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Preliminary Exploration for Inhibitory Mechanism of
Bacillus subtilis Strain BS2 to Botrytis Cinerea
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Abstract: The Bacillus subtilis strain 2 (BS2) was measured to antagonistic mechanism by using face to face
culturing. The antagonistic effect of BS2 to Botrytis cinerea was obvious. Growth inhibition rate had sig-
nificant difference between bacteria culture fluid and extracellular proteins at various temperatures
(20°C-120°C). But the activity effect of extracellular proteins of BS2 was sensitive to temperature. Bacteria
culture fluid and extracellular proteins produced from BS2 had a good antibacterial effect on B. cinerea my-
celial growth, spores bearing and germination. And Treated with bacteria culture fluid and extracellular pro-
teins produced from BS2, protoplast from the hyphae became abnormal. Overall, this study indicates that the
BS2 active substance is composed of various components and has multiple antagonistic mechanism.
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A DR B o i B 4 7 R R R AT IE - 50%, —
JBAT I ALAE 20%-30%, L™ T2 0 w4 1 st

HAr, AR A e 28 id 1 x 107 hm?,
AEPREUT 6 % 107 I, it FUKCR SO R 20%, (X
MG, iR 2 P AR e RESSHE
RETFR, RO G W5 KA FEREZ
—, Y0 E N A R B, T iR 2
J& SO, FERALY), (H XA T3 AN A X 4 46 i o F 2
PR ARG ), T LS AT B4 1E 8 AR 16 B PR i 3
B fa . B, 3B YD SRR RO T F
B 6 7 2B DI SO E B Ak 2 R B R A T
B R G E B A C Bon B E RN AT 5, If
B —A 8 BB A

A B ZE AT 18 (Bacillus  subtilis) T B G Y0
9 IR L I 7 [ A A S, FEESNE BRIE A A
FER O AL 2 3 2 A O A A5 A A K BN
WD E 1 bR, 2585 0 H 5 2F AT 1§
(Bacillus subtilis), FI0 % X 5] 25 K 2590 8 09 300 B4
BLHI, N — 25 2 A= B o DR 6 550 1) 0 9 B35 0 R A
et

1 MRS

1.1 i EHk

i B ZEHIAF I BS2 (Bacillus subtilis) 14 % JK
F294 18 (Botrytis cinerea Pers.), AL 43 B I 25
1.2 HEFBFE BS2 MEBHREHRENEE
R zE

BS2 7£ & 3£ A 7T i iE (Nutrient agar, NA) [+ 30°C
4k 48 h J5 AT & R ZERE PDA P-4l a0 3 cm
b, SRIGTEIE PDA S ) Hh dedeF 48l 9 B 1 o 4
KRBT (A% 0.7 cm), 3 IREE, MAHEIRA
H 26°C B33 72 h 5 ISR A0 e A T 22 4E K B
KRR S . B oe, LA,
1.3 HEZFMATE BS2 BiRM S RERHREHE
F#LH
1.3.1 BS2 WiRERF&REINEGIRE: K
BS2 #:FhF KB WARKE IR, IRG IR RAER
PP, # 1% a5 T4 K B (King’s B me-
dium, KB)¥& /AR5 573 (ke & 100 mL/300 mL —
FAI), 30°C 170 r/min }5 3% 48 h, SR )5 T AN TH IE 45 1o
WEJE, #H-

M A S Bk WSRO, R
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(NH4),SO, 43 R UTVE B HRIL 75 %100 BE T vE & M,
FA T B T A 0,

1.3.2 BS2 B S RN EHEZAERELEXT
REFEELE KRN : R JCHE IR & A &
145 20°C. 60°C. 80°C. 100°C FI 121°C 43 Bil4b 5
20 min J&, BCIEWINAE £ 1 PDA 15 7% 3 v il ik i
KF| 5%, FAMRAL, 8 15 mL TRE MRS,
FERE RIS E G FEF- A g3 0.7 om B K B9 B
WA, DAIJGIE KB 8538 5L B 25 (0T IR, ARAb B 3
WH A, 25°C $55% 72 h 5 2 KBS B A A 1 AR,
THEME A,

1.3.3 BS2 B S REIMEAHREENEBT
BAABIFONE: A5 2% JK 75 9% IA 7E PDA 559 3 G 9%
4 d, BpRLPEAE R AT T, FH TG TR K R A A
W, BAIEF 50 A T(10 fEECK), BS2 BB
TR S ML 4% 5% BN 2 mL KB
BT, AR [R) 5 R 5 T 8 3R 2 kA xR
RT3 YRS, WL BS2 JC I B K ML AN E (k)
617 1 4 14 5

1.3.4 BS2 BB HS R EAHREENEBT
FEEMRIE: WA KB R TE PDA B3R HE [R5
48 hififh, RGN WM T PDA B skrh e, ¥
YA EARIE 4 om B, R FEE RIS, REHE
3% AN [ e B () 55 55 TR 20 mL 345 Y3 EL B 4 74 20 min,
i 55 R, DAJCR /KA B X I, b B 3 1K
FE, BT 25°C TH:IR 5 d 21774, BEm
10 mL B FIE T, 242200008, 1
BRI, A ERT T EOCAE BB T TR, TSR
2z,

1.3.5 BS2 S RN EAHEEREFER
LSRN KA RS A 1.2 PR, B
WS BT 5%k R A AR S R S M A o g
F&, IS A B KB 55 35 WAk B0 22 e AF
XTHR, BEFRJE 24 h FEGR B AU WS IR B 22 Y
ARG BAR1E

2 HR5H5W

2.1 BS2 MRBEAMIERANE

R 22 ARk, IE BS2 XK % 1 i 22
A TR VR BRI R AR R R AR 2.00, 5P TES
1.83. MBUEFA i, BS2 XK %0 T AR A< A4 4 i R
By, — RO iR KRR LR AR ARIAE] 2
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2RI MRS Al 2F ST R BS2 X 4 K B

T TR BRI 02 R 723

ERCRAL R RR, BS2 X K E M B A B 5 bt
YEM .

2.2 BS2 HiEMD KN EBEARIRELIES
REREE 2% KRN

B BS2 W JC R AR AN 1, DR TR
FERLBRJS DU GE S35 R Wk BRI 5%, [RIAE R
RV 22 KRR, S5 R W% 1.

MR 1 ATRVE N, {i9% 2 d ZFH6T I BS2 Ak
AR AL BT, 5% AR BEZE 20°C il 121°C
Z M B SOR BRI N, IR E R E LS, R
JEE X TRV A3 5 /0N AN R T 5% vk B Ak B AE
20°C 1 121°C, #IRRCRA 255, BEUIREE XS
MEEAAMRKER, B2, BS2 MEEEY b
HATEE M, [FE A AP R s, HE
PRI BR R A2 TR R AN K, B AR TR S P
Py R R R R BRI AE
2.3 WEFEITE BS2 HiERS REIMEBIM K
ERDERTFHANEI

762 mL LG AR P, A IR IR A K R AT

*x1

Table 1

IR P PR T 5%, LA [F R BN S
Re IR BN 2 (A R, R BR A P 2 R TE 60%, 7
wf RO, AR 2.

H2 2 AT LAE L, 405 I 0 A B 90 K B
W AT R R RAUN 7.5%, 1% B AL PR & R
N 60.2%; MIANE LB TR R R A
1.67%. HH LS, ZEAIFT T BS2 0 T 1A 43 K i o
1N R B TR 43 2B A LA R I &
1 0] B 36 s 35 ok 8 b AT B 2 0 K 2 T A 1)
Wi KA A BT B AR, AR
55 55 E .
24 BS2 B S R EBMREESERTF
i A= 0b- A

¥ PDA B3 A K E 4 em AR B H1 A
5%. 10%VE B A0 E5 IR UEW 20 mL, R HVE
10 min J5 AR, B0 3 RER, PITCEK
Xt B, 5 d SRS A T R, A AR L 3

MFE 3 BT 5%F1 10% Mk 1Y 55 55 U8 W S i o1
BB K W T e A B, I

5% BS2 iR S RN EBEAEIRELEN KRB EE L% KA

W 4> Bacteria culture fluid

Effect on B. cinerea mycelium growth by bacteria culture fluid and extracellular proteins produced from BS2

Mg E 1 Extracellular proteins

I s s BEKT e g AP
Different tem- Colony diameters TW’FEJ%: Sienifi level Col P (@) m]fﬁj%: Significance
—c i) Inhibitory ignificance leve olony diameters (cm Inhibitory lovel

rate (%) rate (%)

1 2 3 0.05 0.1 1 2 3 0.05 0.1
20 2.58 2.80 242 35.00 a A 1.68 1.55 2.32 57.79 a A
60 3.32 2.55 220 32.75 a A 2.00 1.70 2.00 56.65 a A
80 2.38 320 242 33.33 a A 1.58 2.02 2.52 53.46 a A
100 230 275 284 34.25 a A 2.95 2.58 3.25 33.23 b B
121 2.88 325 2.90 24.75 A 2.92 3.12 2.98 31.41 b B
CK 3.98 412 3.92 b B 4.38 3.95 4.82 c C

e )

HEFHATE B2 AN N RABESERFHEABHFMN

Table 2 Effect on germination of B. cinerea by bacteria culture fluid and extracellular proteins produced from BS2

T Repeats 4 Rl (A s
AbFE Treatments P BEC) . Eﬁ_ﬁ}:
1 2 3 Sum Germinative rate (%)
Ab JAAT 4L Surveyed number 120 98 100 318 7 s
B A Treatments B % %{ Germinative number 3 19 2 24 i
Metabolic product P2 %L Surveyed number 148 67 44 259
CK 60.2
B & %0 Germinative number 86 38 32 156
Jib 3 P EL Surveyed number 100 100 100 300 L67
sk E A Treatments i % %{ Germinative number 0 4 1 S .
Extracellular pro- N N
: JEE Surveyed number 100 100 100 300
teins CK o T 86.33
B % %0 Germinative number 92 85 82 259
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Table 3 Effect on B. cinerea spores bearing by bacteria culture fluid and extracellular proteins produced from BS2

W %4 Bacteria culture fluid

Mu4h#E 1 Extracellular proteins

e s 22K ; B &K

s e v REKT KIEQOS ) PR AT
Treatments (10° A~/mL) o A Significance Concentration 6 A Significance

Concentration (10> ~/mL) level (10> ~/mL) level

1 2 3 Average 0.05 1 2 3 Average 0.05 0.1

5% 0.17 0.067 0.067 0.10 a 0.40 0.13 0.53 0.35 a A
10% 0.03 0.10 0.10 0.08 a 0.26 0.40 0.13 0.26 a A
CK 0.73 0.67 0.47 0.62 b 1.87 1.47 1.07 1.47 b B

FLBE A BE f) 3 3, A ASOCR AL s . Uil BS2
PR TR YRS 0 L A1 2 1 AT 5 4T A 0 T Y 7
8, AT AE S B B ) 2R 7 de A o ] B 2 X6 0 A T
FRRAZGGRAE A, AT T — AR L.
2.5 BS2 BHkH S RAENEBNELESHFN
W IREI R IR T 5% B3GR IE I
(KB R FRMh, 1557 24 h, 760624 BB WA I
W22 B S, AR 1. 2 FroR.

El1 BS2ERMASNEBAEREREELIBS

Fig. 1 Effect on B. cinerea mycelium morphology by bac-
teria culture fluid produced from BS2

Note: A: Treatment; B: Control.

E2 BS2MNNEALBRAFTREREELHES

Fig. 2 Effect on B. cinerea mycelium morphology by ex-
tracellular proteins produced from BS2

Note: A: Treatment; B: Control.

1 AN 2 AT LA Y, BS2 4 TR TR 4 B i Ak
B 1] 2 R TR A 2 RS s, 50 IR
A b TR RR 43 s A PR 22 s A R e Ak, i A R 1
DU 33t ol T 22 %) D A TR A, S 0 30 B 22 1) 1E AR
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K, BB 5 ML AN ER 116 TR 22025 52 i AS [R] AT g
5 T R PN T ) e R LA R R R TR
3 itk

(1) AHEZEFAF I BS2 X 4 K B s HAT il
W2 ERK BT e TR RRZ AT S E
VEFR, FRWIHEPUR BS2 XK B0 W R YIE A 454>
WA EAVER, ARSI TR SRR A B
R YL, B HAT A 1 T R i 5o

(2) BS2 BB o S i AR F i B 24 D
JEAE AL R BURL AL AT RE 5 BS2 B 7 AR UM BT IS PR
JUT 345 1S 2 R B A 1 A S B A B e A AE — K
R, TR R A 2R AR R A B A ) I A A
i 240 i 200 RO PSE, D A T O A DR 2 T 2 s
WA, ) Bt 9 6 A U R LT IS R
HESEMTHE, X RIE R, gk
FEE, T AN UIEE N VIR A R, B, BS2
PRI E AR R RE A LT R E A,

(3) BS2 43 WML B8 1 T 3 BEA P K L4y,
B o F P R A A FEPUE & A RS, BS2
ATV 3 7 1 T Ak B S S 52 i H o 4 K 5 0 A
A SR, R AT S A 45 PR (L X 80°C LU ki
TR RO, 10 ) BS2 Xof ] 7 K 250 BT 1 00 BT Ik ) I
R Z R E MY T, RS B AR R S A B AR
ARUB e m A T RITEEA

(4) B THEBEET BS2 HIEFRT 48 h,
PRL I AT VR0 P s M SO B AR . S A, KB IE
WIZ AR EE SR 120 h TRV B A ik e e, T L
HNEE SR B PR L U VE v, AW, 1
BV A 5 ML A0 2 I AR JC T e, X2
5 A A SC P T TR A3 B R A B 1 TR R S AR
() F= B A

3 X BS2 4 B HLE (9 R) AL WIS, R i A bk
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fRitH SR

WRPITERTLEY R TFT

AT 55 e & A 1 (e TAE TR G — 2 A v e R B A A A ) IORLE, TR AN RN BN AT S i
FE F AR W R & A 1 RIS ) GB3100-3102-93 $04T . FANIAF S ¥ 9L SOU/INE GEAER), A iy bl
SR AF S AT E M . BUREAS I8 TR B AT S A AT, F 2 EE S BT,

BFE: HA d; /DA by 5380 ming #2H s SRR,

WKL : F mol/L, A M (Ge 2 T A N (Y ik ) F AR AL RN o

e H] r/min, AN rpm.
FEVRJE 1. FH Pa 3 kPa. MPa /R,
e oD (BHA)FE R .

YIRS TR F&: EEBUH D 8 kD, #%8H bp 8¢ kb £k

P 3R P B A Wy B R R A5 SR FHARMA, B T IE R I FFE S48 &, BIan: ¢ (h) GRoRET
6], BN/ A BUE AT B TR AN BE A IS, BRECT Z AN — 25 4% (% bR A1), Fi10: 20 om x
0.3 cm, ABEE A 20 x 0.3 cm; 3 °C-5 °C Ru[E i, 3-5 °C; 3%—6%A 1] 5 i, 3-6%% .
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