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Screening, Identification and Fermentation Condition Optimization
of Antagonistic Bacterium DB2203A against Tomato Gray
Mould (Botrytis cinerea)

CHEN Jiahui, HUANG Jie, YE Min", FAN Liming"

(State Key Laboratory for Conservation and Utilization of Bio-resources in Yunnan, College of Plant Protection,

Yunnan Agricultural University, Kunming 650201, China)

Abstract: Tomato grey mould, caused by Botrytis cinerea, is a severely damaging global disease. This study isolated a
strain of antagonistic bacteria with strong inhibitory effects against the important plant pathogen Botrytis cinerea from
healthy branches and leaves of Camellia sinensis in Yunnan's Gaoligong Mountain. The morphological and molecular
biological identification results indicated that the antagonistic strain was Bacillus subtilis, which was designated as
DB2203A. The fermentation conditions of strain DB2203A were optimized through single-factor and orthogonal
experiments, and the antibacterial activity of the fermentation broth was determined along with a preliminary exploration of
the antibacterial substances under these conditions. This study isolated and screened seven strains with strong antagonistic
effects against pathogenic fungi from leaf and branch tissues. Among them, strain DB2203A exhibited the most significant

inhibitory effect against B. cinerea, with its sterile fermentation broth achieving an inhibition rate of 74.77% against the
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pathogen. The optimal medium for the strain DB2203A was LB medium, with the best fermentation conditions being an

inoculation volume of 6%, a filling volume of 50%, an initial pH of 7.0, and a fermentation time of 72 h. The research

results also showed that the antifungal activity of the 40 times diluted fermentation broth against B. cinerea was 59.25%.

Moreover, the lipopeptide substances in the fermentation broth could inhibit the growth of the mycelium of B. cinerea. The

strain B. subtilis DB2203A and its lipopeptide metabolites exhibit promising potential for the green control of tomato gray

mold, providing a theoretical foundation and microbial resources for the development of microbial products.

Key words: tomato grey mould; Bacillus subtilis; orthogonal experiment optimisation; antifungal activity; Camellia sinensis

in Gaoligong Mountain
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(Botrytis cinerea) {2 4%, T 307 Hii K 55 Jps FIMAR I3
Ko WA EEAZ YA FIIRSE, 3
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HA W HIEM TSP . Egas &1 BFSE R I,
AP YN AR A 0 ok P9 AR LR A A P A A -
BRG], W IR AR PS5 G4 e
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BRTHBE 1 — Ak DL SIEE SR HUAT oA A4, R BRI AE AR Y
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Master Mix(Dye Plus) S & H.EE G B 54 MERE
R ROy AT BN W 5 Th A A A B R B e Ak
(PDA) . EBFHRLURE IR (NA) | BIER IR IR A
(NB). LB ¥ 32 3L (L2085 g/L, 2R 10 g/L,
NaCl 10 g/L) | 2+ PSR s 3R (NYBD)
(48 8 g/L, MEREIZ MY 5 o/L, #2EFE 10 g/L) | 58
SREFERE(CM) GRZAGHE 5 o/L, FilRER 2 /L, FrEmR
BN 1 g/L, EAKEHIEREE 0.2 g/L, BEFR A 41 4 g/L,
Bile — 4T 6 g/L)PY,
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Kinetex 2.6 u C,, (aiifkE ) HHIER TR EF AR
5] 1260 BIESRORAHEIEY  S2[E Agilent 23H] .
1.2 LWHE
1.2.1 Fibirmsrs Saifth R AR 2B DI Rk
0.5 mm /NI BOIR 1 205 28 75% 0 RS % MRS vk
2~3 Ji, K 3% IKEFRFNIZ AL 7 min, JCE7K
Ve 4 YR, BT IO IELR ST, BN R AU 4 2
AT 0.05 mg/mL FHELTRET Y NA Fhe, FR2dab
R 3 REESE ;28 C PAMEREFE 5 d, B H SR AE K
THOL . ARG R VETE S 22 PR ECA B 7%, T NA A
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1.2.2 EPrEEmIiLE  DURKEIZA RV E NN, AR
BFFERIL R 7353 S aEA 400 0 5 52 i -
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T A 2 A 30 ) 2R v S BT PR A T3 2% Fefh i
A A 50 mL NB #5383H7, 28 °C | 140 r/min $£RH
B%3% 72 ho £E 4 °C. 10000 r/min K E.[» 10 min, 5
ULVE, W IS, £ 0.22 pm EUERRTEE, BI - dsdoid
P4 TG PRI R TR, W TG R R TR 5 KB G H1 & 45 °C
e PDA B3804, 1:4(vv)IRE, IRIBIR SIS 13]
JSPARAE A ALERZE, BUEHAS 5 mm 0 2 A BT R O
FERh TP e, AR AN BRI 3 NERAE, LATITACGEAR
R KA X B . BT 26 °C FEFE 5 d,
I B 7R BOA%, JTARYE 1.2.2.1 Skl 2,
PRAR T e bR TEREIHI R =70% H =k EXE
(AR EZE<5% YRR AT R0 B o
1.2.3 FEBURIYEEE
1.2.3.1 BEKRIESS AL E XSEIR 24 h
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BSE
1.2.3.2 W FAEYFYERE 5w R
@514 27F: 5-AGAGTTTGATCCTGGCTCAG-3'
1 1492R: 5'-CTACGGCTACCTTGTTACGA-3"126727)

1l gyrB 54 gyrB-2F(S-AGAAGGDTTGGAAGCTG
TTCG-3") Fl gyrB-2R(5'-CGCGGTTCTACYTTGTC
DCC-3)#4T PCR #"1#, PCR JZ W 2514 98 °C 2 min;
98 °C 10's,58 °C 10 s, 72 °C 10 s, 30 MEFF; 72 C
5 min; 4 °C {777, 4l 16S rDNA F gyrB HEEI T
TAE D ZEFE R R YA BRA G AT PR ¢ M2
HSEM . WA RO P45 A E NCBI 2088 e it 4 7
BLAST teXI530 8T M R G2 R B W i Hg 2kl MEGA
7.0 A4 i 4R 27 (Neighbor-joining ethod) 58 Ji,
Hrf Bootstrap 552 AR IR E I B S 1000 ¥k, HAD
SRR IR A BT B P
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1.2.4.1  JUf K % 37 3 X 5B 58 TG B A IR AP B
PR RS PURERFF TR (A 1.2.2.1) 8L 2% 1Y
PERb 3R T 50 mL LB, NYBD. NB, CM
B w5 250 mL #EJE A, pH 2N 7.0, F 28 C.
140 r/min ¥PRFEE3E 72 h, B05 FIFKEZ 0.22 um
VERRIT DR R B, SR FHAE R E i) 38, A Ab
HEAE 3 K,

1.2.4.2 KBB4 50 0 0 oA & BT TR s TR Y
oM OB PLE AT LA 2% EFEET 50 mL 19
Pkl g, pH N 7.0, T 28 °C. 140 r/min 3% K
F RIS FE 48, 60, 72, 84, 96 h, .0 A LIHK
2% 0.22 pum JEREEURER T, SR A R S8k I e f i)
R, FACEEE S 3 kPO,

1.2.4.3 3P XT 3P0 B JC TR & B e 15 P 145
MR A BB R R A LA AEFD 2%, 4%, 6%
8%. 10% MIIZFMFEZT 50 mL /b B5 37 3L 7, pH
A 7.0, F 28 °C. 140 r/min FLARFIEFE 72 h, B.0)5
ISR LS 0.22 pm PEARGT IERR A, SR A A R BRI
FEANHR, B EREA 3 kP,

1.2.4.4 BEUR X FEYL B TC VR & BRI BRI T 195
M 435 RL 10%. 20%. 30%. 40%. 50% M35 =
T 250 mL HEEH A2 A_ B A K el 3R 3, LA
2% MR RSP ORI IR, pH 2 7.0, T 28 °C..
140 r/min ¥EPRIEEFE 72 h, 8505 FIEWEZE 0.22 um
VAR SE SRR, I A2 HIC B V8 VRO K 41 25 A B A
R, A AL EEE A 3 P,

1.2.4.5 s pH X5 IO & BRI R TE M 52
M A 1 mol/L HCl ¥ ¥ A1 1 mol/L NaOH Fr#fE ¥
WO REFRFRI IR pH 43 %) PE75 % 5.0, 6.0, 7.0, 8.0,
9.0, - FEPL R P F I AN T 50 mL ik BF 5,
F- 28 °C. 140 v/min ¥R PETFE 72 h, B0 )5 LIHR
2% 0.22 pm PR UERR A, U2 FTCHR s R
IR RN, A S 3 P,

1.2.5 IEASIRIGL L ARPEEA R R S0 S SRR I —
AT BRI PR ) 2 PR R A T Ly (3 RS,
DA G S5 50, SR FH oA 2242 A 38kl 2 TG
TRT L YR VROGT R R A H BRT 8 A R SR LA A E A e
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Table 1 Orthogonal design factors and levels for strain
DB2203A fermentation optimization
K- A EIN 8] (h) BHFIE(%) CHtfipH
1 60 4 6
2 72 6 7
3 84 8 8

1.2.6 ARl R EERO M Zf B 52 454
AR 2R 586 5 TE SIS AL S B SR A5 DU, SR
T 224 KO R E DB2203A JC IR A B X IR
2B PR 22 2B K R, FH 45 °C 1) PDA K537 30K
RIFERAGRE 2.5, 5. 10, 20, 40 1%, IR GHFI B0, LA
SR K AR EXT FRLH, SR P 2 A 5 mm K
AR REYE, 28 C 7537 5 4, MERFENARKE
A3, AL IC A K B X I A 2y 00 e AP 36
1.2.7 FEPUERE DB2203A WY IR0
1.2.7.1 FRULTERARBARIBT Atk DB2203A 4]
o8 SR ZEHAT IR, 2 A R AR N IS R I v
WFFEAT WL T 2203 A DSR4 HENI R DB2203A
TN TR o A, A5 R AR RIS . R
BOTFIZHEN, 22 3CRR [35] Bk, R AHEN TR kS
JREREOT 2, XTEiE DB2203A R B i maiEsT
FRTTIEHRE . $HR 1.2.2.2 h )7 315 DB2203A
A JC B R B, JH 6.0 mol/L £k 12 V8 7 JC 121 15 37
VEWK Y pH 2 2.0, T 4 °C vKAE 8 1%, 18 4 °C,
10000 r/min BY54 N B0 30 min G UREEDLLE, FHH
BEZEEY 3 IR, G IFZEBUR, FEREF 78 A I RZE T
IS F GRS Y) . HZEIBACKIR HR s i e B
S 40 mg/mL M FRFMAE S, 0.22 pm FFLUE I L 3E,
e HL 600 pL REMAE ST 45 °C A9 60 mL PDA 1%
FeHLrh, PG FE 50 5 A, AR el 5 mm
AR A 25 FR PR PR DT, DAEERP JCIRIZK (AR Sl o) R,
A EE =K, 7% 1.2.2.1 ARG HAGR,
1.2.7.2 ERORAHGIERI R RIS R0 A RS
R P B, 0.22 um A LR JENE g, 4T
HPLC 4347, LA 514 2R (surfactins ) 28, 4530
X #% M Agilent UPLC 1290 Infinity 1T, €435 45445401
T (A% A Kinetex 2.6 u C g, 100x4.6 mm; i shAH
A: 0.1% BElR K, WAl B: Z; #iik: 0.5 mL/min;
A5 A 3 ming A4 7E: 35 °C; K1 : 205 nm; 25
BEE: 2.0 nm; SRAERR: 20 Hz; 345 5 pl; BAEVE
s 2,
T2 ARG DR R
Table 2 Program of HPLC gradient elution

1.3 #iEAIE

% JH SPSS Statistics 27.0 #xAFGe T 540 Hr 5256
B AT 13810560, 30 ok PR 2R 22 50T % S50 4K
WA TG, I A Duncan 22 8 FLEUEA T
A ] 25 5000t A B Y LA B bR ifE 22 B 02
B, P<0.05 FTrRZEF B3, P<0.01 FTrm2ZE 50 B3,
IR %A Origin Pro2024 &
2 HBRESH
2.1 fEMAETFE
2.1.1 FEPUBEWRITHE RS A 4 B ali Ak A
FHHTE 107 Ak, 10 12k M X URF 12400 755 45 381) X6 7 25
TR BP0 IV R4 (PR =50% ) B4R 28 1R, 1F
— A AE AR VAR B I RRAE 70% LA HARE W
MR 8 BR(ZE 3),

3 ORWIZRIEPUR L (R
Table 3 Primary screening of antagonistic bacteria
from Camellia sinensis

PR (%) EEanz| FH (%)
DB04 77.26+0.52° DB05 73.93+1.58
GB02 76.25+1.74® GBAZ 72.71£1.15¢
DB03 75.79+1.19" DB2203A 70.04+0.77¢

TB2202 75.11£0.7* TB3 68.78+0.25°

TBI 75.11£1.67™ TB2212A 67.19+0.34f

e RRVING FRE 3R 25 573 135 (P<0.05), 4, K[

2.1.2 FEPUREETE SR B 22 A KR X I 7 T
S M TRIAR & BRI I BRI Vs R AT 0, A3 7 ARES BT
EAN RO, $97E 58.93% LU B, Hid DB2203A
TCH & BRI B RIA R 74.77%+2.35%, 455010
455 IV EE RS DB2203A 15 /5 L2 S0 B i o R AR o
ZEIR LA 1., 38 4.

BT H5PUANTE DB2203A X J 2 16 B X 300 TR BCR
Fig.1 Antibacterial effect of antagonistic bacteria DB2203A
against Botrytis cinerea

TE: a: X ARZL; b: RIS HTAL: o oW KBRS T4 .

K4 RRIZEBURE ()
Table 4 Secondary screening of antagonistic bacteria
from Camellia sinensis

TR BRI 0HR (%) SEHURICR IR (%)

I i} (min) TAAHA(%) FiBhHIB(%)
0 40 60
5 30 70
20 15 85
20.5 40 60

DB04 22.38+4.52% DBO05 28.38+0.49°
GBO02 60.97+9.07° GBAZ 65.71+5.66™
DBO03 67.26+8.36™ DB2203A 74.7742.35°
TB2202 60.96+3.66° TB3 15.90+5.57¢
TBI 70.74+2.41° TB2212A 58.93+2.87"
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2.2 DB2203A Bi#kLE

2.2.1 DB2203AJEZSEMAMAEE EHIR
DB2203A 7£ NA {5373 | 28 °C 1537 24 h )&, H&
W RURIE, SFLA 6, R Db S oA 4% s, i

ZEoERE, Y WA WSS AR SR, 2L FREh R

oRFHPE(E 2) o V-P 5. el . AR Ehis
JEARES | A B A BH P, B 323056 55 BH 4,

(A A . WIS TE Ry . miAbE, nI R RR R,

ABEF AR M5 (3R 5) . S5ATE SRR A B
VAR, Wi %52 DB2203A N AEAUFT IS .

K12 DB2203A JEASFHFE
Fig.2 Morphological characteristics of strain DB2203A
[E: a: DB2203A [WERTETEAS; b: H52% [LYL 45 R (1000% )

# 5 TIkk DB2203A AR A LR
Table 5 Physiological and biochemical properties

of strain DB2203A
iH ELES TiH ELES

YL, + T fo it gt +

V-Pit i + JOR 5 -

HI LT + Biliateta +

AALEHAR + TERK i +

| e - PR A A +

TR R IR A G + WAL +

b ST = N L e S =97 N V5 1 o e o= 1 8

2.2.2 DB2203A 4rFAWdEw ¥ T4 E Rk

DB2203A 4 16S rDNA & K 7 514 £ >4 1393 bp,
B P 25 5 5 GenBank B 27 v B0 3k K 7 51 i3
AT Blast FEX434T, SO 27 v -5 AR DU B e 19
HARFIIE R, A NI RSB RsG AT W d—%F
X RRARIEAT gyrb Z LY 2, (] 2xPhanta Flash
Master Mix(Dye Plus) = - B G 1, #5110 4 X
R 35194 34T PCR ¥ 34, gyrB-2F/gyrB-2R A
APt i H B 25 R/INZA 1800 bp, K435 SR
J5 5 GenBank )7 b 2 N RNF AN A7 R PRPE L
XA, AR RGE R BN . IWE 3 ME 4 REik
B A B E R DB2203A 5 H AL A F
L2, Hkk DB2203A AY 16S rRNA FL R FEF|H 5
AT R AL T IR —43 32, J gyrB FER) T4 S Al AL
ZEFUAT PR NCIB 3610 [RIJEEIREI T 100%. 456
e 5 AR R, Ktk DB2203A %5E
TG B ZEHAT B (Bacillus subtilis) o

Bacillus licheniformis DSM 13 (NR118996)

Bacillus glycinifermentans GO-13 (KT005408)
99 | Bacillus atrophaeus JCM 9070 (NR 024689)
Bacillus atrophaeus NBRC 15539 (NR112723)
Bacillus siamensis KCTC 13613 (MN176482)
Bacillus halotolerans DSM 8802 (NR115063)
Bacillus subtilis NBRC 13719 (NR112629)
Bacillus subtilis DSM 10 (MW049219)

92

DB2203A
Bacillus altitudinis 41KF2b (MK773490)
80 100 |_— Bacillus safensis NBRC 100820 (KY 174336)

ilus JCM9731 (NR024690)

Bacillus carb

Bacillus fastidi NBRC 101226 (NR113989)
[ Bacillus paranthracis MCCC 1A00395 (NR157728)
100 L Bacillus cereus JCM 2152 (NR113266)
Pontibacillus halophilus JISM 076056 (EU583728)

—
0.01

K3 JLFRTE DB2203A 1 16S rDNA S 7 5IFg 7
ARG EW
Fig.3 Phylogenetic tree of strain DB2203A based
on 16S rDNA gene sequence

100 1= Bacillus inaquosorum KCTC 13429 (CP029465)
Bacillus inaquosorum LBA001 (CP127095)
Bacillus cabrialesii TE3 (CP096889)

100 | Bacillus spizizenii kegeb sc (CP145137)
Bacillus spizizenii kegeb S11 (CP145722)
100  Bacillus stercoris 92p (PQ106793)
Bacillus stercoris BS21 (CP124601)
Bacillus subtilis NRS6121 (OX419575)
Bacillus subtilis NCIB 3610 (CP130597)
DB2203A

Bacillus spizizenii ATCC 6633 (CP034943)

Bacillus halotolerans MEC B334 (CP100651)
100 || Bacillus mojavensis 28-1 (KF194272)
65 L Bacillus axarquiensis LNXM78 (GU568224)

Bacillus atrophaeus MBLB1156 (CP120846)
Listeria booriae FSLA5-0281 (K'Y175946)

100

[ m—
0.050

& 4 JETHkE DB2203A I gyrB KLPRF I H i
RELEEW

Fig.4 Phylogenetic tree of strain DB2203A based
on gyrB gene sequence

23 KREERFRHRER

2.3.1 WIRREEFRAGGE  niEl 5 R, AHE I
fth =FpREFRIE, SR LB R3S R TS R RO K
) %55 60 PR D T ) 2 B =, 1A EI 94.28%, IR CML,

120
100 f
b
S 80 g/ ¢
%«i 60 Z
= 40t %
0 ND NB

K5 RIR A B SR il < ) S
Fig.5 Effect of different fermentation media on inhibition rate
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NYBD #1 NB 575, Ui LB 853 B G F T4
BIETER R & . PRI, e LB K533l st
KA SR ) SemtdE IRk

2.3.2 KREERFEIsZN E 6 B, X4 & BT TE]
A 48 h B, BRARE A B I, HOR R A i 3
iKF] 93.64%, BEAE A, PRz T, &
SHAEAHTE, EFEY TR, IR e g, I
BT B AE I, 7 72 h B, DB2203A A 1§
YR B B OS PE ) R AR Gk B0, F B R A F
100%, 483t 72 h, HAIMBTEHRR R M. 7T BRI PRk
TEA K E I | RS8R A, FERE H
HifF . MRS, 5P pa IS TR BTk Ao . T2
Sy M SR B R T B TR BRAR 3 B 4 B = A
ERZN (P<0.05), PIERE 72 h AE Ry e K st aE],
FEEEAE R T —28 IE 3SR ) s A o

120

100 b a a a
= 40 % %
20 % /
48 607;@;5;[‘2@ " 84 96

Pl 6 IR A B o)X 00 i 3R F4 52 )

Fig.6 Effect of different fermentation times on inhibition rate

2.3.3 EFPhEAGFEN ARIE 7 AT, BEE TR AR
T, PR TE Y BT e S B SR SR s R, 2
WVIUREEFE N 6% B, BEIR DB2203A & BER (T B
T PEIR FNGEAE, F1H FRIKF] 99.79%, Mi7E 8%~10%
AR 2 ], TR TG PR R, HEIX AT BE RS
FRILP R R 2 SRR TSR I N, Hre A
1R MICT, T 2245 Rt s R R X B AR AP B
Yy s A B35 (P<0.05), (Rt 154 6% $ERhE:
SiE AR, IR T — 20 IE AT 0 A o

120

100F ¢ 4 b

/

.

%

2 4 6 8 10
HeAfit (%)

7 ORI X 2R 5 0

Fig.7 Effect of different inoculum size on inhibition rate
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2.3.4 FEREEAYREW N 8 TR, BEMEETE 10%~
30% B, KPR OISR e ETVE I, Je ki

BRI ISR T, X AT RE R T RS e
PRI ES, E FR ) R 22 BT LA Sed i BT, Rl e
AP IR A E AN R FEEM N FFHRE
TE 40%~50% Z [A] P B 16 P 25 S AN i 55, FE28 W
S 50% B, IMERRRGA B e s . REE T, 2T
A, FE R LR v R IR PR 23 B ORI b 35 B
50% B A I HE R DB2203A A& WS 35 B i 2
Wi, e S AN Ak

120

b ab  a
W B S
o
S
M EERR
o

10 20 30 40 50
Pt (%)
P8 AN [ S i o 41 i 4 A 5
Fig.8 Effect of different liquid volume on inhibition rate

2.3.5 WIhh pH kEm  AnE 9 FroR, K5 3R RV
A pH X PR AR DB2203A 7= 24 14 0 B8 1% 14 ) Jo
A w35 520 (P<0.05) . 7E pH6.0~8.0 YL [Fl P9, B ik
DB2203A ) & I i 7 H I e i 30 B 0% v, FL7E
pH K 8.0 BFisFIEAE, X4 pH & 5.0 8% 9.0 B, K%
WO WP RSP IEH:, 3X U58 B P sl i v Pt v
AFTF BRI RA K BE T S I & IS PR B S k.
I, pH 7E 6.0~8.0 X [A], 3 5 PR 14 400 B 42 Jo 1149 7=

H, FEERE pH oA 7.0 AE S IEASIREG s £ o

120

.
o
20 %//

B9 AN[F] pH I R 5
Fig.9 Effect of different pH on inhibition rate

2.3.6 IEASIEE  ASWFTT LK 2 A AV e /N T,
1E LB BE3R3tV e M IEaidin o3 m 56440, SE Bk et
(6], FeFE A 4G pH 3X =48 R 2., XA 2R
FFE& DB2203A 119 & B7 5514 3547 T Lo(3*) 1E 2k
5o NI EE AR 6 TN, 4E 3 B E A, Wit pH
SRS S5 R R i R, KRBT IR 2z, PP s
Be/he WNER 6 i, Sl RIERSAFILE G0 A,B,C,,
Biwytf pH7.0. &K EERFE] 72 h, EFPEN 6%, fEHA
PS5 F T DB2203A & PR X 0 A 4 7 DT g 490 o) 252
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R, A,B,C, HEFIFTHIAFE] T 100%, HE55 A
R AP RZE R, I B LR R e RS 22 Tolk
AEAT O A0 HAR, PESeie s A,B,C, #H1T/A4E
R SIOIE, MRS IE SIS i i PR a5, R
1 3SR (LB) Flil R i (50%) 45140 1, 2l sr 3k
AT 3 IREEE L5, “FEIHNEI R 100%, 5 1FE 385
ZERE T2

o IEAIAR(Ly(3Y)
Table 6 Results of orthogonal design Ly(3%)

WS ACKEERE)  BOUEALE)  CRIlGpH) IR (%)
1 1 1 1 94.75
2 1 2 2 98.44
3 1 3 3 96.46
4 2 1 2 100.00
5 2 2 3 99.98
6 2 3 1 98.17
7 3 1 3 94.89
8 3 2 1 95.50
9 3 3 2 99.25

K, 96.55 96.55 96.14
K, 99.38 97.97 99.23
Ky 96.55 97.96 97.11
R 2.84 1.43 3.09

24 ARIKEABEEX R EEREARI

AWFITIE L PDA 5537 5b0 BE R BRI PEAS T B
Ik DB2203A K =H) M s (& 10) . ansk 7
FIT7s: KPR 2.5 A R sk 5 A o] o 45 2] 700 AT R 22
He K 20 15 RIS 89.25% MM, 40 15F
BRI PEATSIA 59.25%, B R HA L
SRR TE

5% 106% 201%

P10 A [ e B TR I RO 1A 2 0 AT 1 80 R
Fig.10 Inhibitory effects of fermentation broth at different
concentrations on Botrytis cinerea

KT HRER B R F A R EOR
Table 7 Inhibitory efficacy of diluted fermentation broth
against Botrytis cinerea

TR EL (%)
2.5 100.00£0.00°
5 100.00£0.00°
10 93.54+0.98°
20 89.25+0.82¢
40 59.25+2.73¢

2.5 FEHU4AE DB2203A HIE4IRAIR

2.5.1 JRMCHIRY = A TS SRAABRDL
VELL, 1S RIS HR RIS = 0.155 g IXIRE oR
SR AT TG M, 76 0.4 mg/mL WJE R, BEHD IR
HiFpE 22 A 1K, EAMBEIRPEREAE, P54 %] 62.18%

(1D, UEBHZ B AR AT RS NG IR o, Jf-ii
RS2y HPLC Kl 4750 0E., 5 CHAE AT B 25
TEAT BB IRSACI =2 AH L, andkoie 2504 G e 15 51
AOARS B 2ZE AT B KC-WQ, HAME KIS =%t ]
G B WS e, M DB2203A i k248 )
TR R IR B A B LR S s I BRSO Ak S8
SEDS AT A 4y B AT B B A R ZE AT B BBs-
27 FHALL, B IRSEHE By o 2 88 ) 8 (Fusarium
culmorum ) P& 22 W5 2% J1-38 0 e IR n] 184 2 L RTpE 1Y
B AR R 22K . AT, Bl ki
PO N e e O U ST R 7 6 N 187 N DI i WA 2N 7 S e 2
FUR M5 | R A P &2 R B A Y
&k, DB2203A TRIR AR IRSSACEH T~ e A= WG
Iy T EAE BN 77, AR S S b ks iR
PR S 1) AR PR Sy o

P11 IR IR W T B Ak 4 T B v
Fig.11 Antibacterial activity of lipopeptide crude extracts
against Botrytis cinerea

(33 a: Xﬂﬁéﬂ, b: ﬁiﬂéﬂo

2.5.2 HPLC 43#r RABIFEN HPLC Jriks3 5iXt
FIAITE M (surfactins IR G ARE R FIE £k DB2203A
MR UTHERL RV T T i o bT, 25 WEl 12, i@
b b LZH fo 3 05 14 £ B8 BF 18] . AH 0T 5347 FIAE X ide
TR, 2 SV A ELAE e i P AR o SR T T M 2R
(surfactins ) Jz F ZFE AT PR & 9 A2 18— R A HAT AH
IIEASEERG ARG AR, AR G MT 554 T, 280

160
a0
106
5:) 80
g 60
40
20
0 R JLA . .
-20 : .
10 11 12 13 14 15 16 17
LR BB ] (min)
b 00
1000
800
< 600
= 400
200 .
0 o —

10 11 12 13 14 15 16 17
FR-EBFA] (min)
K12 RACHLERY) SHRiEdh HPLC DR B IR LE
Fig.12 Comparison of HPLC retention times between crude
lipopeptide extract and standard product

T a: bR by HLEEY) .
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=] N ARG RRNE, 55—l AR B B EI AR
11.7. 11.9 min, 585 " ZH LR B HFE]FE 14.3. 14.97 min,
o5 = AR BB EZE 16.7. 16.9 min, ik DB2203A
PR DO R i B 7 SR ASAH [R] 1) A B 1 TR 80 £ 33
g, BURSE =20 ARG AR G, 3B A4 e T
VIMWE MW IEYE, SZRFEIE DB2203 A T2 A= (3 gl
YRS MR R RIS ahie .
3 #ig

ASHIFFEIN 2 1 2R 5T LU KA S (e FR A v 4 2
THEER]— BRSP4 DB2203 A, 2585, i H R Al
T ZEAUAT B (Bacillus subtilis) . HICHH & BERR X JK
HE L (Botrytis cinerea) W FRIL 74.77%. B
BUE PS5 ) S WL 1 At = = W ! | e R G o7 )Y
PEAES N LB 53R, P it 6%, 28 50%,
Vih pH7.0, KIEETE] 72 ho FEUMGSRIE T, TOH K %
W5 A5HR RS X AT 25 70 TR 58 A i), 40 A R
TG HEATIIR 59.25%, IEAb, i B DT3RS/
HIRPIAEARE Ny 0.4 mg/mL I b D] 4 70 B 22 2 4
HABGEIMEEVER, 3HRE 62.18%, =& ot
AR 5T PN AR AR PR BT YR 09 1 U R, 45 5 e HY PRRR
DB2203A HANE I & 3nh KB A= Bl i v
J1AHESCT AR DB2203A F=A N B 4 51 4325 4l
A S o5 . IBE L 5 8] B B e 2Lk — IR A
oI
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