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The fengycin lipopeptides are major components in the Bacillus subtilis strain NCD-
2 against the growth of Botrytis cinerea DONG Wei-xin, LI Bao-ging, LI She-zeng, LU
Xiu-yun, MA Ping, GUO Qing-gang (Plant Protection Institute , Hebei Academy of Agricultural and Forestry Sciences;
IPM Centre of Hebei Province; Key Laboratory of IPM on Crops in Northern Region of North China, Ministry of Agriculture,
Baoding 071000, China)

Abstract: The Bacillus subtilis strain NCD-2 and its cell-free supernatant showed strong inhibitive activity
against the growth of phytopathogens. The NCD-2 lipopeptide extracts showed a strong inhibitive activity against
the growth of Botrytis cinerea. The major antifungal activity compounds were isolated from the lipopeptides by
Fast Protein Liquid Chromatography ( FPLC), and identified as fengycin based on the profiles of matrix assisted
laser desorption/ionization- time of flight mass spectrometry (MALDI-TOF). The antifungal activity of fengy-
cin was supported by in-frameless deletion mutagenesis and it targeted to suppress the biosynthesis of fengycin
production. Compared to the strain NCD-2 wild type, the fengycin-deficient mutant strain decreased the antifun-
gal capability significantly. Further bioassay indicated that the lipopeptides extracted from the fengycin-deficient
mutant not only lost the inhibitive activity against the growth of B. cinerea in vitro, but also significantly de-
creased the control effect against tomato grey mold on detached tomato leaves. The results could be confirmed
by assays using bacterial suspension between strain NCD-2 wild type and the fengycin-deficient mutant.
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i B ZE M AT B ( Bacillus subtilis ) B J6 F 90 9
FHILRIE A2, FEAFEMEEN 2P EH]
FARPUPESE Al B2 BAT B AT LA AR 2 R e
TEPEY B, Horp iR IRSE BT A Z 02 HO R 7 A i) 24
WY, BRRREHUAER B T EAMBER AR
PRI FPROHI S0 TER YR F PG b A &
BN, e E MR (surfactin) PR TEH &
(f45 iturin A  mycosubtilin I bacillomycin D) )
M F 58 & (fengycin) 2541 2k & (fengycin A FlI
fengycin B) J&Ali HL 25 MU 7 A 19 — KIS AR kPt
A e R 2 EEE A R E L AR OB A
WA M, — Ml 7 (surfactin A1 iturins ) BY 10
(fengycins ) 4™ a-Z LR AL WP IE ARBE R 1 A~
13-18 >-CH2 41 HY B-Mii 1y BR 6 41 n, JF ELIR] —
PR KB A R — M A 3-5 DR A2, AR [R]
RYITERG Wi BR B 0K LA B 22 5% iturins A1
fengycins ZEHTA: R XS 2 FAE Y i B B B00R
FOFEPLIGPE !, surfactin B4R [ B XF L 1 A 1
I A0 TS ME, {H surfactin B 3 5% iturins B,
fengycins P B IG P O7) 0 BR T B A I B U
A, surfactin Fl fengycins i HA 75 TP 1EH
(ISR) ™%,

L ZEBUFT B NCD-2 BRI & — R XS AL B 25
o P P2 A DK 20 T 5 22 M i I L TR LR R
SRABUIEPER BT AR, L NCD-2 BBk R i
BT TT 2 WA AR 26510 A2/ SRk 5525 BT I ]
MR CAR A 25 IE R d . BT R B,
LR AR A B A0 TR PR B A AR E 1, O B

Table 1

M BRI R (B K AU 3 e HET NCD-2 B
PR L ARG YR v RE M IR IR R P AE R, A
WG LATE 0 K E2 9% 1 ( Botrytis cinerea) N +8 78
e 2 1 R (3% ( FPLC) A5 4 R X} NCD-
2 TRAR P AL AR TG PR Bk A 7 40 5 4 0 | Gl o 41
TG T B AR A R 5 PR ) B /e NCD-2 T B AT
il A K EE T VR ] . BTl NCD-2 Bk ™ 2
() TR PR BT, T O NCD-2 [ bk & B A5
MIPEAL L B NCD-2 TRk 1435 15 e [ 42 {1 o 20
WAz

1 MRS
1.1 ik Ek S B

ASHIEGE BT ) B bR S BORE ILER 1, KRIGAT I
( Eschrichia coli) %M LB ¥ 333k 37°C 55 3%, At
ZEMUFT B NCD-2 PR ik S HL 2 A8 FAE 5 30% Hi
i LB (Luria Bertani) 5353 s T —80C KWIRAE,
fHFHHIE LB FEARFR3E E 37°CH 1k, ARYERLAY
Ptk 76 LB 8533 m AU E R (Bik R &R
SR J R EHR 100 pg/mL ZLH R 2.5 pg/
mL) . KBRS SC 00 % 5 BT RAE

1.2 5|¥&MK PCR ¥ 18

AT i F 5 | W) AR 4l ity 5 2 B 7 NCD-2
ARSI 4 7 5 3Tt , 5191 i Primer premier
5.0 SR, I A AT R 2, 5196 K
P SN AE i A TAEY) TR A R 58, PCR
P75 BT HIDNAZR & il P b st 20 a A R

Strains or plasmids used in this study

Strain & plasmid

Characteristics

Source

Bacillus subtilis strain

NCD-2 Wild type

Laboratory stock

NCD-2 mutant type, fenC and its promoter were deleted by

NCD-2( Afen)

homologous recombination

Botrytis cinerea
Escherichia coli DH5«x

Pathogen of tomato gray mold
recA/ endA/ hsdR17 deoR thi2/ supEA4 gyrA96 relA/

This study

Laboratory stock

TransGen Biotech

E. coli and B. subtilis shuttle vector, temperature-sensitive

pMAD
plasmid, Amp", Ery"

Gifted by Dr Zhang Jie

pPMAD containing fenC and promotor deletion structure;

pMAD-Afen
Amp", Ery"

This study

Note; Amp’, and Ery' indicate resistance to Ampicillin and Erythromycin.
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Table 2 Primers information

Primer Sequence of primer (523°) Restriction site Position of primer”
P1 CGC GGATCCGCAGATACGCCGAAGCAC BamH 1 +2 005 bp
P2 CGC ACGCGTCCGCAACGACGCCATTAG Miu 1 +161 bp
P3 CGC ACGCGTAAAACAGGTCTGCCGCTAT Miu 1 —-363 bp
P4 CGC GAATTCGGTGACAAACGCAGTGAAT EcoR 1 -2 008 bp

“ % ” . Position of primer was fixed to the initiation codon of fenC gene. Specified restriction sites are underlined.

A FRZ> W)Y HiFi DNA S5 ; 1056 B T R 1
DI T4 DNA JE i PCR 7= ) 2 AL 050 £ 24 1
HSE A TR (R AR AR

1.3 NCD-2 BE#kBERAEIMNE ¥ B aY R EX

SR FH AR R 1T UE F1 2325 A7 1) 77 75 S L NCD-2
FARP AR RS R . NCD-2 Witk T 5 mL LB
WARIEFR g 30°C (180 r/min ¥555 12 h, SRJ5 LA
1% (45 b i 55 492 51 200 mL 3 5 1% 35 L rp 180
30°C 180 r/min $53% 48 h, RGN IG B L IR
F47C 8 000 r/min #.L> 20 min, W FIER, I H
5 mol/L fJ HCl #415 pHEE 2.0 ~2.5,4CH#E
8. YHLL8 000 r/min &0 20 min, IKAETHE,
P UTE e TAES kT )5 H 50 mL H EEdh 4
2 K, A IR AR B E IR $2 4 .

1.4 NCD-2 E#ilEEEM RN S BMEE

NCD-2 kI ICHEEY T @ =0. 22 pm 4R
1SS R AKTA Purifier 10 Pk 24 (M (3%
(FPLC) Xof 2 I8 Y v 410 B 0 4k 0 ot 6 47 4 5 A 4
fk. {5i%4: &y SOURCE 5RPC ST 4. 6/150 #:, Wi
FiIAH A B 0.065% =T LFRFN 2% LN HIK T
WA B A 0.05% =R 80% LI
W, KK oh 215 nm, Hi#E A 1 mL/min, A6
PE #2450 min UL SHAH A B 100% 2] 0, F
S dE FPLC 454157 WA IROR e i 78 R ANHEA T
WA, ) FH T 46 e AT B NE M (iR
1.6) , X ELAG I B8 35 1 110 4L 40 a0k A7 8 5 4l B O
fife Ay FL B RATIN E] B3 ( MALDI-TOF-MS ) 73 #7 48
JE AR SCHR 08 ARG 2 AT B RR AR bR R
() 43 %) NCD-2 B 8 100 D 1 14 ) o A 7

2 [14,15]

E o
1.5 Fengycin & EEEERRXRTEEKNEE
MR YR AL 55 25 AT 7 NCD-2 T £k fengycin & i

fifi 3 [N 7 %)), ] B Primer Premier 5. 0 %X {4 ¥
fengycin & WEEFE fenC 1 L T UE BT 4 %
19,514 FR A S s B DI S W& 2, LA
NCD-2 [ ¥k 5 I 41 A, 43 51 LA P1/P2 F1 P3/
P4 51Y)2H G #£ 47 PCR 9714, PCR ¥ 3% 74 [nl ik
glifb e A A Ml 1 3047, W) 7= 4 B 3%
Ji DALY RN, P1/P4 51 ¥E4T PCR §°
W Y ErEY A BamH 1 A EcoR 1 MUY 516 A
F] pMAD JE#i BamH 1 Fl EcoR 1 13 5 0], #4
fengycin & Bl 5 [A] ik 2K 28 48 40 /& pMAD- Afen,,
Bl 2 AR AR 2 I B0 UE IE W |, 2R FH R A IR Ak
(07 V5 5 Al R 2E I FF B NCD-2 B bk, &
M4 Arnaud %517 F1 Wang 51 3538 1Y 7 15 07 ik
fengycin G BBGIE R R RAS T

1.6 XtEMRERERINEFENE

K FHAE MG IRE RS % 5 HU B NCD-2 1 AR B A= 7
e GEAE T T it K B B B PR TR . A AR 9
cm [ PDA R 5E o B AN 5 mm /)
e FET R DA A, PE B KRR TR 2 om Kb R EE R
TG NCD-2 B A BB bk S AR 7 25T $5 5%
5~7 d J5 b3 NCD-2 B A4 7Y pj g S Hige 48 7% 35
VR AT LiOE R ARG
FIFH A HAR I LA NCD-2 B RR S AF 8 7 H 5
7SR KB B % e 30 K 2 A AR s B e
#% 1% PDA(1 L K5 & 10 g Bifig) Biodtk
VERFIZM, 15 T J2 AR 58 4 e [ 5 ([H) R 24
h) ,7E 50C .100 mL 0.8% PDA };F:3: (1 L ¥¥%
HhEA 8 g B FINA 2 mL i K R A
AT RIF IR (RN 10° A~/mL)  FHRIR S
JEBITE N ER 3 AR L2V, FRRE o kb
[, 7 A 4 i SUZ B 3R 5 Al il 2 AN K
AR A3 AN A NCD-2 B bk B A= 18 % 298 728 1 1)
RIREE IO, B A= AR A 150 WL B k42 H
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), 25 CHEE 355 ~7 d J5 i NCD-2 B4k BT
Wk K HL 2R AR 1) i K4 B ot 38 om0 B0 TR )
ETR TN 68

1.7 NCD-2 B#cEFEBRH fenC REFXTEM
TR B HI B R0 E

FEFE A BRI B L3 5 Fe A NCD-2 B RR BT AR
YN fenC €78 R R HRCH) o0 7 4% 4 T 2 i
KRBT AE I
1.7.1  FRARRBY &5 R Fmea Ry 4R ik
AR ], R /N — Sy £t e A st i e, L E K
R T J e 1 2 K e 1) B B B 341 &) I3
Tk R 0 R, R A A IR I AT R SR
Hh WA R A B TR C0 DR, TE 5K v ]
TR ELAR R 5 mm B iH K A o R, SRS
BEEAT A RYRE FR I 25C G B RE FEAA TR 3% 5
~7 d Ja g i B SRR L , OB 2l 7K S T B
1.7.2  Hikgmpest &k Fme k4P ERA  NCD-
2 PRAR I A Y e H fenC 2875 43 51| F 200 mL NB
(Nutrient Broth) 35 5% 11 37°C ,180 r/min #%3% 3%
7% 24 h,10 000 t/min .0 20 min Y8 F A&, I H
30 mL BT NB 3% 97 W B 7 A, ) 45 T Bl
(E R FE 25 10° cfu/mL) , YEBOH R AH IR, K
AN—B AR R TR A, PGB B i T 5 7R TR

350 1
300 -
250 1
200
150
100
501
0

LP-b

Absorbance unit/mAu

LP-c

B HIR 1 min, 78 AE5K b ) R R O K
R E R, REE T 25 COC BB A b i 9% 5 ~ 7
d Jo MBI 1 & 1 0, T B 1Y) NB 35 97 1R Ak
AR AP AT 3 L, BRI 2 5k

2 HEREHSH

2.1 NCD-2 B#kHiEYM RN BNEE

NCD-2 FE kg BR32 B 28 FPLC 43 85 )5 2 30
3 WY (LP-a, LP-b. LP-c) , T T4 3 Yk,
YRR E AR 2 1 mL JE AT IR IS PRI, 45
R, By 2 YT (LP-b) X % il K 2595 1
FEIH IR (RS BUIEE  M4L4y 1 AL 3 WA
BREPUEYE(E 1), KA 2 YR (LP-b) i#tfT
MALDI-TOF J5ii% 53 #r, 45 R KW, LP-b "h 1% 2
R o, AR I AL 25 5 Bl A 29, A AR IR 5
Y12 18] 14 4 F f AH 2% 14 Da, 18 51 2 5 107 9% 4% -
CH2, LP-b "5 —F ) 5L o F 143 N 1 447 |
1461 .1 475 .1 489 F11 503 Da, %4 fi 5 fengycin
A B4y FHAIVC IS ; LP-b R 55 — A B o 14
AR 1449 1 463 1 477 1 491 Fl 1 505 Da, %4
Ji5 fengycin B s AHCEC(E 2) . KL, R
P o FEHEWT NCD-2 k™ A i B B 6 e
JFi M fengycins'' .

0.0 10.0 20.0 30.0 40.0
Rention time/min

(A)

Fig. 1

50.0 60.0

(B)

FPLC chromatogram of antifungal activity compound extracted from the culture of NCD-2

strain (A) and the inhibition capability of active fractions

against the growth of Botrytis cinerea (B)

a, b and ¢ were three main fractions analyzed by FPLC, respectively, the lipopeptides

was the extract from cell-free supernatant of B. subtilis strain NCD-2.
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Fig. 2 Mass spectrometry analysis (MALDI-TOF) of the main

antifungal activity fractions of Bacillus subtilis NCD-2

2.2 NCD-2 E#k fenC EER AL RTFRIHE

WX NCD-2 1 # 1 4 3k B 41 5 91 47 93
BT, 3545 9. 06 kb [ fengycin 4 ¥ il 32 R 452 1 30 4
J#%1| ( GenBank * 3¢5 : GQ906579) , ¥4 b X &
i NCD-2 kR H 1Y fengycin & Bl 3L K 7% 77 571
SRR ZEMOAT TR 168 BBk plipastatin ( fengycin )
B ML R 3 ( AL009126 ) 41 [RJ5 1 R 95% , 5
A RLZE R PR F29-3 TR BE H fengycin & 1 B 55
% (AF087452) J¥ 4 [A)J5 44 83% , Fengycin &l
BEAFAE 5 DUt 3L ARKIK A fenC  fenD fenE . fe-
nA il fenB™") HH5 NCD-2 Bk H 45— fengycin
A B 3 [ —fenC 3£ X 1R 7P 50303 4 451
Py, Lk NCD-2 B A5 R TR R i R 21 A543 501 01
P1/P2 Fl P3/P4 5| W4 & #E47T PCR ¥ 314, 4R15 K
/AT 844 bp Tl 1 645 bp B I By, 2 N
F B Miu | BV 7% 4% )5 R, R PL/P4 5]
YIHEAT PCR 9719, 4775 K/N K 3 489 bp HYY 14
B, [A] NCD-2 Wbk 1 H fenC FEHAH L, P1L/P4 §™
R B i T 524 bp B R B SO R B
B fenC FH KR S FRYER 4> ¥ 51, P1/P4 §7 3
FB% BamH |  EcoR | XY 5 |, 46 A [F)4E XL
YIRY pMAD J5 ki AH WA 45, BI A5 E] PMAD-Afen
BRI G AR B, B AL R A 1 R R g AR AR R A
NCD-2 B bk 47 5 il 5 28 i 18 | AR A 21085 R

IR, DUBURE bR B NCD-2 B2 70 T bR KL DX 20
DNA MR, UL P1/PA A5 #3547 PCR §738 45
TRUERA , 21 %5 R HUH FR A0 P 1 A B4 NCD-2 B
A RV R 1 BN 500 bp (K 3) |, R Z L
RIURTE KRR N fenC FEPRIB R 28 A8 T AR , AT 44
NCD-2( Afen)

M 1 2 3 4

Fig. 3 Agarose gel electrophoresis analysis
of the construction of integrational
vectors

Lane M. DNA marker; Lanes 1-2 were PCR fragments am-

plified by primers P1/P2 and P3/P4 using NCD-2 DNA as

template; Lane 3 was PCR fragment amplified by primers

P1/P4 using NCD-2 (Afen) DNA as template; Lane 4 was

PCR fragment amplified by primers P1/P4 using NCD-2

DNA as template.
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NCD-2 B HF A£ B &k HRETF NCD-2
( Afen) BE KRNI B & 2R B g 3 47

B ERBRUTIE LR B NCD-2 By 4k AU B bk & H:
RAS TR KK W i, 4 FPLC A 6 B, B A= 7Y
NCD-2 FEHRTE 39. 41 —48. 95 min &b H B0 )7
{8, BT FEUE 52, 2% W4 fengycin #a I 06 ( 1&] 4-
A) . 5 NCD-2 BpA4: BRI #RAH L, 2848 F NCD-2
( Afen) 7 39.41 —48. 95 min 4757 H B (i
IEAE (] 4-B) , IEW] 28748 F NCD-2 ( Afen) $£%
T 774 fengycin HIRE T,

2.3

300

200
=
<
E
g
g 100 -
8 |
0o
< LI A, W R »

0.0 10.0 20.0 30.0 40.0 50.0
Rention time /min
(A)

Absorbance unit/mAu

2.4 NCD-2 BHHMRHERTFXNEMKEREH
EE L

TE PDA }558 58 b L4 T NCD-2 B A AU b
R HLGEAE X6 7 il K B s TR AT TR TG A, 5 Rk
L, NCD-2 5 A AU TR b XoF 2 73t K 25 0 T 2 2 i1 9]
AR ER TG | T 5 788 X 3 i U R B P B O
PER RN B 5-A) o SRATAFHEAR L AL T B 2R
I NCD-2 FlZE A5 Big IR AR B X6 76 i K 859 1
OIS P, 45 FL 32 0, NCD-2 B 28 ) 3 bk 1 i ik
U X T ot 0 A 2 B L A () B PR 1 T

150
100
50
/5 V\‘J
0 — J/LL_,/ e Ml ,J\.M ‘JL\MMJ’I\’\\ﬁw
0.0 10.0 20.0 30.0 40.0 50.0
Rention time /min
B)

Fig. 4 FPLC analysis of fengycin synthesis from Bacillus subtilis NCD-2
wild type strain (A) and fengycin deficient mutant strain NCD-2 (Afen) (B)

A)

Fig. 5

(B)

Inhibition of the growth of Botrytis cinerea in vitro

A Inhibition of the growth of B. cinerea by B. subtilis NCD-2 wild type and its mutant strain NCD-2( Afen) ;
B Inhibition of the growth of B. cinerea by the lipopeptides extracted from B. subtilis NCD-2
wild type and its mutant strain NCD-2( Afen).
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RAZAF (G KL U T LT 56 44 28 T X 3 il K 25
IR TR AU A TG PR (] 5-B) | IEBA fengycin £ NCD-2
TR XS DR 2533 T T A v A E 24T E

2.5 NCD-2 B#FLERRHE fenC BT F3TEM
X ERHIBE1ER

TEE RN R 1 IR T B AR A NCD-2 B ik =
SRR i IR HE B0 0 BT A 240 it ok 2 7m0 1) B
BAEH (I 6) . 455805 d 5, W FRALBEAY I A 3
KBRS G5 B, 3+ B BE %5 4 K sk %
7., NCD-2 B A= R AR AN IS A2 R IR ) i 2
P2 A BRI A BH S 0 R R 4 T 98 AE T
NCD-2 ( Afen) i IR B2 By 55 T 44 240 i b 341 7y 1
F 4 B A R B B, RV R B BRI R BE
TR N (HAE A (B B RIS SR 6 A K
KR )2 UERIFE B AR i | NCD-2 Bf A= 7l
AR (14 B PO B s T 42 248 J6 % 3 i K 250 H AT
AR B IR AE L, M 28 42 F NCD-2 ( Afen) Y i§
JOREE EBC S AT A 240 i Sl =5 R I T ) 3 it K e 1Y)
BB EM

3 it
L T Al 25 2 LT 1 v g IR bt A 2 I e o

CK NCD-2(Afen)

FER ARG 3 B 485 6 i %8, iR AE 4 o i O B
FF [F0) 11 43— 28 0 7 40 5 A 2 o i a4
L 2E T BOO A PR B A T S e I S S R
AL NCD-2 Pk th 43 B ali Ak i — ok 2 i 2K
B TR LA SR T P R I R A IO, VRS A AT R
ZW T i VE K 2 MUAT TR ( B, amyloliquefaciens )
FZB42 Ttk W ) fengycins H. A5 AH [6] i) {4 B3 1+ (1)
(SRR AT 2 B T 5 fengycin
(15 F I AHDCIC , 35 I HE WG PE P B R fengycin
FKpiE R, it —2F NCD-2 Fkk =4 30
TSYEY) TN fengycin , AN 5% 38 1o 7] 5 B 2H 4 AR X
NCD-2 Ttk P 4ih fengeyin A A1 FE A fenC 3
177 BRGSO AT ], AR R T
PEZAN TG PEY) BB RE T, e AR A TG Y B
fengycin,

Fengycin X} Z2 R ¥ It L, 0 HOR 2208 5
PR BRI HUE T, HAE DL VR T
D20 BELRE 2 i )2 DT 82 R 4 L B 1 45 4 s
B HETE A RIEUEY fengycin X % i K Tk
PR PSR B FE PG P, U0 Li AR RS R B, B
FOZEMUAF R BAB-1 BRIREIT A1) fengycin X) 2
JREEHA TR 2 LS A5 BTG, I LI B 20

NCD-2 wild type

Fig. 6 Control of tomato gray mold by the lipopeptides (A) and bacterial
suspension (B) from Bacillus subtilis NCD-2 wild type and its mutant in vivo
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22K WIE 5 A TRk 41B | Toure 451 41
KB fengycin XK B g 1A 2 A IR TG L, SR
TS B TR PR (R A Z R R 5T, A surfac-
tin .iturin A | bacillomycin D F1 mycosubtilin 55,
W TE WA fengycin 78 A= B A 2 AT B8 400 71 2
R AT R HERIPE . o sl 2 T B, X AE B
DA R o1 () G R DR A T 9 AR | L B A A
Az 815 TR AR I 5748 - X T B %) 400 B T P R 2R
B A R K A AR R A TE PR R e b
FHAT I (B. amyloliquefaciens ) C06 T ¥k [A] B p=
H R AKZE P4 & bacillomycin D F1 fengycin , i i3
FE PRI 5E A8 47 AR 43 0l 3R 45 3% 2% bacillomycin D Al
fengycin G HRE 7 19 58 48 -, H00 B T MR e R W
fengycin 75 CO6 TRARAN il 43 J& 99 14 ( Monilinia fruc-
ticola) K¥%E FEAEM'® . Yanez-Mendizabal 5%
T R B, 8 Al 28 MO AT R CPA-8 Ak ) LA™
H: fengycin iturin A il surfactin %5 Z F g LB 4
Z {H3%% fengycin G HBE TR AL F5E LR T
X M. fructicola B4 B8 3% V£, 1% 45 5 5] A 0E B
fengycin 7EH BTG P b & 45 E SN, ABFS
X} NCD-2 k& fengycin & i 3L [N fenC #E47
TR A AR IR, (A B A2 A NCD-2 1 #R A
He, 22k 77 fengycin 5878 F i 3 REAR T X 2 i K
B R RS PO M i — DA R BT
NCD-2 T R B A= B 7 F 78 1 (4 i Jk 41 O o
HRER IR IR VE T, 25 R, [7] NCD-2 1t B
A RUA L, H G 1 i IR R st 2% 1 X et
JREER I BGE - . IR | fengycin 7EA B 2F
JEAT B NCD-2 B il i o T A 4 L K B i 7
HREERR & T EZ/EM .

R 2 AT TR R A b K 5% R T
Gt M0 B R o RS IR R K B A &K, W
fengycin , surfactin , iturin A | bacillomycin D, myco-
subtilin %5 | {H 3% 3 AN IR 3 [A] — B8 R 76 A R AR
1 AR P BB AR [ i) 7 A X S TR A B, B e A R G
fith B PR sl A 21 HOA 70 S 2e R 1 A K B Bk
R 3R EE T A Rk it X NCD-2 B bk 4
FEPRI2H 9 34T 3 B & B, NCD-2 18 bk Ak R 2 vh
FETE 2 BR RIS J5T 1 G i 35 A1 2 | JFC v (0 8 S
surfactin [ srf &M% 259 bacillomycin D #J bmy
FEHFE  gmi fengycin Y fen FE R 7% DL K g it ba-
cillaene 1) pks B 7%, H TAM SR H T8 &

fengycin & B 3 53R (Bl Rk k3R, Utk
NCD-2 FPERY i K32 ) v 32k fengycin, {H
AWFFE LI, R fenC FER AR T BARER T
fengycin HG BLHE ST, (HIEAS = AL T —FloHT 1)
Wy, FPLC Z5 5 & L, iz )% 5 bacillomycin D )
PR IR A —F, B i g R LR Wz R S
bacillomycin D BA—F1) 5315 (5R KIH) ,
IR I | Bk 2 ZRAE fenC F R 1 A fengycin & A%,
eIk HBE N T 2848 F 1 bacillomycin D 1Y &
i, i#id RT-PCR (reverse transcription PCR) £ K
IHTRAE fenC K 5 bacillomycin D & 1 i & A
HIFRINTE DL, B2 N arF- 7K BRA fenC FERIXT ba-
cillomycin D & ABE T 9 5Z R,
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