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OB UTARAL T DB AN B 1 BE ST [(Xanthomonas campestris py.vesicatoria (Doidge) Dyel 5 4 7 5, #2447 (194t
3 s A 7 B L AR B M B 5005 B BWB3 S A SR A T AR Ak A1 6 B W SR & W vh 43 B8 4R A5 1 Bk iR AL
A= B SF18-3 gtk — 2L W SF18-3 (¥ A= 5 vk 1 , ) 1 40 1 ol vk O Ao s A A B 2R P I, SR P XL AR I V0 G
BT R 6 M A1 i P 00 2 P R R T DA R ) AR B YR AR, IR i SRR AR AR AR 16S
tDNA PN H i e oAy IS 0T o 25 SR8 - L NB O 3L RE% 372 56 140 v min™ fH I8 30 'C& % 84 h )5 SF18-3 N T AR i
T, 52 B AR T e 5 A SRR R TG M v, 20 90 h 536.13 U 17155 564.22 U« L7 S R B A 1F T S MU B P8l A%
93.40 em, AP IARCRIA 70.17% ; AL WLEE SFI8-3 WA R AFIR AT 27 /i 2 [RYe A 4 [fHE . 16Sr DNA P4 52
P UL SR 3UT 2E AT B (Bacillus velezensis) OK169608 X (B. velezensis) OK 147645 8 J—2 , 445 H S U 25 5 4 AR AL BRAE
) A SF18-3 2y D3RI 27 LA B (Bacillus velezensis).
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Identification and Evaluation of Bacillus subtilis SF18-3 Against
Bacterial Spot Disease of Pepper
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Abstract: In recent years, bacterial spot disease of pepper [Xanthomonas campestris pv. vesicatoria (Doidge) Dye] has
occurred seriously in Liaoning province. In this study, a strain of biocontrol bacterium SF18-3, known for its high efficacy,
was obtained from a mixture of animal manure using the dilution plate coating method. The target organism for this isolation
was bacterial mottle blotch BWB3 in pepper plants. To further clarify the biocontrol effect of SF18-3, the optimal
fermentation conditions were optimized by antibacterial zone method, and the 6 extracellular enzyme activities were
determined by double antibody sandwich method. The antibacterial activities were determined in laboratory test and the
control efficiency were evaluated in pod experiment. The taxonomic status of SF18-3 was determined by morphological
characteristics observation, physiological and biochemical tests and 16S rDNA sequence analysis. The results showed that

SF18-3 had the best bacterial inhibition effect after fermentation for 84 h at 30 “C with NB as the basal medium at 140 rmin™".
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The protease activity and xylanase activity in the fermentation broth were higher, which were 536.13 U-L™ and 564.22 U-L™,
respectively. Under optimal fermentation conditions, the diameter of the transparent circle was 3.40 cm on the plate and a
70.17% control efficiency on potting. SF18-3 was rod—shaped, spore, Gram—positive bacterium, and 16Sr DNA sequence
was clustered with Bacillus velezensis OK169608 and B. wvelezensis OK147645. According to colony morphology and
physiological and biochemical characteristics, strain SF18-3 was identified as B. velezensis.

Key words: bacterial spot disease of pepper; Bacillus velezensis; extracellular enzymes; control efficiency; identification

PR PR P B 5.9 (bacterial spot disease of pepper), XCFRZN BT HE M0 , F T 70 =56 8 2P P 00 A2
P {(Xanthomonas campestris pv.vesicatoria(Doidge)Dye 5 | #212!, J& tH BB 7= 3% 3 & A — 41 5 1
W, R FEONFAY R AR REKBUR B, JE TR BRI B 5 S0 TR s
iR, G 1 gL i o FREARE = RAE 1991 AR A 10 R AR AR AED, I AT R A R AT
TG E W R A, U R BUR 10% ~ 20% , fEFE I 80% LA L, S BB oIk A L B AR
Ko A7 iz BB i S AT 5o i A Bz A2 4 245 i P AEUIBOABUE A1 0 00 0 T A A 45
a5 1), R B0 O e ot P LA SRAS! T T A 27 AR 245 KB I B I e P 2 M T G2k AR IR
B F B A MERE N, ARG BT E R FRROIC AR, U A A R RO R
S TB, AU 8 (Bacillus)VE D — 28 B B A B ST I8 AT 5y AR AR D P Mo S ST
SR LEAE AR Iz B AR B A v b TR B R S B S R B AR R 5 | B Y B SR
I 7 T E M 2 A AT TR (B. amyloliquefaciens)e 35 B ZE AR ™1, DUSERT ZE /AT PR (B. velezensis)f&
AT h B IS S SR ) — 2R, AT I IA LR AN e RE S AU R Z R A
BN S R RS, ARHFSE LB B M B 2508 B (Xanthomonas ewvesicatoria) BWB3 AR AR
SR IR A TS N S W ZENETR & W h 43 B 13845 1 — RN BRARUAR P 1 30 s A B S 40 o 4 P 1 2
U SF18-3 . TEMLAL SF18-3 Al S5 A HiT H2 T ) T BT M e o 12 I R HC & TRV v 6 o i /eI 1 3
o 2 ARG 5 AR B VA 1B E T SF18-3 X T AY BIIIARCR s 45 5 L SR E AR BEAE 1150 5 168
tDNA JF 55 Mr 485 5, B A SF18-3 4 DL 33 ZEF0AT T8 (B. velezensis). ANHIF 5T 2% S ] Ay BN T 1 B 451
S LE W B IR BT A B R, DT AR AT &R R Ak SF18-3 SR B4
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1.1 ##8t

A IABRB AN PR P B 25U TR (Xanthomonas euvesicatoria) BWB3, B 1L T 48 MV B2 Be Al W) O 4 i 5
Fr e SAEYIR I o AR o 5 22 EQ B X BE R R KA AT 1 (Escherichia coli) EM2, B34 BHAR .
FEFREIR SIS oY A . R EIARUS: Fh o “early calwonder” , HH 1L 7248 AR\l B2 e 5% SR WF 5% P
ORI P2 AL R AR RUOE I T B M S8, PR IR 4 B B I RIE 3R 5 (beef protein medium,
BPM). 4= A E B AR AR TR 58 5 T IRIG SR SR [ 1 5 R 20 Wi S o A ilon) & 3 L ifg
BRI AE B A PR A A . KR 245 0.3% P05 =K F), 14 1L T BHEY TRABRA Fl ;46% S AL
R A A EORE ), W 32 AR A
1.2 7Hi&
1.2.1 BWB3E Zizfed  Fraifb i B0% EERBWB3FNAH R 225 CRrE 553272 h, THE &MU T
R A ) B A I T 7K P T ) e A 1} 107 efu - mL ™ PR B R R, FH T 2 B A ) ) 45 o
122 ABEBRGLSH  T20220F20234E NIL T TR D3 A6 RIS TIHIEG LT
FENEIRA Y, R ARG BRI A VL 4y B T e A B s bk o 40 346107, 107, LOTR A& W0 BRI A T4
RV B I PRI R 0 B AR TR, #5107, 107, 10 R BRI 23 iR A T 5 T RIS R S &G [ SRS 5
FLH SRR . WA e AR T25 CHEIRRE %2 ~ 3 dMIERAN A A KAB UL 5 ~ 7 ISR LA 5 ik i A=
KAEOL . B3R ER . PETEFRHEAS [ A PRSI 4 CORAE,
123 W FAAHE K121 1 BWB3REEMR(1x107 cfu-mL™) 5 mLE AR %45 ~ 50 °C 45 mL
AP E AR R BG FR kb 1 R B D 1¢10° efu - mL ™ Y 35 B AR
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124 AB@EMH  SRAMEELL . 0 aifb i) 4B idk T248 R B ARG IR 3625 “CH 3R 72 h
Joi , EH AE RO CE T3 B P Acb g, 25 “CRE R4 ~ 5 I I AR, 3 A
1.2.5 RBEEMAL DA B RIS 37 30 SR G R 3, 108 SF18-3 R [l & I 45 14 - K IR
] (0 ~ 96 h) ¥ B (10 ~ 40 °C). %% (100 ~ 200 r- min™), ®J 4 pHAE (2.0 ~ 10.0), 25 £ A [] & W 2% 1 X
SF18-3 I B A 520, LATC FEINBE; R R 25 X AR A B3R R A
1.2.6 SFI8—3fL sl & w2 R ADWPTIRIC Ok o BHR G 3% o0 B ik 30 &0 2 SF18-3 e & e 2%
PR ARAS ) K W P T T (lysozyme) 25 1 i (protease) . JL T B fiff(chitinase) A S B i (xylanase) . £F 4
ZE #(cellulase) S LA (acetoacetyl coenzyme A )G PE
1.2.7 SF18-3Fr &8 R M T
1.2.7.1  REVRESFIS-3H@ &M 4 & O KM T W AU SF18-3 R M (1x107 cfu-mL™, Ji%k
[1.2.1) 1 mLAZRN T2 47 150 mLA= R F AL ORI AR SS 72 25 19250 mL = fff b DA A R e SR 3G R IS
B[R IXEE W, 22 I G B KA R BB B 1) /3 10% . 50 100x . 500 , 1 000X B % , 1 T35 PN I 06 PR 5
K AF IR RV
1272 ZAPEEEMNE SRAHSEMIE . JCH AT P00 K5 0 A4 FEARCE T 1.2. 30 B &
A E TR L2, 7 AN [V B SF18 -3 B 200 wLiE A A HEAR P, 25 “CF &I 74 ~ 5 dJ i 12 90 7R Pl
HE,3KEEA .
1273 &FFHRE TUTELDPRERREG I T . SR THR 7 WA B 8 i Bt
W AT, R8N AL B SF18-3f 1%, 10X, 50% . 100 , 500X B ¥ 2 0.3% VU 75 & 7K 57 57.5 mL -
(667m*)" ., 46% & A AL /K 43 BOKL 77150 g+ (667m?) " 58 /KX B, 27 1 RN M BE 93X 10° cfu-mL' BWB3
PR AR VR (O 5 TR 1.2.1)35 ) MW 55 38 BRSO i 19 10 S 1™, 280 H 43 S0 84 Ach B 247 Y 141 ) M W it v 5
1E ST, IR N E . 7 A B2k 25 , 14 A 2 422 Fh AR Fr A B 50 4596 175 4 i) i o
W N T TR TR A

9o T 3500 3 AR ER: O 2« A I TR B 5 1 % G B6E o I TRT ALY 5% LA 52 9 i B o i T AR 1)
6% ~ 10% ;3 F - 35 BE (5 W TR 11% ~ 25% 5 4 G - 96 BE (5 TR 26% ~ 50% 5 5 9% < 8 BE 7 0 T R
50% L) |

TN A IR 5 BRROR

T8 =S (B ARG B G F O/ fie e AR x ] 22 250 % 100 (1)
B 15 R (Po0)= Otk B 175550 — A B 155 15 50/ %8 B 175 415 i< 100 (2)

1.2.8 HARSF18-39 %%

1.28.1 BEIWRL AR AMNKE SROEDEUFRITIE S CE ILAH R 5458 0E TP 5 X SF18-
SHEAT IR BE IR R AT A S AR AR AR ST A R 5 58 |, LKA HT B (Escherichia coli) EM24E
Ry B2 [ B X R R A

1.2.8.2 16S tDNAFZ| 547 i+ 5 ke 5k = H LR ﬂﬁ%(cetyltrimethylammonium bromide , CTAB)&:
PEHUSF18-3FL I AT DNA B U™ W 22 1.2 % 3 HE WH BE I FL UK , - FH 58 053 Y6 BE T 2 OD g0, -
R e i R 4 B Jy , R4 T 16S TDNAY 3, 7= A FINEPO25- 1Y) B [R5, i Ak 5 [ B B AR R A
FRTAE A EIF . 168 tDNAY 84514 9 . 27F : 5" ~AGAGTTTGATCCTGGCTCAG-3" ; 1492R : 5" ~GGT-
TACCTTGTTACGACTT-3"

1.3 g4I
1 FH Excel 2016 % IBM SPSS Statistics 24 #1750 #8 501+ 5 7 22 450#7 o
2 HER59H

2.1 HH¥SF18-3M9 B 5%
MSHZENEIR A T B AR A 250 0 21 B« 40T 13 Bk LA SR R 30k, [ 1 X BWB3
HAFIVE B 4 BREBR , Y 4R . Hodh SF18-3 M ERUR BT, IR BBl A 35 M, B A2 R 2.95 em,
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Figure 1 Screening for biocontrol strain
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Figure 2 Biocontrol strain SF18-3 fermentation conditions optimisation
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Z2H IR 30 “CHEIR 140 r-min” 17555 84 h J , FIM
ORI 00 8 & e b 6 R i 1l s M o il

fitF 15 PEEnzymatic activity/(U-L™)
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HUCH R FIRRFTE 536.13 U-L7, AR h 2.1 HONG LTINS AKHENE NG SFAERNG 2SN
5 Protease  Chitinase  Xylanase Lysozyme Cellulase Acetyl CoA

%% A 135.02U- L_l 5 J—LTE%\‘@@ 131.77U - L_lo t t H@ﬁl‘;&Exlmcelh}:lar'enzyme N
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55579 U-L(K 3). Figure 3 SF18-3 extracellular enzyme activities
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241 EAMEHFE  BEARIATAN, Bk R BT A B SF18-3 1% 1< F& VU4 B0 B BW B3
PSR b, VST B ELAR R 3.40 em, LEAEALHTHE IN0.45 cm;10x .50, 100 , 500X [ W 117 77 el EL
439 42.82,2.25,1.68, 146 cm, 1M SF18=3 /4 1 000X B & X BWB3JLHIHI/E . 0.057KF R SF18-3 7
W6 A 3 2 (R A L R 2R

500 X ~— #1000 X
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Figure 4 Indoor antibacterial activity experiment with different dilution ratio of SF18-3 bacterial solution

®1 SF18-3ENMNEFENE

Table 1 Determination of indoor antibacterial activity of SF18-3

Qb PR AT AL T B B A% fem
Treatments Dilution ratio of bacterial solution Inhibition zone

1 1 3.40+0.05*

2 10 2.82+0.07"

3 50 2.25+0.04¢

4 100 1.68+0.10¢

5 500 1.46+0.04¢

6 1000 0.00+0.00"

ARV NG FREH 0.05 K- B2 R, T,

Note: Different lowercase letters mean significant differences at 0.05.The same below.

242 WEAEGERE B ARG 14K A g LR (815 . 262), BEE SF18-3 1 I ik )&
) o2 AT s B0 T AR BT YK . TR SF 183 1Y I X T VR B VA3 A8 R PT 3K 70.17% , AR IR BEAR, 43 531 A
10X B W B 35 67.31% . 50X T W b7 558 65.47% . 100X T2 W& 55 %% 9 53.79% . 500X 6 1 95 34 H41.46% 5
Xf BEAE M)A 20.3% M0 85 R /K571 57.5 mL+ (667 m?) ' B &A1 71.38% , % AL 27 4 245 46% S 48 AL 5 K 43 8
Hi50 g+(667 m?) 'BHRLNT5.94%. TEF=0.05/KF-,SF18-31K) 1 XE AL HL53% DU Z /K 5157.5 mL+(667 m?)™
Fe46% A K 2 BRI 50 g - (667 m?) ™ Ab B XS SUHU A TR 14 BAE 50996 BT 1A A5 SR TG i 3 25 57+ SF18-3 11
10X A VR Ah 31 M 50 A Y Ak 3155 ST 18 -3 114 1 X AT VR ALk 31 M 3% DU 85 25 7K 71157.5 mL+ (667 m*) A H BT VA AL
BT E 25 H546% A A K ORI 50 g- (667 m?) A FRAEAE 1 35 25 5 s SF18-3 1 100X B i Ak
FH 55 500 TR AL 60 5 B TE RCR T S8 B A, 5 AR 51 b 33 (R JA A A 0 2 2

2.5 BHKRSFI8-3HEE

251 WEFHIE WKSFIS-3TNARFRE [ REZIL A6 T8 JO6E BV AR GL%A
FEF(EI6); W e T IR TR, A7 2590 o 22 Qe (8 2 BH (181 7).

252 AEAMKIE FESF18-34 A LI I 45 L3, HIRAT i Ak S A Ab i S
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Figure 5 Pot experiment on the controlled of ¢ bacterial spot disease of pepper by SF18-3 solution
2 SFI8-3E RN ERMA & 1 BT s fm R AL B iR R
Table 2 The control efficiency of SF18-3 solution on bacterial spot disease of pepper
2537 WeBE VAR B VA ROR 1%
Bactericide Concentration Disease index Prevention and control efficiency
1x 5.93+0.21 70.17+2.00%
SF18-3 Ei 10% 6.53+0.97 67.31£3.40"
-3 Y b
SF18-3 bacterial solution 20% 6.8520.16 65.47+2.76
100% 9.17+0.69 53.79+5.03¢
500x 11.67+1.82 41.46+7.84¢
e =
0.3% PIBFAH] ) 57.5 mL+(667 m?)"! 5.69+0.42 71.38+1.61
0.3% tetramycin aqueous solution
46% S A A K 43 BORL R )1 L
46% copper hydroxid water dispersed granule 50 g-(667 ) 4.7720.21 75.94+2.56
V=3 B
KA I - 19.91:1.20 -
Control
.\ iy )
o
Q v
-
El6 SF18-3 EI&EMEHFE El7 SF18-3 &A1 000%)
Figure 6 SF18-3 colony morphology Figure 7 SF18-3 Microscopic morphology (1 000%)

5 A R R AR A B , V=PSB M| s 17 il R A8 D 5 HLS ™ A 1 6 A B

253 16S rDNAF 7] 54 T HESF18-33E A 2 DNA 22 1.2% B g Wi B I H. 7K L 153112 000 bp 4175 i 44
S5 5 16S tDNAY 9 J5 281.5%35 g Wl Bk Je v Uk I DI e [ A5 310 1 426 bp T IR)T 91 . 7415
NCBIC F1JF 91 e XTI FiBioEdit M MEGA 7.03E4 7 R34, 45 5 %W, SF18-31916S rDNAJF 41 5 Bacil-
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Table 3 Physiological and biochemical characteristics of strain SF18-3

W52 T 4 ] 52 351 4
U‘Ij/—‘E:_[Jf H L Results U‘IJ/_‘E:FJ_‘ H L Results
Identification index Identification index
SF18-3 EM2 SF18-3 EM2

) . . IR 7 . .
Gram staining Indole reaction
FH 2T 2 T BRI 5t

. + + . . . - +
Methyl red reaction Nitrate utilization
V=P ¥ V=P reaction - - H,S 72k . - -

H,S production
ST . . e . .
Hydrogen peroxidase reaction Gelatin hydrolysis
AT
. . + -

Oxidase reaction

I R IR A R B s — R e a5 5 B

Note: + indicated that the experiment result was positive; — indicated that the experiment result was negative.

lus velezensis OK169608 J B. velezensis OK147645F1 L1534 °499.93% , 45 & B A 22 W 8¢ 5 A= AR AL
fif i SF18-3 4 U1 S W 2E AT B (B. velezensis) (K18).

Pseudomonas sp. KF312468
Agﬁ(ll’h}(ll,‘()(f()llﬁ FR839669
—] Bacilfus cereus JN700160

Bacillus velezensis 0K147645

Bacillus velezensis OK169608

SF18-3
Paenibacilus peoriae AB680894
Paenibacillus polymyxa JN700208
EAgrobaclerium sp. HM151906
Chrobactrum sp. JN256921

Flavobacterium sp. HE681208

0.08

B8 EMRSF18-3 16S rDNAF 3| ENCBIE A F SR E 47
Figure 8 Clustering analysis of strain SF18-3 16S rDNA sequence with known NCBI sequences

3 THieE4ig

VU3 2 AT 18 (Bacillus velezensis)]” 12 73 Af T 138 KA SHEILH LU A B0 1 13858 51 5 26
S AR I R A R I RAEA ATz R Sl e TEAE P T B e, AT DA o
PEFER P A K0 5 A 2R G A UME S K o3 WA T M R ) S5y 1 2 R e T ELASCR
Fo Hob AR PUR A SRR IR BT A BRSPS PR B R AR A B AR FE A L F R
L, B. velezensis YB15 AU 4y (1) B4 SR M B X AH R 52 BRI (Helicobasidium purpureum )35 Z2 R )
FLIEE A T HIAVE Y B. velezensis ZF2 AR 71y v %) £ 1 g RN 2T 4 22 16 AT LA Sl 2400 ) 2 JTCA% 960 - B
J55 95 I8 (Corynespora cassiicola) 5 W 22 B4 K5; B. velezensis CE100 X1 =4y b BAG JLT Bl . 25 11 il Al
B—1,3— 7 BB G M, vT DA RS fe 4% Bk 25 JE I (Colletotrichum gloeosporioides) 2l JLBE , 3 il 461 1~ 5 A FIER
Zas)
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D13t ZE AT R (B. velezensis) SF18=3 J& LAURUZH P 1 B o500 A #E AR DA Bl ) 2 NE v 43 285 0 1 SR A
B — AR A B A= B A B, S TR b A X SR A T PR 3R i BT RO W] ., 28 Ak I A e b &
A v )R T B S R SR B 1, EL B TR M I SIS R T O S ST G 5 TR AR SF18-3
0T P o 1 s PR (3 ) S BH AT Ok A ARG 7 1 v 4 o il o0 B R e Bl o e Ah , BP9 30 IR SF18-3 T
Kb 25 70 20 TR 1 388 I 9 1 (Pectobacterium carotovorum )55 #5 JINZH T 14 £ BSR4 18 (Pseudomonas syringae)
YA B R ITESCR | 3 5 1VF 2050 & B DR 27 A i 5 A T2 AR S — B0 T I,
DS I 2F AT TR (B. velezensis) SF18-3 7E i 1A it 1 B , i 2 4H T 8 rh ELAG 4 ooy 1) A B 1 T
M
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