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1 E. [8 6] B34t 3 F 36478 (Bacillus subtilis) C-D6 B #kxt 3k H %5 H (Colletotrichum
capsici)Wt & FH B3P FIAE R, KR BRI R AW b6 e F iR, [ ik 1 idaidiz ml & C-D6
R IR F o, SR RIS S A MM TR ik 5 A U AR M RIER A, KRR BB A
YBIIE . Sephadex G-75 BIRAL BAT A=A B F e BEATST LA B #4700 B 4k, MARAE
Brlcst i km e EaaT2. [4R]C-D6 B PDA P Lxt 3R £ I ) 2 7 9 2 6937 4]
YER, H YPD 32T AL E W BT R, BAIZRGLERIE T C-D6 AR A RE
EMW T RIEIZ I A YPD B, C-D6 BAREZIFRA T I 14 h/g, PIR ey iEid)
JH T ZAIHIRARFE B 09 W AT AR, AIZHE 89 YPD &R 4 B IR — AT 224 32kD,
BB AT AR R A B IS R ILE Z G . [4448] C-D6 BG4 B4 AE R 7% A AR By
TG IRAR B TR 5| ALY B IE R B 6 AL
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Bacillus subtilis C-D6 as a potential biocontrol agent against

appressorium formation of Colletotrichum capsici
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(1. School of Applied Chemistry and Biological Technology, Shenzhen Polytechnic, Shenzhen, Guangdong 518055, China)
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Abstract: [Objective] To explore new pathways for biocontrol of anthracnose by investigating the
inhibitory effect of Bacillus subtilis C-D6 against appressorium formation of Colletotrichum capsici.
[Methods] The antifungal activity of B. subtilis C-D6 against C. capsici was evaluated by dual-culture
method. Optimal medium for production of antifungal active substances was determined in shake flask
culture. The antifungal proteins were purified by ammonium sulfate precipitation, followed by
Sephadex G-75 column chromatography and anion-exchange chromatography. The molecular mass of
the purified proteins were determined by SDS-PAGE. [Results] B. subtilis C-D6 showed high
antagonistic activity and inhibitory effect of appressorium formation against C. capsici. The optimum
medium for the production of antifungal substances of C-D6 strain was YPD and 14 h after inoculation,
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the culture filtrate had a significant inhibitory effect on appressorium formation of C. capsici. An
antifungal protein, with a molecular mass of 32 kD, was purified from culture filtrates of C-D6 strain
and the purified protein exhibited obvious inhibitory activity against appressorium formation of C.
capsici. [Conclusion] Our results suggest that B. subtilis C-D6 could be a potential bioagent for control

of anthracnose caused by C. capsici.
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FIZE R R . Wbk C-D6 1555 48 h By YPD J555M
AE 5T AT BRI JE PR 7 B T 1
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El1 HEFMITE C-D6 X HMlURER % KA HIHI1E A
Figure 1 Antifungal activity of antagonist C-D6 against
C. capsici on PDA plates

TE: A: C-D6 XTHBMUIE R AL NG B: XIRETE.

Note: A: Colony of C. capsici treated with the strain C-D6; B:
Colony of C. capsici (CK).

SERFKH . C-D6 Hitk 48 h #LIHIHFEY YPD 553k
IR A, k%) 58.14%, LB BRI NA 55
TR AN R0 33.19%H1 23.63%, HAMERL
WHH WA YPD K593, LBP B55%FIl NBP 57
TR R0 49.62%F01 33.47%, HAMEHIR
B T LB 535 IA NA 55550, 3% —45 1308
1E LB B5FR i f 4 B R E R SR P s in 1 /L
K,HPO, f] B @A C-D6 k™= P I IT

*1 TREHEFEM C-D6 1EFr BT FRMUX EE &+ KA
MHAER P EHARAER)

Table 1 Effect of C-D6 culture filtrates from different
media on growth of C. capsici (X+s)

K% Medium A A Inhibitory rate (%)

YPD 58.14+0.28 a
LB 33.19+0.54 d
LBP 49.62+1.69 b
LBPY 34.874+0.31 ¢
LBG 15.83+0.96 f
LBY 24.59+0.80 ¢
NA 23.63+0.61 e
NBP 33.47+1.38 cd

i BFEUEE AR ING F R R 22 5 W 35 (P<0.05).
Note: Values of each column followed by different letters are
significantly different (P<0.05).
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48 h [ EEFRBN TR 2 IS WA I i, (H Rl
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Al 224K
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2 AEIREEY YPD 3535 ik 3T ER TR E B 7 F 1A R A0 B A B BB 20
Figure 2 Effect of C-D6 culture filtrates of YPD media from different culture time on spore germination and
appressorium formation of C. capsici

B3 20%5EF0 A fRES % T & B A ER R 15 & M & e B I 4 A
Figure 3 Effect of crude protein obtained from 20% ammeonium sulfate precipitation on
appressorium formation of C. capsici
TE: A: 78 YPD SR PR R HE OO ) s B ZEERATHLEE 11 P I R i i .

Note: A: Appressorium formation in YPD medium (CK); B: Appressorium formation was inhibited in crude protein extract.
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SE 73 B A BB L B A TR 1803 M 2 1 4
S BRIR B ER AT Bad AR A R 20%
25 EMHEAA

KH] Sephadex G-75 J2#7, #EhtT)E . EATER
T BN 20% MR AT R ORI, T AKTA 25
o B aifb R AT oy g aift, Vel Rkl 4 B
AN o SRR . 20%40 AR R AT A ORI W 4
Sephadex G-75 FEEHT/3E, B 2 N0, sk
Jabrie a1 Fdl o 11, 2 s e i
AEWITEE A3 T BB IE B Y S IR 1y
HVER S AT IRCR —3, A TTIERCR
K H Q-Sepharose Fast Flow [ 232 #2471 X 16
Ao T afrift—alifh, 250K 5. 4R IR
M ERE PR A B 3 N0, o T aEik
TR, B BRIE , 04 1T AR 1 mol/L NaCl Vil
WS lbmic gl sy 1. Ay i Fd i, 2B
TEERI S . 4y i g Ariiidois k243 i1 G
TR BT, B EITE A Bk, RINTE
2R H S LG R B AR Z A5 Y ERIE 454
FKIT C-D6 14 h FEFEHOT A MO s i (141
2)o ARFML S il 2Ll ny H g, sr sl R
5 R B IS PR U A Rt — 2P AT

mAU
140

120
100
80
60
40
20}
0

B 4 20%BFERERERTELHEIZRA Sephadex
G-75 RIS BEIE

Figure 4 Elution profile of crude protein obtained from
20% ammonium sulfate precipitation by Sephadex G-75
chromatography
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Figure 5 Elution profile of activated protein obtained
from Sephadex G-75 chromatography by Q-Sepharose Fast
Flow chromatography

2.6 EMZE R SDS-PAGE H jk#1 HPLC #&7

K H] SDS-PAGE #E i HL UK Al 209016112 Eh AT
5 FN4: Sephadex G-75 JEHT2 8 NG E4H 43
I R FRER/DN. S50 E 6 Fin. HE 6
ALAL, 20%000RNEE ER TR IR M Lo e, TR
40, 32 F1 31 kD BHE HH BB B A &, %6

El6 AREILELTIEIRSHIIEIEE A AISDS-PAGE B ik
ik

Figure 6 SDS-PAGE electrophoretogram of activated
protein obtained from different purification methods

TE: M: bRfEEA TRERC; 1 20%0 AR
H; 2: Sephadex G-75 EZHTA B MG TEEH.

Note: M: Standard protein marker; 1: Crude protein by 20%
ammonium sulfate precipitation; 2: Activated protein by Sephadex
G-75 chromatography.
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mAU [ g‘
3
80
60 |
40 :_ E (|
wE 8 5 g § sngsl=3gs
L [ S g A Terudhal
T I kv
0 ML - 1 f f f f 1 f N n P T ' (LA 1 P
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mAU ;— E
sE R g
4 F 5
3
2
b
0E v —_— J
E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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DAD1 A, Sig=280,16 Ref=360,100 (20%PRO000003.D)
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5E b4
4
3E
2 |
1E
Y: o 2 1
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7 AEENFERESHELEEAR HPLC Eif

Figure 7 HPLC chromatogram of activated protein obtained from different purification methods

e A 20%MEFIEEBRARELERATHIAE s B: Sephadex G-75 ENT/ B MG MEE H; C: BB FACHUZRHT A SRS AR 1.
Note: A: Crude protein by 20% ammonium sulfate precipitation; B: Activated protein by Sephadex G-75 chromatography; C: Activated
protein by Q-Sepharose Fast Flow chromatography.
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