result

V-P ¥ TER KR n
Voges-Prokauer reaction + starch hydrolysis
FARRR R FEBE 7K AR
citrate utilization + sucrose hydrolysis +
A B HLAL IR K 7t
hydrolysis of gelatin + urea hydrolysis +
REWE R B 1] I 5
sucrose fermentation + indole test -
H R K B N ety .
mannitol fermentation catalase test

e B — BT

Note: +. positive reaction; —. negative reaction.



432 Py I )y N = 22

537 %

RGUE T W) "R IS0 w8 2 T ) 17,
B XN-3 25 0 ZE AT 1A
2.3 THEEE

¥§ 16S rDNA 751 55 GenBank ¥4 /% P 1%
TR AT WA B, 45 2R R bk XIN-
3 5@ FE R ZE T B (Bacillus amyloliquefaciens)

16S rDNA J¥ %1 (1 [ J5 A8 L 5 . 8 99%.
M 2 AT BBk XIN-3 5 e 6 2E A
B TR —4r 3, 456 WAAOE SRR A B E
TS 45 1, Al XN-3 b il JE 0 28 f
B H . 7 %) 4% & Genebank, 3K BU %5
Jy: OK465112,

NZ CP053376.1:9815-11241 Bacillus amyloliquefaciens strain WF02 chromosome complete genome

76 XN3

99| NZ CP053376.1:97405-98831 Bacillus amyloliquefaciens strain WF02 chromosome complete genome

NZ LSAZ01000028.1:142-1568 Bacillus nakamurai strain NRRL B-41091 Bacillus-sp-B-41091 contig 34 whole genome shotgun sequence

76 NZ PELK01000474.1:1-1255 Methylobacterium frigidaeris strain IER25-16 C23285 whole genome shotgun sequence

49

NZ QFRW01000020.1:127-1552 Glycomyces dulcitolivorans strain SJ-25 scaffold 20 whole genome shotgun sequence
971l NZ CPO11150.1:591164-592589 Bacillus altitudinis strain W3 chromosome complete genome
NZ LJIC01000004.1:78639-80066 Bacillus shackletonii strain LMG 18435 super 11 whole genome shotgun sequence

478 NZ CP015506.1:33083-34509 Bacillus oceanisediminis 2691 chromosome complete genome

NZ QXIR01000081.1:1-1384 Bacillus salacetis strain SKP7-4 whole genome shotgun sequence
NZ CP031443.1:287015-288443 Bacillus mobilis strain ML-A2C4 chromosome complete genome
891 NZ RCHJ01000063.1:72-1499 Piscinibacter defluvii strain SH-1 contig 063 whole genome shotgun sequence
NZ CP053376.1:2980530-2981956 Bacillus amyloliquefaciens strain WF02 chromosome complete genome
W[ NC 006270.3:3121828-3123255 Bacillus licheniformis DSM 13 ATCC 14580 complete sequence 6_‘1

B2 XN-3 #9165 rDNA RE4 B A
Fig.2 The 16S rDNA phylogenetic evolution tree of XN-3

2.4 HEEH
2.4.1 FER N6 T R R 42 1) RS

Hr Pl 3 AT X IR PR 22 A KRS AT, T
iR, HARAERZAKIER; AR 2%
M, KBEEAs s, DLBH XN-3 REf% ™ Az X I 1
22 A KA MHIE A R MEAUA

B3 IERLH (a) FLLIRA (b) HIE LTS
Fig. 3 Comparison of mycelium morphology of control
group (a) and treatment group (b)

2.4.2 FEPUR O 5 TR B 22 (1) RS R

M 4 v X HRAL P 22 an sy, Rimt
W, A, WENEARSSE, AR
Trode; AR 2R . SR, A
A1, WG IIE, T BRI 452,
IR 2R R AZIE, AR AR

Ml 5 mTHL: 78 72 h P, ACEREH TR HAR
124 10.06. 21.00 F135.00 mm, ¥J/NTRFREL,

a)

4 AFEHETIRA (a) F0
LLFRLE (b) K22 TS ELER
Fig. 4 Comparison of mycelium morphology of
control group (a) and treatment group (b) under
light microscope
80

[ m X} HE4] control group
- 0 4b3HIZH treatment group

N
I % HAR/mm
colony diameter

e TS I~ B e N |

oS &3S 3833

=]

24 48 72 96 120 144
A ) /b
time

Es5 ELEKERLER
Fig. 5 Comparison of mycelial growth
Dl AL B BT 22 AR AT 2R, (HIF R SE 4k 2
A KAES) s BEE R, 96 h 5 XS R4 AIAb 3
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H T HAR A
2.4.3 AN SR B B AT R R R

HI 2% 4 RTHT: JCTR & B AT X D o 7 AE
EEH, IR EAA A 18.23 mm, DAl XN-3 i

SN R A A IR R RIE, b BRZE A
W R BRRAG, IR T el knt, AbHE
HHF 0 R FAU N 10.23%, LB XN-3 Toi K%
RO R PR B A T S A R

R4 XN-3 TEABRINHEEE T AL

Tab. 4 Effect of XN-3 aseptic fermentation broth on spore germination of pathogenic bacteria

Ab R 1 /X %./% spore germination rate 44400 2 P % mm
treatments 2h 4h 8h 10h antibacterial circle diameter
X4 control group 12.56+1.06 ¢ 53.23+1.57d 87.3242.49 ¢ 98.65+0.92 b 99.26+0.83 a —
JEFRA treatment group 3.20+0.12 ¢ 5.36+0.14 d 7.02+0.54 ¢ 8.35£0.15 b 10.23+0.47 a 18.23+0.36 a
T — AR
Note: —. no inhibition zone produced.

2.5 HPLC 7rHr4h

HH &L 6 AT . TJC e & v 3R 40 5 1 2 A
R BRIEE]) 535K 29.728 (A-1) i1 35.858 min (A-2);
WETE LA A 116444 F1 198887, WA 4E H i A% 43
AT PR, 455 (8 7) oR: 1§ A2
BT AR L, BRI EE .

5.0 %) 0
> % &%
E% £ 25t Q|4
>
23
mEgE 0
-25¢ . . . J
0 10 20 30 40

£ B 1] ] /min
retention time

El6 FTEABR HPLC BiLE
Fig. 6 HPLC chromatogram of sterile fermentation liquid

E7 I#A-1(a) 5% A-2 (b) R HVHNELER
Fig. 7 Fungicidal activity of the components of
peak A-1 (a) and peak A-2 (b)

3 g

IAOHE I R AR IR, BTz,
TEBEAO Az 7 T ARXER G, 0 A AR i B
HRR) B = R A IR LR, R, R
A2 B IA B 3 ™ B A R 75 e L F e AR f

B, B, NS EAEYIBRGEAR, Ttk
TI R RE DU R . BB IR s . R HAE
FHBLIE I 53 H: H [l B v SR A 2 i S
SRR o ANWESE LR AR R T R 1Y R
R 2 AR R T B RS PUR 8, 193 1 Bk
R R IR 71.81% B4 B B bR XN-3, 2 805E
D FRTER ZEALRT T, TR R 2R R S A6
TIREAY R MEER, X 55K3E8 50
HEW—3. WA, WIEm F AT RE—FEA
Iz EAE AR, A RS R B AR AR
MR TR (Phellinus noxius) . 13 E¥ERE (Phytoph-
thora heveae) . /Wl Z E A1 (Pestalotiopsis mi-
crospora) F1JR 0 7% JH 95 1 (Colletotrichum acut-
atum) 55 22 g I 5L T BAT B B 30 R RBOR Y,
PRI, XF XN-3 B A58 B 5 ) R i i FH AN 1A
TXAMSEAI 5 1 B S TE

AWFFEFRI . XN-3 GEWE ;™= A=A T B E H
FEREYI T, AR RN fRIER 2 AT T e
PR AR R T R R A TR LA R 2-ZS A 11 Fh
FERMEA VLY (VOCs), XEeHPLY# T LA B
0T T R 2205 TR T 22 2 K St i R, R
S8 45 PR T GC-MS WF 5% fift V€ A 2 AT
LJ02 J= A= ) 5 & M S AR T 22 Fofr SR 248 3800 1 B 1
I, FEREXT RIS K 72 W (Valsa mali) . 5% KB
i B (Botrytis cinerea) F1 ¥ 3¢ U5 & (Alternaria
spp.) A W IHIBCER, MERBKT 50%. A4
FEW IR . XN-3 AL R R T 22 B il KR AR
B, WEOEAS IR LI KRS A, SRR
222, 3k S i T TR 22 A AR TT g 2
1T XIN-3 77 AR B4 B R 1 s D T T 22 4
s R HPLC AR, b sl 2 25 i i 4%
WEZH 53, (e A-2 Hh R BN TR ] T H A B i
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IVEAVE R 88 o AR 35 55 ARSI 5%
RI: FRUE R ZE AT B0 e JR TR A 22 2 A R B
AUBE SRR ; ARREBOLA ZEP7RF5Y & PR . fift i
By ZF AT TR PPCBO04 X 7 %2 J L T4 Y 141 22 4 fif
AIRZUARIER, Reddl AR X8
GO R . R TER ZF AT TR BA-26 A TR ZH
43 TR BT W B 6 JK A % A9 (Botrytis cinerea)
flF i A AR R . X IR I SR T ff e
K3 ZEAOAT R AT ISR AT, [m] Aot 150 BT i i A
AT TR A T 1 vh AT B B A AT R A B Y
R K A AR 2 W A Ak R e, (BAE
AWFFE T XN-3 SR BT0 F i  Fh 2 S 2R Y
MR M AN, AR PR RIS

A FETRE T 1 BRI TR 2855 o A A D A 2 1
FFER XN-3, 1] R4 J A 409 3 2k 6 By da SR AL o
PR BT, S HAN R E IR, i
WS A B LRI B BE il SHEEXT AR T T 5 &
(R I e 2 0 LR ) AR 2 S (IR ANy 1w

4 #Eip

AT E BB, + b4y Bk ) 8 RiE
I 22905 Y R AR DU TR AR, T, IR R R
TR R XN-3 SE5E Rl TE 8 2R AT I (B. amyloliti-
cus)o XN-3 REAE ™ A=A MR A M ot
RefE IR IR R 2244, HRAMY FTREE A 4K
HA R S P W A, HOR R 5> A2 R
A A BV E R R LA
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