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Characterization of antifungal substances of Bacillus subtilis MG-4 against
Gaeumannomyces graminis var. tritic causing wheat take-all
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Abstract: To identify the properties of antifungal substances of biocontrol bacterium Bacillus subtilis
MG-4, the stability of MG-4 culture cell-free supernatant (CFS) were detected though the growth rate
method, the genes related to the synthesis of antifungal substances were amplified using PCR, and the
composition of the antimicrobial substance was identified using matrix-assisted laser desorption/ionisa-
tion time-of-flight mass spectrometry (MALDI- TOF- MS). The results showed that the antifungal sub-
stance was stable in acidic and neutral environment and remained 98.8%—100.0% of the relative activity
in pH 2-7. Meanwhile, MG-4 CFS was relatively thermally stable with 88.5% of the antifungal activity
after heated at 100°C for 30 min. The relative activity remained 98.8% when CFS treated with pepsin and
trypsin for 120 min. The antifungal substance was not transferred to the organic solvent phase and the ac-
tivity did not decrease after treated with organic extraction agents of ether, ethyl acetate and chloroform.
The activity of the antifungal substance was not significantly affected by Na', K, CO;™, and I" but signifi-
cantly inhibited by Mg**, Ca®, NO,", SO.,*, H,PO,”, Mn*". The genome of MG-4 strain contain six kinds
of antibiotic synthesis genes including srf4B, yndJ, bamC, fenD, ituC and ituD. The antifungal substanc-
es include C14-Cl15 iturin A, C14-C18 fengycin A and C14-C17 fengycin B.
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VINAZ AR s SUBR/NZZ ST RIS L Hh AR Thid
5¢ /A2 AR T Gaeumannomyces graminis var. tritic 1%
Y[, B —Fh oAz B A R S A
2 /INFZ 7 X (RIVKAE, 2007 ; Keenan et al.,2015) . H
HI R TR BRI 1) /N AE R R e B, i =
B R AL 24 Bl 1R )71 (Huang et al., 2012; % 5 4%,
2013), MHETRISMB R TSR KR , A=)
BTG FAT B 10 K e i, 07 P A B 25 MO AT 141 Ba-
cillus subtilis ¥ ) 75 97 + 15 95 F H 15 32 8 K iE
(Yanez-Mendizabal et al.,2012) . k& 25 Jo AT 1 H
AT VBB IR B IR R AR
WhZS AT T 5T LRI 7 A a0 AR 2 A
A, (Vater et al.,2002; 7k & 445, 2012) , S RERSFE A
P IRER 5 HA 8E B L B L S A R e 835 A )
i (Guo et al.,2014; Wang et al.,2014) . Yang et al.
(2015a) FAR F2E MIFF R YB-05 By it/ INAZ &l , 3%
T TAE24¢2Y 5 Liu et al. (2009) {4 FH [ER 36 0,
B FE A JE T 0 X BRAH L, A 5 25 AT 7 E1R-j 7]
/N2 A s ) o 78 A1 55.3%

i B ZF M AT TR BE A Z MR KR AL G W
(Falardeau et al.,2013;Liu et al.,2014) FIdEIG IKZ51L
AW P 11 (Hamdache et al., 2011; Wise et al.,
2012) 55 A HLERZE (Gong et al.,2015) KR EIZ1k
A1 (Yang et al.,2015b) % . HETHFGY HLESTEAN R 2
%31 (1.0~1.5 kD) AR KL 54, 443 Bl
RIAT R PER Al 5 R 5555 3R (Moyne et
al.,2004; Ramkumar et al., 2013; Torres et al.,2016) .
XL KA G Y B VAR e S A B 2]
AR A AR XA A B - BA 4% (Stein,
2005 ; Ongena & Jacques, 2008) . Patel et al. (2011)
H1Guo et al. (2014) 18 , RS B TR 2R FI5 7% 28 0
R 6 S AR 2R 0 1 5 L A A T e T 2R T
PEZR 22X AN R /R T (P55, 2011 5 Zeri-
ouh et al., 2011 ; Gordillo & Maldonado,2012) .

H A 2 A i A T A B R T S 8 2
(B AR A R TR ) 57 B e e A T AR s 3 B
BB IER D . R ) DL R 44
IVTEHURAE , Bz BRI A 52 0w X 32 4570 (Zhang et
al.,2017) . AWFFELAM/INZE AR 35807 12 1 0t /)
Z2 AU TR A 3 P R R R 2 A R R
MG-4 bAoA, R H A I 3 W 3 TR ) B o
R AV TR T A DG PR A1) P 2 ol B O G ik

“RAT B A B % (matrix - assisted laser desorption ion-
ization time - of - flight mass spectrometry, MALDI -
TOF-MS) XN TE ) B A7 % 5E , LAY B HA T
W) LB TG AR A 5 T A BG4 i 110 3
A=A 25 BRI BB AR .

1 RS TE

1.1 ##

AT Al Al R 2E AT B TR R MG-4 fr T ek
Ml A 24 TR S0 28 43 BT ORAT L /N2 Al TR
PR BD-7 BT JE A M 27 A8 P O 4 2 e A 4 s 2
S B

ARk AR R AL IR 10 g RS 10 g
NaH.PO, - 2H,0 2 g .MgSO;- 7H,0 0.5 g.ddH,0 1L,
pH 7.2~7.4;°&3E3 15 (nutrient agar, NA) [E/{/A 5 773 .
A HNES g HHA 10 g .NaCl 5 g BiifiE 20 g . ddH,0
1 L, pH 7.2~7.4; # 3% N 7% (nutrient broth, NB) 1% ##
FE NA AR KRR A Bl 4 2w A B Ag
(potato dextrose agar, PDA ) B5 755k . Th44 24200 g F
9520 g BiflE20 g .ddH,O 1 L,

R H AR (1:10 000) , 2 [ Sigma 23 7
JER R i (1:250) , 5E[F Amresco 28 v ; BBRFE R 3%
RN 24 5 5 25 A BRA &) 5 SR b, PR BEA Biow-
est/A Fl ; DNA R A, bt B At B Rk A R
s EPCRE Y, A TAEY TR (R e A7 FR A
A (g KRR M AR A R A A
o5 k-4 LR , 55 [ Sigma-Aldrich 23 7] ; H
ARG E oA el

1S - ABI4700 5[5 B SO i AT s []
AR 2720 PCR § 344X, 55 [ Applied Biosystems
(ABD)AH] ;DY Y-6C B IKAYL, AL mt iR —4X a5
RE-52 Bkt 28 KA, L g o A AR
1.2 Ak
1.2.1  AMMG-4ALHE LF &7 E &b

B —80°CARAF A bk MG-4 R0 3 NA A B 33
B, 37°CHEIRIFFR IS, B G AL TR AR MG-4 42 2]
NB i F2 5, 37°CHRZ W F2 il %, $2 E 10% e i
PR WA B Fh 3G e rh  37°CIR 15 97 48 h,
KEERLL 8 000 r/min 250> 10 min, B ,0.22 pm
AL UG Ak 9%, (TS i B R JE P B 5 W (cell-free
supernatant, CFS) . A 4 R LA CFS X /A2
el T A 75 P (Zhao et al., 2010), 435K 3 .
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5.10.15 mL MG-4 & #k CFS 55 100 mL PDA £33
RA BV R [ 54 E4% 7 mm 19 BD-7 1 A B
FA g, 28°CHEF: 7 dJF R A8 U
P& ELAR 0T CFS Xt /INAZ bl B Al 15 1 . LA
JNJEH K PDA SARAEXT IR, A Ab B 3 R
122 H#MG-4 £ LR AR AN

X pH ASE PRI < 4331 HX CFS 5 mL, H12 mol/L
) HCI 5 NaOH 1 15 pH " 2.3.4.5.6.7.8.9.10,
11.12, T 37°CoK IR 1 ho X B o R A
43 SIH CES 5 mL 7E 40,60 .80, 100°C /K ¥4 &b 3 30
60 min, G A 4°COKFEEE . X 25 (A BEAR 2 MEAG
W2 435 7E 5 mL CFS HI ALK R 1 mg/mL 1 H
15 1A it 0 2 1, 37°C K 0 A T 30,6090
120 min, X5 A7 HLIES 770 (A S P A I < 43531 1] 5 mL
CFS I A SRRV L LBk L LR LR AT A,
A HURE e 2 78 J XK A LI R 28 1, FH AR R
TCBAKERIF , 43 I 5 A BRURH R A A R 00 T 16 12 o
X} ICHILES FFa PRI B S mL CFS, 43 B i AAS
[F] &+ ) NaCl, KCI, MnCl,, MgCl,, CaCl,, KNO;

KCO;. K>SO, KI Fl KH,PO,, fiff 10 I HLEL 7F CFS
H Rk 43 51K 5.25 .50 mg/mL, 37°CoK A5 1 h
ik SFRALER  UAEAL R 5 mL CFS Sk P X IR
(CK1) , TR 7K A B PEXT IR (CKo) | 2R AT 1.2.1 J5 33
A5 A B R VR AR IF A A X 35 P (relative ac-
tivity,RA) o BEDACH 3R . RA=(FHMEXT AR TR
75 TR = AN [F) A $HLTRT V% TTAR )/ (o A 6] 7 % 1 R -
PV X R TR % TR R ) < 100% o
1.2.3 AR MG-4 5847 5 4 Fi K B A

SR FH B 7 B B R MG-4 JE R 21l DNA
B, 374G 18 FH B 5 100 5 AR 95 8 438 179 AH G JE (]
VORI (R 1) o AR5 9 AR JORE Fiy 14
F BRI/ T PCR UV AR FT o W AR F : 10xPCR
Buffer 5 pL.2.5 mmol/L dNTP 4 pL .10 pmol/L FF
W14 2 uL.5 U/uL DNA %47 0.25 uL . DNA
1 pL, J1ddH,0 % 50 uL., PCR KN4, 1% B
JIEAREE e i DK KGN . PCR ™= il b s A R 3 A
PR FI AT o 3L 51 4E NCBI LA BLAST
AT R LR

R1 EHRMG-4EEAPMEYRA REXEES 4

Table 1 Related gene primes of antifungal material synthesis from Bacillus subtilis MG-4 genome

REREDLA: 2 514 FF3(5-3") G B EE P48 BN S HSCHER
Antibiotic Primer Sequence (5-3") Target gene  Amplicon size (bp) Reference
FATETEE 110F GTTCTCGCAGTCCAGCAGAAG srfAB 308 Joshi & Gardener,
Surfactin 110R GCCGAGCGTATCCGTACCGAG 2006
Yndj 147F CAGAGCGACAGCAATCACAT yndJ 212
147R TGAATTTCGGTCCGCTTATC
BT S FNDF1 CCTGCAGAAGGAGAAGTGAAG fenD 293
Fengycin FNDR1 TGCTCATCGTCTTCCGTTTC
B E  ITUCFL TTCACTTTTGATCTGGCGAT) ituC 575
Tturin ITUCR3  CGTCCGGTACATTTTCAC
ituD2F GATGCGATCTCCTTGGATGT ituD 647 Mora et al., 2011
ituD2R ATCGTCATGTGCTGCTTGAG
A A& SbolF TCGGTTTGTAAACTTCAACTGC shoA 334
Subtilosin SbolR GTCCACTAGACAAGCGGCTC
FFEPisEE  bamC2F  CTGGAAGAGATGCCGCTTAC bamC 850
Bacillomycin  bamC2R ~ AAGAGTGCGTTTTCTTCGGA

1.2.4  HHHMG-4 LH _EFRAITY &R

H 50 mL CFS, J1 6 mol/L HCl Wi 4 pH & 2,
4°C KA B 7% , 10 000 r/min B5.0> 20 min, 5 134
W, pH 2 1Y 253 K PRI TTIE 2 WK, I H EEAE R
2K (Guo et al.,2014) , RIFFERLEEY . CFS H AL
PEYIR PG 78 K ASCHs W B 28 1, FH SRR TC TR 7K
BTV T X URE R RS B 4 5 1 7 4 (Clarke
et al.,2010;Pretorius et al.,2015) . #f PDA 5537 36k

ARG N AL h 40 pg/mL TR PR BE S 25, f51°F-Hr
e 8 76 B B AR P 8] 2.5 em A B 2)FT 44 1
27 mm FL, B EAE 7 mm A9 BD-7 H A B TR
e FEH A 3L BN 30 pL A K B
TN LA FLIMA S ARFUIC AKX IR B 31k
1.2.5  HE#RMG-4 37 H 474 MALDI-TOF-MS %52
W Pk MG-4 1) CFS H i £ 5P >R F MALDI-
TOF-MS HEATHGI , 38 33 43 B 900 b 40 okt 1) 3 -, 4
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AP BT RSy o BT 450 - A1 337 nm A
FEUR AR L B, DL -4 -F2 05 R PR T RIS iR
LT, SR BRI, T B8 - I s A ot B B
(Velho et al.,2011),
1.3 #iEs

FIH DPS 6.5 BAFRHA S0 At A7 B R 2R 2
G3HT N B/ N 2 228 (LSD) A 9 25 7 i 2 1k

2 BERE5HM

2.1 FE¥EMG-4 TH _LiERMIEEE

P AR MG-4 119 CFS X /N 22 4 it 1/ I P& BD-7
A S 23 (1) o PDA B 32 3 AS i A
CFS,28°CH;#% 7 d, W 24 Ree KU VAl , e V& LA
9.0 cm, [ 100 mL PDA 53 #1 /i1 A 3 mL CFS,
FEM R R R 400 T WY& B A28 4.3 em, A 5 mL
CFS i} 7% B 42N 3.8 em, fil A 10 mL CFS i B #%
BN 3.4 cm, LA 15 mL CFS I 74 E420 3.0 cm.,
CFS N A GBI, bk BD-7 1Y 14 7% B A8 )N, 221
CFS REGE I il /N A2 Ao T 1 A= 4K, O ELRE % CFS
TGRS0, A s PR
22 EHRMG-4EH EERNEE N

pH 5~7 24T , B ¥k MG-4 CFS FAI TG 1A
100.0% ; pH 2~4 IS AHX 1% 4 4 98.8% ; M pH 8 #| pH
12, AR X 175 M 1 98.8% U [ 25 2.1% 5 % B CFS 7

WM R M AR R MR (32 2) . FE AR
SE T T T, AL R g AL CFS B &) 2R 7
40.60.80°C F 43144 15 min, CFS 14 B8 43 i
{67 5 80°C JIN#A 30 min AH XTG4 4 98.8%, 100°C il
15,30 min, CFS B9 A XF 16 P 35 TR, 43 900
92.6% H188.5%(%2).

T 1 R B A 1 B CFS 1R MR A B
1A it R 2 1A il A 3 30,60 .90 min, CFS (4
X PR R K A b 25 2, A B 120 min J5 AH X
PEN 98.8% . FHEFARFIN AT . LN O TR R A2
HUCFS, % 43 FH B AH X1 13 0 100.0% , 26 U 2
TCI G, R Y ST BER T LR 2R
CTRFEIL, FLXIX 3 FhoA ML AN URS

FHAS [R) e B 1 JE ML -4k B CFS, Na* Fi1 KXt
CFS 15 PETC B #5200, Mn> 5¢ 230 CFS AU B 1%
P, Ca? Fll Mg Y[R B2 BE I ) CFS 136 1, Mg ik
FE M 5 mg/mL ¥ /il 28 50 mg/mL B}, CFS AHXSE 1
88.5% T ¥ % 62.1%, Ca> ¥ % 4 5 mg/mL i CFS
X 15 K 74.6% , 50 mg/mL I AH XIS 34.9%,
COs> I T XF CFS (1) 3% 1 6 . & 40 il /E H , SO .
NO* 1 H.PO,> I Z # ] CFS 7 £ , Hrp H,PO 1
F0AHIE 5, 50 mg/mL Bf CES XM 4 37.2%,
50 mg/mL SO 4k B T CFS #f X i 1k 46.0%,
50 mg/mL NO*Zb B CFS AHX 64 56.2%

1 AEMFREE R MG-4 TH _LIF&Rx/NE S MmE I EE R

Fig. 1 Antifungal activity of different volumes of the cell-free supernatant from Bacillus subtilis MG-4 against

Gaeumannomyces graminis var. tritici
1~5: 433124 100 mL PDA }; 353 sF N e Fis#0.3.5.10.15mL, 1-5: 0, 3, 5, 10 and 15 mL of cell-free supernatant

was added to 100 mL of PDA medium, respectively.
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R®2 RE.pH.ZAHE. GIAFRLNEFXIERMG-4 TH L& RE M
Table 2 Effects of temperature, pH, protease, organic solvent and inorganic ions on antifungal activity

of Bacillus subtilis MG-4 cell-free supernatant

ENEIpGSE HEEAR AT NG WK EAR R
Different treatment CD (cm) RA (%) Different treatment CD (cm) RA (%)
pH 2 3.9+0.1 ¢ 98.8 T HE T  KCI 5 3.8£0.1 h 100.0
3 3.9+0.1e  98.8 Inorganic 25 3.8+0.1 h 100.0
4 39+0.1¢ 98.8 cation 50 3.8402 h 100.0
5 3.8t0.1¢  100.0 (mg/mL) NaCl 5 3.8+0.0 h 100.0
6 3.8£0.0e  100.0 25 3.840.1h 100.0
7 3.8+0.1e  100.0 50 3.8+0.0 h 100.0
8 3.9+0.0e  98.8 MgCl, 5 4740.1 g 88.5
9 46+00d  89.9 25 5.140.1 f 82.6
10 7240.1c  43.8 50 6.3+0.1d 62.1
11 8.540.1b 13.1 CaCl, 5 5.6+0.1 ¢ 74.6
12 8.9+0.1 a 2.7 25 7.140.1 ¢ 46.0
R 40°C 15 min 3.8£0.1d  100.0 50 7.6£0.1b 34.9
Temperature 30 min 3.8#0.1d  100.0 MnClL, 5 9.0£0.0 a 0.0
60°C 15 min 3.8£0.1d  100.0 25 9.0+0.0 a 0.0
30 min 3.8£0.1d  100.0 50 9.0+0.0 a 0.0
80°C 15 min 3.840.0d  100.0 CK, 9.0+0.0 a -
30 min 3.9+0.1d 988 CK, 3.8+0.0 h -
100°C 15 min 4.4%0.1 ¢ 92.6 TWE+F KNO; 5 6.4£0.1 d 60.2
30 min 47400b 885 Inorganic 25 6.5£0.2 d 58.2
CK, 9.0+0.1 a - anion 50 6.6£0.2 d 56.2
CK, 3.8£0.0d - (mg/mL) K.CO; 5 3.8+0.1 ¢ 100.0
GSLl HEMORE 30 3.8£0.1b  100.0 25 3.8+0.1¢ 100.0
Protease Pepsin 60 3.840.0b  100.0 50 3.840.1 ¢ 100.0
90 3.8£0.1b  100.0 KI 5 3.8+0.0 ¢ 100.0
120 3.940.1b  98.8 25 3.840.1 ¢ 100.0
JEEERE 30 3.8£0.0b  100.0 50 3.940.0 ¢ 98.8
Trypsin 60 3.8£0.1b  100.0 K>SO, 5 7.140.1 ¢ 46.0
90 3.8+0.1b  100.0 25 7.240.2 ¢ 43.8
120 3940.1b 988 50 71402 ¢ 46.0
CK, 9.0+0.0 a - KH.PO, 5 7.6+0.1 b 349
CK, 3.8£0.0 b - 25 7.6+0.1 b 349
EER5IN 1 ) HAFHOSP  3.8+£0.1b  100.0 50 7.540.1b 372
Organic Ether HIFAHAP  9.040.0a 0.0 CK, 9.0+0.0 a -
solvent Z.fiik HAFHOSP  3.8£0.0b  100.0 CK, 3.8+0.0 ¢ -
Ethylacetate Z£HUAHAP  9.0+0.0 a 0.0
LIRS Z4AHOSP 3.8+0.1b  100.0
Chloroform ZEHUFHAP  9.0+0.0 a 0.0
CK, 9.0+0.0 a -
CK, 3.8£0.0 b -
- JOMIRIIG R o B R SRR i 25 . Rl — A B R R S 5 AN R TR R 4 LSD AR SR 7E P<0.05 /K25 53
3. —: No relative activity; CD: colony diameter; RA : relative activity; OSP: organic solvent phase; AP: aqueous phase. Da-

ta are means+SD. Different letters in the same column in the same treatment indicate significant difference at £<0.05 level by LSD test.
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2.3 E#HRMG-4EHEREREZHEXER
AT I ASIN 1) 7 5 AR IR ZAR LA
AR MG-4 5 srfAB .yndJ .bamC fenD . ituC Fl
ituD 3 6 FIEN , R 75 Shod (1 2) . BLAST FLXit4%
RN, H R MG-4 1 ynd) 5 6 8 By 28 M
B. amyloliquefaciens FZB42 %15 YndJ & H 1) F
yndj [5) RN N 98% 5 srfAB 5 i UE #3 2F M AT i UC-
MB5036 Ji i 4 111 1 P4 3R 5 B P 1) & P 54 B[] Y

1 2 3 4

P24 99% ; ituC 55 % E K3 2 MUAT IR UCMB5036 4 it
A B R A A R C A FEIN i C TR PR R 99% 5
ituD 5 f RS ZE MOAT B YNM-3 2 i P R B 4l
il A T 52 7% il 4 L DR D [R1EAE M 99% 5 fenD 5
i 2 AT B QST713 g s 25 5% 2 & il il 1y 3L [
fenD [8) P& V£ N 100%; bamC 5 K B ZF M T
ATTCAU195 % it 50 FF 7 2 & BB C 1) 5L H bamC
[ R 98%
6 7 8

bp

1 000
750
500

250
100

E 2 itk MG-4 SRR E A RHEXERE R PCR I IGHENZE R
Fig. 2 Testing results of PCR detection of lipopeptiedes related genes of strain MG-4
1: s1fAB; 2: yndJ; 3: bamC; 4: fenD; S: ituC; 6: ituD; 7: sboAd; 8: marker.

2.4 FEHEMG-4 1) CFSHREEMEM R REHEE

W4 CFS #EATHLE I, IR W) 2 2 TE R PR 254 T
B il , CFS SO S 34 fiE fl 2 4 il /N2 4 kol T
FiRk BD-7 (34518 (€ 3) . MALDI-TOF-MS il 45
IR, Y BT AR 1.000~1 200 JE N, 24
TE TIEA 1 043.54 F1 1 057.56 XF WA [R]85 B e
Jig Wi /2 [M+H] 5 1 065.53 1 1 079.54 Xt )i [M+
Na]", 1 095.53 %} [M+K]", LA 4 iié 5 C14~C15
PR RETR R A B —3% . S far LLTE 1 400~

1 600 7 [l N, FE 89 F & FIER 143577 .
1449.75.1 463.81 .1 477.84 .1 491.85 Fll 1 505.88 %I
A [ BE R B R 1D R [M+H], 1 471.78 .1 485.81 .
1499.82.1 513.85 11 527.87 %t W [M+Na]*, LA -4
Jo e 5 N [A] 4K J8E e #2119 C14~C18 S5 E R A
I C14~C17 25 % K B I H B 7 Il — 2 (K1 4) .
g5 b T R T bR MG -4 4G AR 9 )
Cl4~C15 il R B R AL C14~CI8 ZF H K A I
Cl14~C17 355 % B,

B3 EHMG-4 TH LiER(A) REERY (B)X/hELMFEE I EI R
Fig. 3 Antifungal activity of the cell-free supernatant (A) and its crude extract (B) from Bacillus subtilis MG-4 against

Gaeumannomyces graminis var. tritici

3 it

HE BB R A B I A RS (7 2

2014) , ZFMOFT BT B iR 52, ads ] ATEAR RO A S5
RS, B 1L S AR s AP  1F 2 2R
FFE T B a0 %, Rl 2 EO 5 DR A ik



34

WRIGE I 45 - Al 28 BT 141 MG-4 30061 /)N 22 4 il TR ) o S AP e 2 A

517

o HZE T TR A ] IR ROR A2 Z2 Bl R 2R 5
MRER TR YR R I A R0E 5, 78 T R
REA A AE I A5 . TR R B 4 o AT A
e R AR AEHURON, Az BRI R R b I HAE AR
T 5 i, WM L S B A, e — PR AT
(A My Ak 25 %5 5 ( Zhang et al.,2017) . ABF9E %
GERGIN T R ZE MOAT R Bk MG -4 A TR LT TR
{145 P B S PP B S ) M T, TR A MG-4 TE R

T IR PR, e bl SR PR R B R AR e, X
Na' K", COs* Fl I AR , X 5 T # 45 (2007) il
Wang et al. (2014) YA 57 25 F AR 5 7 bk MG4 TG T8
VRO B R 1 R R AR 1 A HILI R £ T SR
15 f1 2R R AR, 53X 5 Cui et al. (2012) [ HF5T
ZEIR—E ., BMEMG-4 To R SRR E A R
FH T AR = A Ay P )i FH B BB R e R HE BT
RCRARAL T RBE

100 1079.54
g 80
=
g
£ 60
4
Z 1463.81
5 1065.53
& 40
% | 477.84
g 20 1057.56| |1 09°-53 1449.75
‘ ’ 143577 1513.85
0 Ll II L oal I|| IllI I]lll]l I"ll I I : Lals
600 700 800 900 1000 1100 1200 1300 1400 1500 1600

JRFTH Mass-to-charge ratio (m/z)

4 THEZFMITE MG-4 I E 4 R MALDI-TOF-MS 5347
Fig. 4 MALDI-TOF-MS analysis of antifungal substances from Bacillus subtilis MG-4

FIFLA: 2 A AR IR R AR Sk 5 L) T
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