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W ZE: AB®H SLIY H 3D RRAAWA TN, BEHVENR, ABAMTR AT
16S rDNA R B M5 5 o M 2 % L B AT, 52 8 A Bacillus velezensis. #) 8 5 252 T
BRI E L, ZANZAANKWERA . RoBRTE. AHNHRA . THLERE. AhEER T
SAARY R R E A ARG EAAER . AR AR AR S B A E YR, FrT AR
WA MER LR T WEEEMHRLEZ 60 °C. 80 °C L3 20 min /B 447 H 7EHRE; £ 100 °C 4
72 20 min, & HEEAKA R R 753%; % 120 °C 432 20 min G H EH T 4Lk, THREG K.
BEGO. TOM K. 84 . ¥ 0¥ R4 B, SDS-PAGE B ML iz H EXMRF LA » T &
9% 50 kD &G R, MPEMNZEH SO ITHEHRMNREIZREAQRENR. FHEER, ZR
HERAORBITH XM ABLOARBARTOAL, HAZARN TAEDGSRET Zig Kb,
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Abstract: Microbial biocontrol agents SL19 has strong antimicrobial activity to many plant pathogens.
By morphological, physiological and biochemical experiments and 16S rDNA sequence homology
analysis, SL19 was identified as Bacillus velezensis. Antifungal spectrum was confirmed by confronta-
tion tests. The results showed that SL19 has significant inhibitory effect against Verticillium dahilae,

Fusarium oxysporum, Botrytis cinerea, Rhizoctonia solani, Sreptomyces scabies, etc. Active substances
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were separated and purified using ammonium sulfate method, and physical and chemical properties

were studied. Antifungal substances were heated at 60 °C, 80 °C for 20 min, respectively, and antifun-

gal activity has no difference; After 100 °C treatment for 20 min, antifungal activity decreased to 75.3%

of the control; after 120 °C treatment for 20 min, antifungal activity was completely lost. Antifungal

substances were not sensitive to trypsin, pepsin, proteinase K, UV radiation and chloroform.

SDS-PAGE analysis revealed that the antifungal substances contained a kind of about 50 kD protein. It

can be preliminarily concluded that the antifungal substance secreted by this strain was mainly protein.

Tests suggested that the antifungal protein could inhibit the growth of hyphae and spore germination of

Verticillium dahilae. The study on this strain would provide theoretical basis for biological control.
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2 ESCHR 90T B RE R4 T A A fb 2
1.5 THE %k 16S rDNA 2 #f

16S rDNA 11 PCR 4" 3§ 2 IR SCHR[10], 5149751
4: Primer 1 (F27): 5'-AGAGTTTGATCATGGCTCA
G-3'; Primer 2 (R1492): 5-TACGGTTACCTTGTTA
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1.7.2 BRI R R RAERE: BOK I E
(12, 24, 36, 48, 60, 72, 84, 96 h)E; 37K, &
T Y08 83 TR AR I T e A AR O D X R R B
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SIE 200 WL ZKAH FIA LA ABCE PR AN, % JE Ay 45 o
S AN ERE S T
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e FE R 10%, W4k e B 5%
19 HIEFEEYMRS AN ERZLREFH
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PR PDA RFAEIEEFRAF PRI A R B 22, A
20 pL o SR TR A A0 B S MR SR B R, DA
BB R T A R R SR, 28 °C i
24 h, Bk, DAICHK AR,

2 HGR5H5W

21 BEMMISELETE

2.1.1 EAREITSEE: B RATIR, B2 RE
R, Gty s); dps, roAR 2R, A, 2R
WA, BWETE, ifes FfRimE @ dE 1);
FLAGEA B R, AReIR ISR B
T, SRR A R A, SRR, REYELGRE
W 7E LRI E YRR, AR TR
F IR R AR, R R O

2.1.2 BRBIEIRAE WAFE: IR R R A BEA fh Y
EWZR 1, 2% (AR % F ) M CrLan

R S
-k

Vegetative

Bl 1 SL19 kR ZF B (x400)
Fig. 1 The morphology and spore of SL19 (x400)
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1 SL19 kB EEETRAE (L

Table 1 Physiological and biochemical characteristics of SL19

A F A (L 5 : e A A G 2R
Physiological and biochemical characteristics Results . Physiological and biochemical characteristics Results

Gelatin liquefaction 4 E Glucose zymolysis test 4
Methyl red test E D-Glucose 4
V-P test = E D-Mannitol 4
Anaerobic Growth i D-Xylopyranose +
Starchhydrolysis 4 E D-Sucrose

Nitrate reduction test + E D-Fructose +
Citrate + E Growth pH 6.8 +
Lecithin hydrolysis 4 i Growth pH 7.2 4
Idol reaction A E Moveability test

Catalase reaction + E Litmus milk -
Crystalline dextrin production test i Tartrate utilization test I
Glucosamine + ; Propinate =

Note: +: Positive; —: Negative.

W ARGEETFM) , WS Bacillus velezensis E#
FHIE

2.1.3 16S rDNA FHIMERS#: FbE SL19 1
16S rDNA PCR 4" 5 ;= W WL Uk 25 SR W&l 2 s o [l
W Bty s, #2817 518 GenBank, 74145
& HM594179, ] ClustalX #1 MEGA #4473 4T,
Neibour-Joining IEHH R G L EW, WE 3 P iz
WS Bacillus velezensis 18— % b, HE5% %
5 AY603658.1 B ARAYIEITEIEIS 99.75%, 4 LA
RERRAIE SERIEFRD 16S tDNA F 414041 K A= B AR B2 16S rDNA PCR ¥ 1 7=4

na ff# PE % /THE 0] é?:f C , B @} aﬁ % % %T } Bacillus f]l)gN: Gel electrophoresis of the PCR product of 16S

velezensis . Note: M: A-EcoT14 marker; 1: PCR product.

Amphibacillus xylanus (AJ496807)

76 Bacillus vireti (AJ542509.1)
Bacillus simplex (AB363738.1)
Bacillus macyae (AY032601.1)
Bacillus pumilus (AY876289.1)
Bacillus mojavensis (EU138460.1)
Bacillus amyloliquefaciens (EF433406.1)
L 85| SL19
4l 74 Bacillus velezensis (AY603658.1)
100 [~ Bacillus cereus (AF290547.1)
0.01 L— Bacillus mycoides (EF210295.1)

100 100

100

3 ¥k SL19 16S rDNA FHIRI RS % B i
Fig. 3 Phylogenetic tree based on 16S rDNA sequences of strain SL19
Note: The numbers at each branch points indicate the percentage supported by bootstrap. Numbers in parentheses are the 16S rDNA se-
quences accession number. Bar: 1% sequence divergence.
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22 HmHAEMmEIL

A ROPNTTE o0 A AT 0K AN IV k2 31N
IRAGAGAOTE . RAHRITTH . S s 25 1A 55 2 P i
LA A B R A AR P, G v X R T e A R g A1
SR I R 2).
2.3 ERYRMIBLERS
2.3.1 EFEEMIEFHMNE T EROZME: HE 4
Al L, SL19 7E 24 h B 7= A A 90 1R 336 1 4 5 1 1 58
B, B R A 3E 0, P05 06 A T R R
232 MEEMYRIENIERTRES X KM
FEAHEMER: Wk 3 PR, WA B RO
KR AL R AN B ELAR N 40.2 mm, T JCRR A A 1

3 2 Bacillus velezensis SL19 ) & i

Table 2 Antifungal spectrum of Bacillus velezensis SL.19
TR R4 B

9 JEL TR TR E
. The average diameter of
Pathogens Plant disease I
inhibition zone (mm)

PNITESL T

TEFZE) 36.4
Verticillium dahilae W B
ik, 0T R A 284
Fusarium oxysporum
Skt gy T »
e e 28.8
Rhizoctonia solani
PRt AR 245
Botrytis cinerea
SR g KA 236
Botrytis cinerea
*@%ﬂ@ B AL 220 21.5
Fusarium oxysporum
A 20T N 207
Fusarium graminearum
R R S S TR
RMERA T S S 18.9
Sreptomyces scabies
WAL REICAT T n
Clavibacter Z A 5t 7 18.8
michiganensis
L, oA 175

Ascochyta citrullina

45 1
40 ] ]
35
30 |
25
20
15 r
10

W

Diameter of inhibition zone (mm)

(=)

12 24 36 48 60 72 8 96
£ (h)

E 4 1EFFE B EFRINEE R0
Fig. 4 Inhibition activity of SL19 filtrate against Verticil-
lium dahliae under different culture time

FRRA I HARZAE T 353 mm, AERFFEES
TR P SRR 43 43 s B ML A s FE B R B DT UE 43
BRIUS, UUVEW XTSRS WA SR i I VR,
TH WA FHAR 55, 150 28 JCHR 43400 R s M)
A B B R DL UE [P o

233 SERBRBEFMENHE: HE 4TI, 100%
TR R A B DIVE Y B 2, (B2 MG PR
A e 1, UERHUTTE th Rl BB & AV 2 IR M A
PERY AT, 38 2 UGS [m] 4 2 e 1 R 85 A 38 7 4100 7R
T P SO R A2 o i D o 410 T L 119 R/, i e
BREREL AN B 40% .

2.3.4 pH {EIREM: #HEPUEERMERBE 5), 1
PG EYI IR pH A A9 IE N AL 98, 7E pH 5-10
Z RV A BF I, A e R SR TR S PR SRR,
Fb AT AP

2.3.5 mEEUEE: MEIEHEYITZ 60 °C. 80 °C
ARFRJE, PRI PE S 0 R A AR FJE B R AR 4k 100 °C
b 3 PERREAR A T BB Y 75.3%; 120 °C AbHE S, #1
TG PESE A d, U W B R 77 A8 I 100 R M) o
A — s W = T AE T

&3 MEEMEYRERGE R DA EE S XK IR & R FE R

Table 3 Inhibiting activity of different components against Verticillium dahliae

GRllE:R AR IR T T A B SR ik it B2 e UL VE I P A ML A ) T FR e UL Ve I b i
Components Bacteria Fermentation Bacteria Precipitation after Supernatant after ammonium
tested fermention without bacteria ammonium sulfate treatment sulfate treatment
0 P B
Diameter of 40.2 353 10.3 29.5 5.4

inhibition zone (mm)
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Table 4 Effects of different saturation of ammonium sulfate on inhibiting activity

. PR £l L . 20 30 40 50 60 70 80 90 100
Ammonium sulfate saturation (%)
. Mﬁiﬁ 4.73 4.38 5.15 4.66 4.63 4.92 4.43 4.70 5.70
Sediment weight (g)
. W@@Eé 16.5 28.4 30.2 27.5 24.2 20.1 19.3 18.8 20.0
Diameter of inhibition zone (mm)
30 1 kD 1 2
= AR
- *—'
200.0 —NE R
1160 —fw
97.2 E, ' XN
..,

Diameter of inhibition zone (mm)

B 5 A FE pH EXIEBRFE
Fig. 5 Effects of different pH on inhibiting activity

2.3.6 FEEBGEUEME: RS MY T2 R

BEAM ., EA K LS, 105 E -5 G55
9 22.90 mm. 23.00 mm. 22.85 mm, [fij % FE A4 0
Pl B 42/ 22.90 mm, AbFEZH 55X IRAR L BeA A s
Ak, U5 I 0 R P A S5 X 1 A R

237 EIMNERFRTEME: LTRMERM, A
BSOS Y 2 R MR RS 24 b R, TR 1B
SFEHEAE N 22.85 mm, KRR E Bl HAA N
22.90 mm, " EMEEMIEATCE R, RIIZIME
P BT 52 28 AN G HR G

238 RfAREMN: MWEEEYRESATAE)S,
IK R4 IR B B A%y 22.84 mm, A LIS K A A
X A T B s TRT 41 TG TR 0, T A 48 S5 Ak B R
PR B 42K 22.90 mm, B RCR 5% B 1
A WY G RARR, 81 AR B v 0T L AN R

2.4 SDS-PAGE Hjk
SDS-PAGE X 1l J& 7% ME 9 4G & ] — 454 F

=210 50 kD 1945 (ﬁﬂ@6¢'ﬁu%ﬁﬁﬂ‘)o ek

http://journals.im.ac.cn/wswxtbcn

4 A‘L&'
66.4 —‘ Y
, -.‘-ﬁ“
44.3 @@

‘.!

Bl 6 SDS-PAGE Hjk4E R
Fig. 6 SDS-PAGE electrophoresis of antagonistic protein
Note: 1: Protein marker; 2: Antagonistic protein.

B7 MEEAXMNAMRKERELZRE T

Fig. 7 Effect of antagonistic protein on the hypha and
spore of Verticillium dahliae

Note: A: Treated with antagonistic protein; B: Control.

TR A S, A0 A A I A2 A B 1 B 1 B
)i

2.5 HIEEMEMRX KIRAE E 2 2
W 7 B, KRR T 22 2 90 R AL B

24 h J5, KRBT L2, SR O A, Tk
Z 2
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3 i

AWFGENTE B Bacillus velezensis SL19 34T
THABARYEE LI 16S tDNA FFHIRIT, i
BRYEE N Bacillus velezensis. 12 X M 3R faj 2R,
Jrts 8 IR EOR WA, M, RS Y B
R, B, FRE MR XA R TR ETER
A=Wy B i RS TE R R, AR A=)
Biie 44t 7R i A s I8 . AW, Bacillus
velezensis SL19 FARFEIGFRid R rh, £555% 5517 1,
PR B A R PR B e W B AL, AR AR
G35 B AL Ol T, Gk SOk R T TR B T
fii o Bacillus velezensis SL19 ;=4 4 B4 % PE 9 5 2
At FRUEPELF . T 32 8 A SRR,
7N T ARGE (4 H RS AN B

Y& SCHRARIE, Bacillus velezensis RE;=4: S5k &L
ZEAUAT IR . UE R AT B S B SRR AT R — R
VLRI, W B, BRI Hodr, Rk
K WY) FRAL §5 22 T 75 2 2 (Surfactin) . AL B R
(Tturin) 1754 ¥ & 2% (Fengicin), X St & KX i)
o3 J5L L A LA AR R B SR A T . AR AR 9 R T
Bacillus velezensis SL19 HAT | 1EHT i id P, JUHXT
KB Fe R R IR A I I . AT, ERNAR G
T Bacillus velezensis Jjia tHH) % B4R IE D, T
HAMR SRS . ARG 4 B A 3 T AR AE
T2 A RS BOE W AH T Bacillus velezensis
12-34 I3 B 4lALAR 5 T 35 kD MHUR 1 . E44 8%
LT8R IR B 1Y Bacillus velezensis 5-20 %o 75 )AL 2=
9 A M IEH, MR A4 DEAE Sepharose
Fast Flow B & 224 )27 )5 43 25 4l Ak 3] 43 B i 24
13 kD WMFTE S o (B E PR XX 4T 1/ 2R
)53 F A HATIR A RIBESE . A SO B alifb A 2 1y
PR PR oA AR R RS E P, AR R A RS P o
(M HEALPE K SDS-PAGE Z55, ¥IEHEM Bacillus
velezensis SL19 WIHNRIE Y I £ 22040
50 kD R A JRZEY) & . Bacillus velezensis SL19
7 A I B TR SR R 2R AR R U A 2 A
FE B 20 R fige U A 2 F0LAT B VR E A — R AR R
M AT 25 56

ZEAUAT B B4 U FIPL I B 4G se AR L 5 4L
YEH . WRAEH . B A PUE RS Y R
KA, AT DA I B e 22 A A AR IE
AT 22 S0 R P i . A TSR AR L AR AR A s
BRI P ARBFSENT Bacillus velezensis
SL19 AN M #ETT TR IR ER, XTI 5255k BE,
Bacillus velezensis SL19 X145 KN #e B W AE N B9 £
FRE s i EL R ELA — o MR SN B P, JF B
Az TR TG PR ) B R A8 i AR A TR 22 2 L AR BT
Wedn . TR 2E, ARSI EEH . &
$R Bacillus velezensis SL19 W.7s T AR & 030 F bk,
EUZ I T B AL A A e P A g A5 I FH T A= 7 S5 Bk B
BT, A RE T — 20 0 S50 5 0 ] 5250
U9k . FEAEPE T AR ™ ) X S P A
AT AW BIR, P LA 800 D fh 2 A 25 1) i
T AR SRR O P AR P2 MR LI, (i PSP
AR R TR B — T AL . FRATT IR R
i J Az A EAO A R R, SR
HLIEAT A P b7 i B A A ) R 5 T Sk
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