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BT, FER B IR Bk, 456 5 R 30 R 00 2 TR A8 TR o L B R W RE 7R B A 4 L R B 2 A BT ARAK JS TR AT R AL
R GERF, FHIk NX 7 %5204 VESEST 2F 0T B (Bacillus velezensis) , Y [ EAZ A 1.15 cm, H KRN &6 Mi-
nocycline.Lankacidin C % Rifaximin 5§ 3 FPEEEZSACHT4), Horh Rifaximin f0 B8, ECs 2N 287.66 pg-mL™" . IR
R ARG S EASIRIG S5 SRR, TR NX 7 U@ b NE R 11 g L VAR 7 ¢ L' KRs: 11 g L', BE K
B 5 At B FR FE WG pH 6. 35 R IR EE N 25 °C H4i8 N 180 r-min' . LK 5 Bk NX 7 1015 18] B 4% e o AL PR32 75
93.48%. £E LTI, Bk NX 7 X625 22 T W55 0 T FL A O A3 B R 28 R I8 7 05k R I AR AL T 3 s
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Identification, optimization of fermentation conditions and analysis of an-
tibacterial substances of biocontrol strain NX 7 against Ralstonia sola-

nacearum

Li Naicheng', Guo Hongshen®, Chen Xiaochuan', Du Shugi', Zhang Miaomiao', Zhang Yan'

(1. College of Modern Agriculture and Environment, Weifang Institute of Technology, Weifang 261000, Shandong, China; 2. Angiu Coun-
ty Bureau of Agriculture and Rural Areas, Anqiu 262100, Shandong, China)

Abstract: Bacterial wilt of ginger caused by Ralstonia solanacearum, is the destructive pathogen of ginger throughout the
entire growth cycle. Traditional chemical control methods have many drawbacks such as poor efficacy and environmental
pollution. Thus, it is urgent to establish an environmentally friendly and highly efficient biological control system. To in-
vestigate the resistance potency of plant growth-promoting rhizobacteria in ginger to R. solanacearum, one strain, marked
as NX 7, was isolated from ginger rhizosphere soil and exhibited potent antagonistic effects against R. solanacearum.
Morphological observations, physiological and biochemical examination, and molecular biological identification were de-
ployed to classify the antagonist strain. The antibacterial activity of NX 7 strains was quantified through agar diffusion
method. Single-factor experiments and orthogonal tests were subsequently conducted to optimize the fermentation medi-
um components and fermentation conditions. The strain NX 7 was identified as Bacillus velezensis based on the multiple
methodology. It formed an inhibition zone of 1.15 cm in diameter and produced Minocycline, Lankacidin C and Rifaxi-
min in fermentation broth. Meanwhile, the Rifaximin exhibited the strongest inhibition effect on the pathogen and ECs, is
287.66 ug-mL". The results of single factor and orthogonal experiments showed optimal growth medium for strain NX 7
was contained peptone (11 g- L"), beef extract desiccant(7 g-L™), and zinc sulfate (11 g-L™"). The best fermentation con-
ditions were determined as initial pH of 6.0, temperature of 25 °C, rotation speed of 180 r- min™'. The diameter of inhibi-

tion zone of the optimized strain NX7 against R. solanacearum increased to 3.56 cm, which was 93.48% larger than fer-
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mentation medium conditions. In summary, the strain NX 7 exhibited a strong antagonist activity against R. sola-

nacearum. Optimized medium and fermentation conditions enhanced the antibacterial activity of NX 7 strain, which dem-

onstrated its potential as a biocontrol agent.

Key words: Ginger; Bacterial wilt; Bacillus velezensis; Fermentation condition; Orthogonal test; Polyketide metabolite
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Dot S b A R AR A K AR A B e
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FEARFAR) To 7K I 78 4 SR B W o $R IS8 S
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240 r-min’.
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s A, Wit 3 R 3 K IEAS IR, DU e bk
3R a5
1.6 MILIEFER LB ZGERNX 7THREN
oA

FEE S B NX 7 23 Sl e N 0 e T 355 7 ik I
AL B R e BRI 5, 73 SIAE pH 7.0.180 r- min'
28 °CH M KM JG 55 77 56 AF R 5 9% 48 he BN
HES 6 K. FIRGR)G, KBTS Ho2
SEBMR NX 7 KR ERDAEE ST 17 sPuatE
1.7 Seitoth

K H Excel 2021 # 47 # 4 4t i, >k A SPSS
22.0 HH4T B[R & 5 % 55 BT (One-Way ANOVA) K it
ST K5 (Tetest) , K OriginPro 2024 % { 1
il

2 RS0

2.1 EHNXTHIUEEREE

211 BAHNXT7@HRERFNE HEHENX7LY
48 h PRI , I B P AR A BT 73R B A
PR NX 7 XA 25RO ST 17 7242 T B 40
HIRN, M B EAAIE 115 em (B Do [FF, H R
NX 7 JC B 3 W78 ol 5 A2 22 5 A B ST 17 7

AR AN ROR , 100 B ELARIX 0.92 em.

Bl 1 Bk NX7EEFHBEHRE S 17 HHIEH N

Fig. 1 Inhibition effect of strain NX 7 against

R. solanacearum

2,12 HEARNX 7898 SR A 3T A& A
PENX 7 T NA FARNEEFE 48 h 5 , SRR TE A& W
K2 fos. BRE NX 7 BE SR A6, FEN, TBIR
ASFR, B, BBk, RimALRE LA B 45,
B YL O P .

2 B NX 7 HEEES
Fig. 2 Morphological characteristics of strain NX 7

B3R 1 AT, B bR NX 7 et 5 S, 1 Ak
I V-P AR5 K g W e 251 g BA A, AT KA
FB < N 5 BB 1) FH LA R8T A 0 R T R W
W 25 BFTIR, AR NX 7 04 3 AR (bR 5 I
SET 2R UK 1 (Bacillus velezensis) Z .
213 WHNXT#9TEBFER EHHENXT
(116 S tDNA RSt % H W W& 3 Ffros , Bk NX 7
5 R 8 (Bacillus sp.) oA —25, H 5 VST
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Table 1 Physiological characteristics of strain NX 7

RIG T H Ttem 25 9L Result

I H Ttem 25 Result

ek 5 48 Facultative aerobic +
A SR Catalase test +

AL AL Oxidase test -
7| W4 Indole production test
V-P 55 V-P test

Ve 7K fi# Hydrolysis of starch
W /K fi# Hydrolysis of gelatin

+ o+ o+ o+

FH LTS Methyl red test +
10 %NaCl +
4°C

FLBE Lactose
% B% Glucose
‘H & I Mannitol
HEHE Sucrose

+ o+ o+ o+

T =+ R

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

Bacillus velezensis strain KACC 15861 NR (MK235124.1)

100 NX7

Bacillus velezensis strain HAB-2 NR(MT375545.1:14-1456)
Bacillus velezensis strain 19742-2 NR (MK780002.1)

43

Bacillus velezensis strain 12-5B NR (0Q509687.1)

Bacillus massilionigeriensis strain Marseille-P2384 NR (179505.1:14-1454)

30

0.1

Bacillus methanolicus strain NCIMB 13113 NR (040985.1:1-1439)
‘Mesobacillus persicus strain B48 NR (109140.1:14-1453)
22— Bacillus thaonhiensis strain NHI-38 NR (125615.1:1-1439)
41 [ Pradoshia eiseniae strain EAG3 NR (173521.1:14-1453)

Bacillus phocaeensis strain SIT16 NR (179429.1:14-1449)
Fusarium oxysporum strain QT123(5) NR (OQ818155.1)

3 RARACREGZIE NX 7 WRFELER

Fig. 3 Phylogenetic tree of strain NX 7 constructed based on maximum likelihood method

AFFE EI AR X RGR E b WAk NX 7
W4 T8 9 DS S AT B4
2.2 BEFENX 7iEM YIS

Bk NX 7 AQ P24 LC-MS 73 45 R K 4
B bR NX 7 ARUPH SR 7E I B4 T il
F| 376 MBS T U, 1B TR R AR I E] 208 4N E T
U, Forp 7E m/z {B (Fifi t) A 456.177 6.458.218 4.
784.342 3 Kb (1) B 1 U6 4y 5 5 4 E R (Y] Minocy-
cline. Lankacidin C /% Rifaximin #H %f i . LC-MS
— R B 4 AR S (B 4) , Bk NX 7 KR
W & F Minocycline. Lankacidin C % Rifaximin %
RBRSAC o

ECso HI DUITAS B Ak NX 7 AN [5)3% 1 727 40 f 400 o
REJ7. BB S AN, &g PE = il 3 5 )
W LR PEA G, Mo Rifaximin #9058 250 58 4
ECs N 287.66 pg - mL'; Minocycline X 2 , ECso A
437.68 pg-mL"; Lankacidin C 41 %R 555 , ECso N
451.03 ug-mL",
2.3 BEPENX 7 ZEEEFEBE SR
231 AHRRBRALAE AN 7R E
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#eh & 6 AT, ANE TR0 B R NX 7 #5 PUiE
PESZIAE 25 . DUER R ZUE I TR AR NX 7 F5 00
P A, 405 B ELAR N 2.39 om, 2 3 KT HoAth &5
AR EE 5 DA PO AR B 5 B TR PR NIX 7 4100 R 3
B R, 0 B LRk 2.86 em, 5 2 KT HAm B UE AL
B 5 SR FH O R A 9 TE AL 25 9 18 ik NX 7 45 P i
B e, T B AR 3.63 em, W KT HAB T HLER
SO LI 3 o N TV SRk = 3 S S /B e ) e
PRI R B AR BB, B R B o e AR TE AL h AT J5
SR

232 ABEAEA;REREGERFALRLE
R HE 7 ATE, B IR AT R IR IR AR Y
SRR MR NX 7 P PUE . UE ARV RER
Wy R BREFIR FE Y N 3 g L I, 8- A B A5 A A6 ) 2]
B AR S . BRERIRBE AL EL AL, B AR AR R
K AL B R AR NX 7 $5 P35 PRI B B 75 56 9 7= IR
HmEEAELE A G NEBS . EARKER
79 J 11 g LB #0742 oA 2.11.3.22 K&
312 em; 2R RRMHIREE N 7.9 [ 11 g- L' i, 0 [
HAED N 1.80.2.65 f 2.51 cm ; B B2 5% Wk JiF
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Fig. 4 LC-MS analysis of metabolites released by strain NX 7
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Fig. 5 Analysis of antibacterial activity of metabolites from strain NX 7
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% 2.83 cm. AL, 8 R AR IR A SRR e 38 ik
£ 7.9.11 g L' 3 MAKFHEAT J5 2R 1E 28 it

233 EHRNXTREEAL LS RER LY
A B NX 7 R BEss 7R 5L 00R R & B AL 3R IR
R EE RN 2. 3 PR E R H B = BRAK KN
R>Ry>R., 3 BF it IR VR P55 78 A0 0T B R NX 7 13
PridtERZ I OK, H O 4 R, e 9 B E Tk,
ZHEBRIMAE N ABICse BIEFE NX 7 K BERE 575
BEFRSHAAENEAK 11 g L' VFREN 7g- L

KMEREE 11 g L

2.4 BEHENX 7 ZEEHRALS T

241 FREEHREAGS pH KRB F BRI RTH
HNX 7 B E e Reh  ASE R 54 X6 B ik

NX 7 #EPUiE s an il 8 Fin. B 1y 7R 5]
B pH. il JE Rl T &, TR NX 7 48 B T2
BRI m e TR ES, pH & T 5.5~6.5 I, 1#
PR NX 7 5 PUidE R, Horb pH o8 6.0 B, F5 07
PR OR, F0 B H A2 2.54 cme 45 FEIRE Y 20~
30 °CHY , T #k NX 7 #5PUiE ey, R N
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Fig. 6 Effects of different nutrients on the antagonistic activity of strain NX 7
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Fig. 7 Effects of different concentrations of nutrients in culture mediums on the antagonistic activity of strain NX 7

*2 AR BRREENBIERKELER

Table 2 Results of the orthogonal test on nitrogen source, carbon source and inorganic salt

% Factor

. - N T A
i AcpCEANRD B:pCH B CpCRmREE) B
) ) . . Inhibition zone
Treatment Peptone concentration/ Beef extract powder concentration/ Zine sulfate concentration/ .
diameter/cm
(g-L'") (g-L'") (g'L'H)
1 7 7 7 1.52
2 7 9 11 2.06
3 7 11 9 2.13
4 9 7 9 2.10
5 9 9 11 1.86
6 9 11 7 1.94
7 11 7 9 2.47
8 11 9 7 1.61
9 11 11 11 1.92
K1 1.90 2.03 1.69
K2 1.97 1.84 1.84
K3 2.00 1.99 1.94
R 0.10 0.19 0.26
A
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Fig. 8 Effects of different nutrients on the antagonistic activity of strain NX 7
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Table 3 Results of the orthogonal test on pH, rotation speed and temperature

A% Factor B [ % Factor 3
Ab B C:H5f Inhibition Ab B: iR E C.H3k Inhibition
Treatment A:pH  Temperature/ Rotation speed/ ~ zone Treatment ~ A:pH Temperature/ Rotation speed/ ~ zone

°C (r-min™) diameter/cm °oC (r-min™) diameter/cm

1 5.0 20 150 1.89 6.0 25 150 2.11
2 5.0 25 210 2.23 6.0 30 210 2.04
3 5.0 30 180 1.87 K1 2.00 1.97 1.96
4 5.5 20 180 1.98 K2 2.05 2.21 221
5 5.5 25 210 2.29 K3 2.07 1.93 2.19
6 5.5 30 150 1.88 0.07 0.28 0.25
7 6.0 20 180 2.05

e ARAGET MR NX 7 550 B. ARAL S bk NX 7 F5Ps Pt
Note: A. Inhibition effect of strain NX7 before optimization; B. Inhibition effect of strain NX 7 after optimization.
9 MMULBIEE NX 7 XEEGRY IR

Fig. 9 Comparison of antagonistic activity of strain NX 7 under the conditions of before and after optimization
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