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. BT R K A F ATE Bacillus subtilis M29 Xt 3 N A Z 0 R BT 6 %R, AENE Y
FRA R AN EALE . ARG M T T WAk M2O I M R I R R R R R A, H—F
G AT, BEATE. FLEAN A IER N E T T E R AR . R KW, DL Landy 353N 3
B Wt pH A 7. BEFRIBEAE 30 C. B 36~48h B, EHR M2 FAWMEN RN E RERLET. &
Pk M29 1 4 AL IR AR A I vE i LA AR M AR R M. A, EE AR M29 R E 4l DNA F ¥
& fengycin B IR IEE fenB, %4 BN 2| Fengycin B 80T &, M E H M29 2341 # ¥ ik 77
TE P8 JRK 40 £ & Fengycin B, [ M, A% 3 3 HIATH M29 7 fb 38 8 200 A R 40 A4 2 kA0 40 B 3 A K, @tk
IEFREAET LR EREGZE ONE G, KAFRSA I T ERNIEMEE e M29 AT EHLH], [F B4
Y912 7R R SR N F R S8 T

x ¥ I8 NMEFHATE Bacillus subtilis M29; 3444 MWE M, A8k
FESES: S476 YHERFRERD: A XEHS: 1005-9261(2019) 06-0930-10

Optimization of Culture Conditions for Antifungal Substances Produced by Bacillus subtilis
M29 and Preliminary Study on the Composition of Antifungal Substances

JI Guanning'?, WANG Zhipeng', JIAO Jiaguo', HU Feng', LI Huixin'?"
(1. College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2. Jiangsu

Collaborative Innovation Center for Solid Organic Waste Utilization, Nanjing 210095, China)

Abstract: Our previous work found that Bacillus subtilis M29 has a good control effect on cucumber Fusarium
wilt. However, the composition and mechanism of its antifungal substances are still unclear. Here, we will
screen the optimal culture conditions of this strain, and determine the composition of antifungal substances
produced by the strain. We determined the culture conditions based on the antifungal effect of the substances,
optimal conditions (e.g., temperature and pH) were selected when the stain displayed the strongest antifungal
effect. Then, we analyzed the composition of antifungal substances using heat treatment, enzyme treatment,
gene detection and mass spectrometry. The results showed that the antifungal effect of the antifungal
substances produced by strain M29 was strongest when Landy-based medium was used with an initial pH of 7,
a culture temperature of 30 °C and a culture time of 36—48 h. The crude extract of the antimicrobial substance
still had antifungal activity after heat treatment and enzyme treatment. In addition, we amplified the synthetic
gene fenB of fengycin from the genome DNA of strain M29 and detected the molecular weight of fengycin
B by mass spectrometry. Therefore, we speculate that the lipopeptide antibiotic fengycin B may be present in
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the secretions of strain M29. We concluded that Bacillus subtilis M29 may inhibit the growth of pathogenic
fungal by secreting lipopeptide antibiotics, and the antifungal ability can be significantly improved by
optimizing the culture conditions. This study will not only contribute to a better understanding of the
antimicrobial mechanism of the strain, but also provide theoretical guidance for the practical application of
this strain in the future.

Key words: Bacillus subtilis M29; culture conditions; antifungal substances; lipopeptide compounds

KIS, HED R — ER AR A 7 () g M B ) I 82— o AT A2 97 v DRI S 4 L% B 20O
TR 2 A, R KM AL 2 B VA I 2 ke — R AU IRl L, A Biys g, AR PR s, dmaek,
DI 0 R WA (0 A 0 VA A g — TRt N RIBR B3 A B 16 T B2 81 7 A 2 iR, o, il
TG MR T Bacillus subtilis 5 BAT BRI 32 05, VLAAEAERT Fradl, AREEA) 5 iRs fl,  [AII
W AEAE T EAR A IO R, DRk T AR A I35 181 05 e e 0ol e 2 T B o T (2K
Bianie, AN ALEMERE— PR

R ZE MOFT B 5 B s R T PRI RGPS U R R % 5205 IR B AR A
FRW], AR ZEMOAT R SQRO AT LLE L AEA ) AR R ARRFN g rp e e i,  SamAa A s AL R, I
TR NS, R ARS i R AU A 0 2 BT 81 4 6 35 AR 1 5 7 A O ML AR R A 4 £
PORBE ™, kG 2 AT B PTS-394 W) LA S S HOE K B0 R ZEHibED . shah, FEHVE A
PR TR S A5 2 A Tt A e R S A U O Rl 2 IR BT T LA S8 — LB T ) TR A s
A B AR A 2 B B 0 B I R K A 2R T AR SR A % Bl S ), T DA i
AN AR PR AR LA S A g — e R (),

UTAEAE, AT 2 A BT 110 A 7 25 R R R LB A 5 22 (A 5T B RO L7 2R I B ) ot A7 —
SEIBETT, AHIEFUE AL ™ AL WIS AR ) JBO0] 9 i T A7 5 s R AR FH i AN WD o Oy 17 SEEA 0 8T e KPR AT
WERE, T WIBRE 8 BRI s A 0T ) ol AR A A A, DARCHORE R B ) ST 2 B o A VR B i S0 A St
3 B 28 5 L BRG] TR 2503 T 45 22 e Ji TR AT AL 7 v ORI ARG B 2F BT B M29 (GenBank 3% %
KU870670) , ARIMTHAS [FJ 577 414 N AR i LA SAMBALE] M ATE 280, AT LLZ T W50 4,
NI A B R8O B KA IS (R R IR 254, DA RIS A R AR = AT TN T, WIAAR N Z R i AR B B,
DS 2 5 5 B ALK AR B v I AR I E R 1R o
1 #Rl5RZE
1.1 i Ek

Rl 25 A TR M29 HH AR SEE6 % 70 28 F B 5 T VLI SR AR 3 (R i sl 3 v s 36 TR 28 95 i it 181 2 Bk
JIWE Fusarium oxysporum f. sp. cucumerinum 5 )ALt B 5OV K 7 R P DR A7 27 Bt 7% B 751 AR 4 2 S
I = feit.

1.2 #HiiERE

LB Eigekt: AN 10.0 g, BREK 5.0 g NaCl 10.0 g, 7MWK 1.0 L, pH 7.0~7.2. NA 55375,
IR 10g, |OAWMRS e, FWE 3g MR 0.5, Z&M/K1.0L, pH7.0. KMB K783E: Hil 10mL, &
FI 20 g, KHPO,4 1.5 g, MgSO,7H,0 1.5 g, 718K 1.0L, pH 7.0, Landy B77%3k: %0 20.0 g, L-H%&
% 5.0 g, KH,PO41.5g, MgSO,7H,0 0.5 g, KC10.5g, BEREEY 1.0 g, MnSO45.0 mg, CuSO45H,0 0.16 mg,
FeSO47H,0 0.15 mg, L-ZKNZ MR 2.0 mg, ZXWi/K 1.0L, pH7.0~7.2. PDA #5753 %54 20.0 g, Ifig
150g, SRR EN 6.0g, ZM/AK1.0L, HH pH.

1.3 HEYRAERRRAH &

AAFRR SR EORS 52 IFF R M29 (1) PR V5 2R T 100 mL [¥) LB AR 7835+, 30 'C. 180 r/min 5%
24 h 1FRIFh U 2 1% R B A N B AR5 7756, 30 °C L 180 r/min 557 48 h J5, 12000 r/min
250 20 min, WO BV, 48 0.22 pm LB IR, KO I IR T 4 CCUKFITRAE. &M
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1.4 HEFEMENESE

SR A HAR R A B0 R SR VB0 Fi 7 A1 2T 25908 B (0 AT B v 1 o S0 00 o v 22 AR K R e
ORS00 DI R Ay 00 T ) IR 00 B8 T 25905 B SR PR B vy R e e o 7P AR i — B AR
A5 mm [P JRUE R DE, DA RO 20 mm &b 3 AN 7 ) S 8CE AR, e Bl SE N 100 uL A B
FPEW . REFRMLBCEREFRAA b 30 CHER 5d, WEEE AN E 7 56 1K/
1.5 FEEFHEEXTEK M29 B4 KB HIIE YR EE H 89820
151 FRBEFRENEHR M29 FWE B A A2 DL 1%MER SR AR M29 15 i Fh 2134
100 mL ff) LB/NA/KMB/Landy AR 783 (35T 250 mL =) ', 30 C. 180 r/min K57 48 h. i
PRI BRI HS B A 77205 1.3 A 1.4,
152 FRBEFEE A E R M29 AK K EATE O DL 1%ER B M29 Fh i 2
100 mL ()7~ FN YA Sy Bom i g5 dE G T 250 mL =438 o, 30 “C. 180 r/min ¥53% 12. 24. 36.
48, 60, 72 84 h, e R AAH ODgoo EL- FLFE AFEHCRFEHURCR A 774 R 1.3 F1 1.4,
1.5.3  FRBE IR A E R M29 B9 A KB IWE B ak A i DL 1% RN ks M29 1D WA 21
100 mL ()73 Y0 RS Sy Bom s g2t G T 250 mL =438 o, 20 5IE T 20, 25, 30, 35 #1140 °C,
180 r/min }57% 48 h, Wl 5E Al R A= A1) ODgoo 1B o FHFZ IR I FEIBURIAE HUBCR BRI 772 [7] 1.3 F1 1.4,
1.5.4 A E#1% pH @ d Ak M29 B9 £ K BP0 E Y B e 79 LA 1% Eeph s M29 Fh -5~ HeHeih 214
H pH 230020 5+ 6+ 7+ 8 1) 100 mL (1)~ H R ) i RE ) St (B 95 (BT 250 mL —#fiD 1, 30 C.
180 r/min 5577 48 h, W& 41 & 24E K1) ODgoo {H - AHEI L HURIFS HUSCR MRS I 7 VAR 1.3 F 1.4,
1.6 HIEYIRAIAFE ETER

6 HA R, B HBE I 3 mL Pt (pH 7.0) , 40515 20, 40, 60, 80 F1 100 C R4k
1 he AHG, EWMAHER, WAMNIEE/KS 3 mL, AR5 R EAERIHAEEY (214 .
1.7 FREEGLIE N E M BRE R 20

3 S 3 PR 2 1 IR S R 1 O R B AT A B o R Y RO S R B B 43 0 50 100, 150,
200 F1250 pg/mLs F3 ) AAS IR PR A B 55 N2 Pyl (. IR B T ) 22k Tris—HCl,  fic 1 2K
FIEE 22 KCI-HCD S R0, R AR A S g i vk (S 14D .
1.8 Btk M29 i =S AR ERE G

il B 2 R VR TR D) (R A 3R 15 B R FUAR B B s, AU S 1 (GR 1) R SR 1 STHRE 3k
3o fenB- itud FED5 RS i BRI o m] (R0 G, BB BOR/N 3l 767 Fi1 885 bp. PCR %
AR ZR A : 10X Tag buffer 2.5 uL, Mg®" (25 mmol/L) 2.5 uL, dNTP (2.5 mmol/L) 2 uL, 5"75]#) (25 pmol/L)
1uL, 355140 (25 pmol pL/L) 1 pL, FH DNA 1 pL, Tag 48§ (5U) 03 pL, H,O 14.7 pL, Rk
B 25 uL. PCR R Mi4ctE: 95 CHIANE 5 min; 95 ‘CAEYE 1 min, 52 ‘CiBk 30s, 72 “CIEAH 1 min 30s,
30 MEFR; 72 CHEM# 10 min. PCR PV, &S84k pMDs-T |, A% K% DHSa
AN, PRECHPE eIy . W S W AR AR (D 568G DNA TG =47 51|
F NCBI %45 % (1) Blast #2/ 73T FIJERI %, 5 GenBank AT HoX 7347 o

®1 IBEEHERERAXEREZIT5H

Table 1 Primers used in regulating the synthesis of related lipopeptide antibiotic genes

5144 FK Primer name 518K/ Size (bp) Fr Bt K/ Amplicon size (bp) 51751 Sequence (5'-3")
fenBF 20 767 TACCAATCGCAATGTCGTGT
fenBR 20 CTTCGATTTCTAACAGCCGC
ituAF 20 885 TGCCAGACAGTATGAGGCAG
ituAR 20 CATGCCGTATCCACTGTGAC

1.9 BERAIE AR R H & F0INEE A
YUY S S BCR R UTE 75, BIFE FIR TS I8 4 In A\ 6 mol/L HC1 75 pH 2.0, 4 CiE. T
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8000 r/min £§.0» 10 min, WAEPIUE, pH 2.0 /KYEEX, Jlie TG IMAFEERhEE 2 Ik, &I, ek
AARAFRNGOUE, FH/D> 5 R Rl A D0ue R ST ) B IR A . DU T 4 CIRF&H . 700
JRBE R P/ A % 20 mm AR 2 ANAEEM, AR — HAREER I 30 pL RICRERM, 55— R A
I 30 uL FEEAE XS R, R 3 k. FE 30 CIERIEFRARETE 5 do

110 EJRIDBIESCRRRMIES F1L-"¢TRE B (MALDI-TOF-MS) A94&:

T UER T AR A R IR BT AE BN, O JLREAT R Bl B IO AR IR B B A~ R AT I T BTG 43
Mo A 337 nm RIEOCIRMEMR AT S, KH o~ R -4-FE WA (a-cyano—4-hydroxycinnamic acid) K3k
JU, 1 pL AEah SRR PR A, B TS & RTINS . R ERTEE Y 1000~2000 Da, HAKT;
LS JOCHR[16].

111 HREFEIH S 9Hh

RIS HAE K Excel 2016 F1 SPSS 19.0 #ATHEATSE 004, XS IOHr AR ZE 1L 73 A AN [R) A B R) 22 5 B

.

2 HER59H
2.1 AEHEFENEE M29 EHIEYIREE a0

FRPR M29 110 5 A HEL R B0RT B0 TR 290 s IR AT B T OR (3R 2, B 1D, HLAE Landy 5557
Serp e B RE S B o, P IAIRE 0 9.13 mm (A LAYEAR 3.0 mm) .

F2 ATREBIEFEIEK M29 FHIE Y BEE 7 BI#2 0
Table 2 Effects of different mediums on antifungal ability of antifungal substances by strain M29

35775 Medium B 5% Width of inhibition zone (mm)
Landy 9.13+025a
KMB 8.79+0.14 a
LB 7.75+0.45b
NA 7.04+0.19b

e BT FRHERR, AFVNFRERTR 0.05 K1 EZER R

Note: Data were presented as mean+ SE, data with different lowercase letters indicated significant difference at 0.05 level.

CK: AR BRI A (X I (Landy K77%3%) Control with crude extract without antifungal substances (Landy medium); M: 8 0B 42 ORI 9 Ak
# (Landy 575%35) Treatment with crude extract with added antifungal substances (Landy medium)

1 E AR &SRR R E AR

Fig. 1 Antagonistic effects of crude extract on Fusarium wilt in cucumber

2.2 FEEFEME K M29 RIE KR FHE PR EE 7 RS0
22.1 A EFEIRE A AT AR M29 8y A KR I Y05 R T B9 R B ORI TR S 0, bR M29 1R
BEJT EIUER IR A S 23557 36~60 h I, SR BES) W = T HALB RN ) s 85 FR I 7] 48 h
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I, AR R, T 9.94 mm. [N, ANFERGIRI RN AR M29 A K AT B 105 (P<<0.05) , K%
FEFRIF RS0, BIAR M29 f) ODgoo fH EILSHG KRR RIS (K 2) .

= 12— “F3WE47 9% The average width of inhibition zone q6

g —e— ODff OD value aBC aAB

s B Ft— |

g bD E'/ bA bA
ﬂ?sg 8 = == =3 14
3 :
=< 6f | 71 13 o
& E
g / ©
N
H“; 4| 42

[}

g

2 2 41

<

[}

2

= 0 1 1 1 1 1 1 O

12 24 36 48 60 72 90
AR5 FEIF ] Different culture time (h)
Ee B EAFE/NG FRER R 97 0.05 AP ZF 23 AFRKE FRERIR OD A 0.05 KT-2ZEREH, T,
Note: Different lowercase letters indicated that the average width of the zone of inhibition were significant different between culture times at the 0.05 level;
Different uppercase letters indicated that the OD value were significant different between culture times at the 0.05 level, and the letters have the same meaning
for the figures below.

2 SR EE K M29 £ KR E YR EE 1 RIR20E

Fig. 2 Effects of culture time on the growth of strain M29 and antifungal ability of antifungal substances

222 AREEFRBEXNER M29 WA KR MEY T E D NZE SE3REE R 30 CRE, Witk M29 7=
A R B ) A T Ry e, LB A SR 10.44 mm, 53 T AR SRR R S B g A S . RN
AN[AJ 5 TR G TR AR M29 A K AT W8 M5 (P<<0.05) , 4IEFRIRJEAE 30 CIF, 40T ) ODgoo 18 5 K
R Bk M29 AE Kt (B 3) &

12 [ P44k 9% The average width of inhibition zone -6
—e— ODfH OD value aA
| i bAB 15
iR i beD 14
;E_[ e J_—r cB g
£% ° 3 8
o5
T - 4
5 4 ¥ 2
3
5]
3 2F 41
[}
=
=~
0 1 1 1 1 O
20 25 30 35 40

AR R Different temperature (C)

3 HEFRREME M29 £ KR E YR EE I RIR20E

Fig. 3 Effects of culture temperatures on the growth of strain M29 and antifungal ability of antifungal substances

223 fEAI4E pH X AR M29 By A& K R ITE M RE H B AA00R pH O S B, 4B AT UER, (H
TCIVRERR s UIeh pH 4 6. 7. 8 I, BRIAE M29 IR LW % % 5. WI4h pH hy 8 I, BRIFE M29 (14
KA, BERTYIS pH 6 (K4 .
23 HIEYRARIZE Y

AEFEIRFE R 40 CCIN, FWBECHHELIMANTERE ok, HAWE AT %8 9.3 mm, W E&E T 20 C; kbR
WEEIAE] 80 A1 100 CHY, HUEP BN TE L2 N % 75 100 C R AR 54 6.5 mm, KFHIFEY
FHA A EE (BS .



5 6 3]

A
T
&

o AHEZE R M29 PR SR A F I LA S A B ) AR
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12~ [ F¥4WA7 9% The average width of inhibition zone 26
£l —e— ODf} OD value aB az_T_B elll_\
g T
= L AB T 4
gm f\\\\\ /////{ 5
N /
.S. 8r E 44
=E
=l | | °
g5 © 3 g
S <
= E
TE 4t 12
[*)
&n
g
= 2r q1
L
2
=
0 L L 0

5 6

7

ANFI¥I4fipH Different pH
4 W% pH X EHE M29 £ KK F=HE YR EE 7 RIS

Fig. 4 Effects of initial pH on the growth of strain M29 and antifungal ability of antifungal substances

_l2r
£
2 10f a a
i=}
S E 3 s
=}
s S - —F—
gz ° be c
i E
2% o
T
N TS
T ot
L
&
z 2
&
= 0 1 1 1 1 ]
20 40 60 80 100

ANk Different temperature (C)

B 5 AREIREMEK M29 EMEYREE IR0

Fig. 5 Effects of different temperatures on the stability of strain M29 antifungal substances

2.4 A EIEGANEXHIE Y RIE IR R

20 18 R M AT R A i 20 0 AR BRI 0, SR RCR S IR L e 22 5%, A AN RIR L AR 2 ]

MERRE L EEZEZR (P>0.05) (K6) .

12

i3

T4
The average width of inhibition zone (mm)
[=)}

T

0O H & A2 Pepsin treatment
O WA AR FE Trypase treatment

orh

AE B

CK 50

100

150

200 250

AN FE Different concentrations (pg/mL)

6 A EIBEFLIEIE KR M29 FHIE Y RIS E R

Fig. 6 Effects of different enzymes on the stability of strain M29 antifungal substances



936 HOE R BT e R 355

2.5 HEFk M29 BERKFEIR IR R SR
B IICKEL & 4508 S8 A 200 9 it B A W S8 RO TR 50, s T 22 ) AR S B B S R A, [ Bl 0 oy o 38 28]
71016 mm (& 7) .

TE: ZEITSCE R RICHLAR Y, AL R
Note: The crude extract of lipopeptide is on the left, and methanol is on the right.
B 7 Btk M29 SERKHEIR M B U R R E R I E AR
Fig. 7 The inhibition effect of strain M29 crude extract of lipopeptide on Fusarium wilt in cucumber
2.6 E#k M29 BIE BUBERK L AE RAR X E E A
FIFHPIRT 5 100 TR AR M29 SEDSIZH 1Y) DNA E4T PCR § 38 45 R R, 3979 31—4% 750 bp H B, W&
B fengycin [FIH3EIEH fenB, THAY BTG EIA B itrain A [REIEIER iwd (K 8)

M fenB  itud CK

bp
100

250

500

750
1000

2000

M: DNA marker DL2000; CK: ddH,O
8 EHk M29 BERKINE RS ER fenB 0 itud #) PCR 18

Fig. 8 PCR amplification of lipopeptide antibiotic synthesis genes fenB and ituA from strain M29

2.7 BB EN S RN B B F 4 - TR AT R B B A AR

R A KIRE R inad, B bt m/z=1029. 1043, 1057 Al 1071, A2 14 Da, A GNIER %
MZE 1T AWHE (-CH2-) MHARY, X53CHR(17IRE R ARIEDTE & Turin A (05 FALIEM+H] 15 F
B8 K B R o m/z=1477. 1491 1 1505, #1255 14 Da, R IEIBREEF 2 1 4NV H%E (-CH2-)
IR 24, X5 SCik[18] R 318 1 AR ik 2k 2 Fengycin B {5 14L& 5> 84 —20 (& 9)
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9 BERKFA{KHIAY MALDI-TOF-MS BJ 5 7
Fig. 9 Composition of the crude lipopeptide based on MALDI-TOF-MS

3 it

ARG L5 R s, BEAE N IR0, Rk M29 7 $ s 1) J K BE 0 S BLSEHE K5 i MR, (24 iR
R A U S B 8 I A PR, i W R A2 5 P 40T RE ) A 4 B A A R0 B 9T B B SR A e
PR, (EOE R BRI A O QREEGE LG, BRIk M29 7 A= (K140 B0 5 (R4 1 E ) S B AR R 35, X AT g
TR R M EOR RS FR S I (B IR AN, 3 SO B LA O 3R Oy AT AR, I 59 )y 2 )
BIFFE G RAHBL AN EE R T bk M29 (R A KARDLAT B ) S 1R RE 0 A1 S 35 2254, A 30 CIN A KR fe K
TR RE ) o, HAMBERE ) 5 BRI K T B, IX U] B IR AR T Bk M29 (2R CS, HAlp
JRIGIE 3 S e ANDYDAE ORI TR, 2 2 AT 1 CG24 KRBT JOR MBS RN, R DLLR IR
75 32 C R LU AR BE 2 (AR P 5 o 4000 pH IRK 4 R RN, 2447040 pH 4 5 I, AR CITRZCR , £ pH 6~
8 I, BIER M29 N AE P IE B K 2 S o sREEL IR I B FRIL AL 38 CL A4 pH 8.2 I, AL
JEAT IR BSO8 REWS ™ AL AN . HIt il AR IR EERRIAR pH O AR 528 AT B Bt i
YA€ 5. L, SR Landy H9RIE T, 140 pH O 7, Hidf 48 h, HEIRIEEN 30 CHAFTR,
RN — D ST

Fl RS AT B AT LA A 2 RO BUR), R LU RIRSHURAY  PUB R (R — S R AR
FINERAI, 5100 C AR 1 h, fWEYFARETEENE, BIIZIE Y CRAT AEUETE. X 548K
B AP AR PO AT PR A o 1T LR 3R A5 400 T R S A 2 5 TR e 2 1 1 Ak
BUs, M RCRBCA KA RE VAL, WHTHZAM ) TN R AR E . CABEURIE, RS AT R R
(¥ MR RS 1 0 IS DR AR 1T LS 28 B LA e 207, I ARG (KB 4 SRk i s
KSRGS 7 B RO IR i A B, IR IR M B AT By (s U R - A A T 0 22 410
WA R — IR PTE R

B Arima 25T 1968 45 1 U5 ZE AT B AR R DR IR STV HE AU Z 05, ST 87 (6 R kAt
PEFPORIL, AT CARE R A MU )™ A IO IR IR AR 3% 32 B S — R RIS 7k 32K (surfactins)
PRE S R Gturins) FISF5E3E (fengyeins) P I ZEAR R IRIKAL A W00 73k b AT AT 1 50k
BEA AR TLE i R Jg s TR PCR R LC-MS AHES & IOBIAR MR SRS 2 MUFF 5 SQRY 1K
PR AL T 2R IRIKSTAE SR . It BRI AR IRCR U E AN SCIE A (e e P S 6 i b M29 B[R4
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DNA 4T PCR ¥ 3, KRIZW IR T AE/E R Pi A FE Fengyein BIA BAH I fenB, 454
MALDI-TOF-MS &Y T 547 5 Fengycin B 43 F 8 AH SR sy BRI, HENEHE M29 W LA™
Fengycin B K flEIkPtA2 % . Cawoy At DOV 5% 2 B 22 AR 0 2 LR 18 2 7T 400k Fengycin XS & 4 i »
Fan 255 W90 R LR SO2EOFT IR 9407 7241 Fengycin X 3 IR IBST HAT AR AR ICHMHIME . BORAT IR K
PR SOE OFT TR R 10 Teurin A SSHREAI96 S 81 A7 5 24 4 404 P>, N MALDI-TOF-MS [f145 % [l
RIT HNRIREUE SR Tturin A 43 FHAH— B0, (H il TR wAR M29 IR0, 2 RS
ARG, R Red 38 1 FL 9 G O R R B, T LB PR M29 S A7 AR X — IR IR R o, ik i i 1
I B AL S AL o T Bl — IR IE

WA )% T Bl MALDI-TOF-MS AHZS & ()T B, Sl AH 5C SCHERHRIE mT AP I8 %5 5 e ik
PRI R AR, AR TRAT I B RS NT B RR AT LA WS IR Ik AR 2R, T AN BEA E AL T A A
ol T EEAER, DI T oRIE SO ) AT 7 Ak, RN S5 B R A o B ROR, WilE
B 2 A Y B0 v ) TR SG R 42 R A

& % xx #f
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