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5 B-F I g 197 IR 22 R T B A TN I PR AR 4 4

surfactin J& [t iturin 558 094 W) RGP0, AT LA
REAR/KIESK T % 27 mN/m, HATSRPIER, 7]
DAV it AR AW NG I, B RS I 0K 4 o A0 S 6
e aE, EXEEPEAE, Fengycin &
B 10 NEIEBREER B-FR IR Rk E TP %
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L1 fEkhie

1.1 fEX B Rk . MK A Bacillus
licheniformis FJAT-4; N[a] 3 3 9405k I i 20w
B: FIAT-282 (%), FIAT-831 (Bit). FIAT-370
(& #E). FIAT-9230 (&HJK)(Fusarium oxysporum)
1.1.2  3EFREE: ARSI G SRR R 1
FiR, e PDA RiFREECH i 45 20% . %
B 2%) 1 TR SR ARAM T8 s K (BRE K 1.0%.
W REE 0.5% . NaCl 0.5%). L (“FAE 0.5%. HH
[ 1.0% . BEREE 0.3% ., NaCl 0.5% . #4588 0.5%)
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M (B 1.0%. BEEEE 0.5% . NaCl 1.0%) . O (3
B 0.50% ., BEFHZE 0.75% . HE M 0.75% . i
fR%% 0.50%) A1 P [ Ak 0.80% . K,HPO, 0.20%,

WRUE (ZTRE: FREM=1:1) 3.22%. MgSO4 0.05%.

BEREE 0.25%)35 57 5L TR R A 2T I . BT
FARE SR A A st B R AR Y ARG BR A vl

1.2 BEBRIESE

A ZEMIAT I FIAT-4 153% . Rfk FIAT-4
fl % 50 mL K 557580, 30 °C. 170 r/min #&
ViidR 24 h, YERFN P H% 1% R 4
% 50 mL K/L/M/O/P ARG, AR 2514 R
ViR 48 ho JIARIIRIESR . S ] R 2
50 mL 9 PDA #5330k, 7E 30 °C. 170 r/min F
gt 2dJE, JABRWRIE N 107 CFU/mL, %M.

1.3 fERKHI#

HA ZF N I FIAT-4 & BT B 03725 T RS
FIEW, BT 2 mol/L $hER E pH<2, 4 °C
B 24h 5, EORTE, TELMIRESRYRT
PS5 AR BB K
1.4 J8RKAY LC-QTOF-MS/MS #5:

1.4.1 WAHEBIESRMF: AI5H N Agilent ZORBAX
Extend-Cig {434 (150 mmx2.1 mm, 3.5 pm), ¥i
HH 0.3 mL/min; JishAH A F 0.1%H K ; ish
HH B R B YEBLFERE : 0, 60% B; 60 min, 100%
B; 65 min, 60% B. Jigacfh: ESI (+/-). T4
SARPE 350 °C, TSk 8 L/min., Z LS E )
30 psig.Fragmentor 175 V. Collision Energy 100 V.,
Skimmer 65 V., i 5L auto MS/MS; &4
JLH . 100-3000 m/z.

1.4.2  BABRALH : KREN auto MS/MS Hidli 3 A
MassHunter TAERG A, #HA7RR KL G — AT
TGRS, AR R R T
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DL B T2 e, 0 5 SCmRaE AT AL, e g
JREEFILL AL
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RAEVER LIRS FREL, W AE 15 & [ 1Y
1.8%5iE PDA T EHiF4E . 1 BRI TR EE
[, ARG PR T ER 7 mm fL, 4
S A BB BCHLEZ ) R PR e i 9 2 oy 301, 20,
10 mg/mL)AJ¥ R 80 uL, PATCH B o 25 |
XFHE, DL 0.5 mg/mL (1820 PR R, R4
AP 3 YRE S ,30 °C KigR 10 d )5, DA AT P B AR
1.6 NEERERRXTIFAR 71 T TR 22 TB A G5 H IR

ALY 4 BRI TT B8 5 1A 2F M AT 1A
FIAT-4 i A0 7 e 300 25 3 30 5 st v — M U B 5
e, B FRYIER—3, R 2.5% T

FEALIEE . FEALZE PBS 2Pl . LM AT BEkb
HX ARG, MRS SIS, LORAIE

WL A R SR AL R T TR D BRT TR 22 /R R

2 ERFAHN

2.1 HURZFMFTE FIAT-4 SRS K

FIFH LC-QTOF-MS/MS 4 #1 b 4K 2 7 #1 1
FIAT-4 JERRSER RN, 2550 3E 1 fis. (R
B[] 7E 3040 min B [A]BZAYZL 50~ fengycin ZEfE
Bk, PR EHEIAE 42—52 min BN surfactin 2R8Ik,
BV ET o

m/z 1478 B R B 1 I [M+Na]'=1102 Fl
988, H[M+H]'=1080 F1 966, F=4 14> 15435
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% 1. LC-QTOF-MS/MS il EEH R F T E FIAT-4 I BEARLE A
Table 1. Lipopeptides produced by Bacillus licheniformis FJAT-4 were identified using LC-QTOF-MS/MS
RT MS m/z [M+H]"/[M+Na]" MS? m/z [M+H]"/[M+Na]" Identification of lipopeptides
33.397 1478.1 1102, 988, 961, 944, 678 C,; fengycinA
34.844 1492.1 1116, 1002, 975, 962 C,; fengycin B,
35.227 1506.1 1130, 1102, 1016, 988. 944 C,; fengycin B
37.014 1462.1 1102, 988, 961 C,¢ fengycinA derivative
38.138 1462.1 1102, 988, 961 C,¢ fengycinA derivative
39.540 1490.1 1130, 1016, 988 C,¢ fengycinB derivative
42.748 1048.8 935, 822, 804. 707. 661, 594, 481. 391 C;3 surfactin derivative
44.782 1062.8 949, 836, 818, 707, 675, 594, 481, 391 C,4 surfactin derivative
45.279 1062.8 949, 836. 818. 707, 675. 594, 481, 391 C,4 surfactin derivative
46.771 1076.9 963, 850. 832, 707. 689. 594, 481, 391 Cs surfactin derivative
47.449 1030.8 917, 804. 707. 594. 590. 481. 391 C,3 surfactin
49.484 1044.8 931, 818. 800, 707. 594. 481. 391 C,4 surfactin
50.750 1058.8 945, 832, 814, 707. 594. 481. 391 C;s surfactin
51.383 1058.8 945, 832, 814. 707, 594. 481. 391 C,s surfactin
51.970 1044.8 931, 818, 800, 707. 594, 481. 391 C 4 surfactin
J&: 398 Da 1 512 Da, XJhF fengycin A [ N-Jii (A) CH3-(CH2)m(fH-CHZ-CO-GIu{Oranyr-Thr-Glu-Ala
N 1080
WL R IV B2 -Glu R iR - Glu-Orn JEAT, R4 OH Q
o lle-Tyr-GlIn-Pro
AHXS >0 FRIEAE R B 1 LA S s 1 2R ML A Y
HEM m/z 1478 S Cy7 fengycin A, ZEH NI 1-A FF (B)  CH,~(CH,),s- CH -CH,-CO- Glu[Om{Tyr Thr-Glu-Val
T MES T T m/z 1462 (19— SRR AR m/ o 1108 g4 ‘
|
1478 BYAHIE], Ui BN R FERR Y S 2 R Y, le-Tyr-Gln-Pro
. 2 =T
m/z 1462 55 fengycin A ZXWEHHY m/z 1478 8557 ©) CH3-(CH2),3-(fH-CHZ-CO-GlutOrntTyr-Thr-Glu-Val
T2 16 Da, 2 S S — AR LR Y O 1094 950
1 W7 PR ik E"J“-CHz-”éi*@ , HEWT A Ciefengycin A fii Val-Tyr-Gln-Pro
GEL7/ 8 1. C,, fengycin A (A). C;; Fengycin B (B)f1 C;,

m/z 1506 FIRE B FIE[M+Na]" m/z=1130 Fll
1016, F[M+H]" m/z=1108 1 994, FERH/ Tt
439 J2 398 Da il 512 Da, X F fengycin B A
N-iis i 24 (4 g 7 R -Glu. F1AR i iR -Glu-Orn JE 41,
H5 m/z 1478 19575 A 2% 28 Da, BB E AT TR ik
W SRR Ala 5 Val, HRHEAHRT 2> T8 . RRAE
PR B 1 LA LB 1 24 A, HEWT m/z 1506 2K Cyy

fengycin B, (C)Z5#4[E

Figure 1. Cyclic structures of Cy; fengycin A (A), Cy;

Fengycin B (B) and C,; fengycin B, (C). A: product
ions m/z 1478; B: product ions m/z 1506; C: product
ions m/z 1492.

fengycin B, Z5MUIKl 1-B FiR. D5 FiE
m/z 1490 1 —Z T 248 A m/z 1506 FIAAIE], Ui
e EA SR 9 SRR, mz 1490 5
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fengycin B ZH AT m/z 1506 B9 14> F A2
16 Da, ZSHBIREH 1 AR R g i fRsE
BY“-CH,-"25#, HEWT N Ci6 fengycin B i 4497 .

m/z 1492 W% F 2 F U [M+Na]'=1116 #1
1002, H[M+H]=1094 F1 980, F:% A5 T-H43 5
J& 398 Da Fll 512 Da, X i T fengycin B % N-¥i
2L R DR -Glu AR PR -Glu-Orn 5141, H5 m/z
1506 (1953 T k2% 14 Da, SLHI BN TR o 5t
iz e 5% Val, HUEAEXT i . FRIERE 8 7L
N TSR, HED m/z 1492 4 Cy; fengycin B,,
ZERUNIE 1-C s

m/z 1030 B4 917, 804, 707, 594,
590, 481, HH 917, 804 1 590 & i 1 AR B% 1)
N-¥@ P 81, & m/z 1030 23 5| E 2% Leu.Leu-Leu
1 Leu-Leu-Asp-Val 2 J5 B9 ) 2+ 5 707 . 594
481 J& C-¥i kB W 1, 72& m/z 1030 735l
R Cis B-FILNR MR EE-Glu . Cy5 B-FR NG TR
HE-Glu-Leu M1 Cy3 B-F2FEAR Wi TR %% -Glu-Leu-Leu &
H )5 B P 1, #EWT m/z 1030 A Cy5 surfactin,
ZERIHNIE 2 7R . m/z 1044, m/z 1058 (1) C-ii ik
B s 1-(707. 594, 481)F1 m/z 1030 Hy—%L,
UL T e SRR T SIS AR . m/z 1044,
m/z 1058 Y N-%ii ) 5 m/z 1030 B N-#ig™
WIEs§ 4 T A2 14 Da, 2% 520 %%-CH, 3L 14,
HEWT m/z 1044 F1 m/z 1058 Sk Cy4 surfactin #1 C,5

surfactin,

707 597 481

y6 y5 y5
Na*CHz-(CHZ)X-CHZ-CiH-CHZ-CO-GluFLe#Leu{Val}AspFLeu}Leu

590 689 804 917 ‘
0 b3 b4 b5 b6

2. Cyssurfactin Z5#3[&
Figure 2. Cyclic structures of Ci; surfactin. Product
ions m/z 1030.
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[M+Na] /3 FHl 1048.8. 1062.8 F1 1076.9
B C-¥m KB 18 1-(707 . 594, 481)F1 surfactin
() m/z 1030, 1044 F1 1058 BYAHIR , DL ET1HYA
FEBR AR A . m/z 1048, 1062 F11076.9 fy
N-3ii =) 14y F Al 2% 14 Da, 255 J2 4% -CH,
I m/z 1048 5 m/z 1044 1) N-vig =¥+
WA 4, BIFE C 5 0 WaTiES, #HEW
m/z 1048, 1062 Fl1 1076 S}y C;5—C,s surfactin it 4=
Yy, [RZ5HX — R840 i ALS )R I SRk
2 if .
2.2 FFERSFHARFHTE FIAT-4 k4
BRI B A R

A Sk AGE >, %K. L. M. O fl P
FORPAS [R5 77 B A T HAK ZE AT IS FIAT-4 1557,
G5 RUIR X 5 P gk, Witk FIAT-4 YRea
A A R o )P ROAR €2 15 BB IR DO AR A~ AT
6] J5i 3% (LC-QTOF-MS/MS) il 58 T A~ [] £ 3% 3 5%
TR A ZE AT B FIAT-4 R RK41IAE, HOBEE T
EIGn L 3 s o & 4 B A i B IR 4T e fengycin
F1 surfactin Z1AL, HARXT & 3000%: 63.6%F1
36.4% (K). 62.1%FH137.9% (L. 30°C). 56.3%%0
43.7% (M). 66.2%F1 33.8% (O)LA K 69.1%Fi
30.9% (P), iR %5 G 3 W 4% 57 3L 20 73 XoF B Bk 2H A
SN

PRSI EE AR, 5 P IR L B 75 7= A 1 g
BRI BE S A R T BRAIS FL 5k 7] T FIAT-831 (1 4E
K, TR B AR FEL 3] 02« (18.36+0.27) mm (K)
(24.51£0.40) mm (L) . (22.70£0.60) mm (M) .
(21.41£0.45) mm (0)5(20.16£0.73) mm (P), 5T
PHPEXS R 0.5 mg/mL A% R [(17.36£0.42) mm],
Ho R LB 37 SR 85 3045 3 89 i IOk v 2R
O o
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3. AREIEFERIMRF I E FIAT-4 fEARAE RN
BriRE
Figure 3.
separated from Bacillus licheniformis FJAT-4 under

The total ion flow spectra of lipopeptides

different culture medium.

2.3 BEFREX AR ZFHTE FIAT-4 JERRA AL
A 7 R

PEFE L REFEIE, #E 20, 25, 30, 35, 40 °C
PEATRE SR A SEMUAT 1 FIAT-4 KRG 5%, 2555
BT ARAE 20 °C 1 25 °C TH55%, bk FIAT-4 A
FAAERRRR; 30-40 °C K53, Wtk FIAT-4 Bef ™4k
FRJEK:, JH B 0 PR A 18] 4 B 7S o 15 3R IERLEE A 30 °C
A1 35 °C B, JEAKAL A fengycin (30 °C: 62.1%;
35°C: 59.3%)HI surfactin (30 °C: 37.9%; 35 °C:
40.7%); 552U EE M 40 °C I, JE K4 LA surfactin
N F(79.7%), fengycin A ELHIK(20.3%), [iRgh
RFRWY, X A ZE MO T FIAT-4 A A4 IR

AR K

RS2 L SR | 3040 °C 55357 A K
BIREM A AW T BRARSAE R T T FIAT-831 AR K,
FEREFRAI], 30 °C il 35 °C KB BINE IKACR
58T 40 °C; TEREFRIG I, 40 °C KA i g
T8 T B FIAT-831 SCR B, XIHFET
surfactin [ PRREIERCAERT, 24 surfactin & &k 5| —
SEFLEREI, BEATRU%0R fengycin 1R ELE AIBE J1 .

10000000
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2
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El4. FELREIETRIH R AT E FIAT-4 BERKLA K
BETFRE

Figure 4. The total ion flow spectra of lipopeptides
separated from Bacillus licheniformis FJAT-4 under
different culture temperature.

2.4 HARZFMIFE FIAT-4 JERRIRBEXHIEAE A
A

KA L B FRIEEEFE FIAT-4, WF5E T AR
JIE R MR Fa B 7] FIAT-831 . 3 ik 2Rt 4k JJ
FIAT-282. FAEJAMIBRIITE FIAT-370., FitJKJH]
ik JJ T FIAT-9230 FYAMHIRCR (R 2). 45 R R Wi
K ZEHATIE FIAT-4 7= A I ROk U A E 197
S ) TR Dt TR ELA B A R SOR AR AR
T, AL D FL ARG BRI e, S IR RO
2.5 HIARZFMEATE FIAT-4 GG AR A fsk JT &
by 2Nyl

I H B EEE W ARAATRI EH 2 . 15
ML Z I TR R 22 A FIE A, 45
WE s iR, A HIE R LR ) B T 223 %
JEUE AT, B A, TR R T S T 22 e
BRI . HREAFLIORY T, A L4
FELIEF; B By, C . D FIEH MRS H
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2. HWIRGFRME FIAT-4 fRRAXT AR 7] BBV =&
Table 2. Anfungal activities of lipopeptides produced by Bacillus licheniformis FJAT-4 against Fusarium oxysporum

. . Diameter of inhibition zone/mm
Indicator strains

FJAT-831 FJAT-282 FJAT-370 FJAT-9230
o cat ¢ erud 10 11.06+0.60° 14.55+0.96° 16.52+0.99° 13.03+2.29°
-oncentration ot ctude ) 18.48+0.92° 17.6141.58° 17.710.73¢ 17.37+1.01%
lipopeptides /(mg/mL)

30 24.51+0.42° 19.11+£0.48% 18.38+1.71° 19.51+0.59°

The difference letter in the same column indicated that the difference between the grades is significantly through Duncan test (P<0.05).

I5kV 4,000 5 pum

15 kV x4.000" 5 pm A
B 5 XREEIERELESHFAMBENE

Figure 5. Mycelial morphology of F. oxysporum under scanning electron microscope. A;: normal mycelial and
spore of F. oxysporum FJAT-831; A,: mycelial and spore of F. oxysporum FIAT-831 along the zone of inhibition; B:
normal mycelial of F. oxysporum FIAT-282; B,: mycelial of F. oxysporum FJAT-282 along the zone of inhibition;
Cy: normal mycelial of F oxysporum FJAT-370; C,: mycelial of F oxysporum FJAT-370 along the zone of
inhibition; D;: normal mycelial of F. oxysporum FJAT-9230; D,: mycelial of F. oxysporum FJAT-9230 along the
zone of inhibition. Arrows means sporulation cells and spores. Magnification: x 4000.
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PR 22 A | LA ST, WL A, 18T B,
Cy. Dy FHH IR R 1 25 A I A 53R T T TR 22 PRI 3R
R, MAF, REMAT . EREHREY
MRS BUEF 2L TwIY , R )
BRI IE R ARG

3

b AR 25 AT RO AEL ) 108 L R A AT Y
MHIRCR, W ECRAS . K . AR,
ZE M Z 55, TEAR YR 3 B 6 5 A 212 9
o7 O B 28k A U 5 3 WDt A 2 I A T
FIAT-4 RESEAT M I f1 3 J0 i i A= 4G, (L
TGS MY BUE AN BT . A TR Kk B
ACZF MUAT TR FIAT-4 Jir 306 (49 g K 40 Jo 3 9k 71
Pl HA ARG g ROR IR A S — 2 A ]
LC-QTOF-MS/MS £ A X2 3 B g R ALk S 2544
PEATSERE , o BT G SR SR 20 R % T B X 2% T
PR AR KBTI , JFAE ST R B IR I
XU AL T TR T 22 AR RS RIVE T, A g SR T
18 1 — 25 M T 84 it

HIAC ZF AT REAS 7 A= AR | plipastatin |
surfactin, fengycin S ZMARIKEILGY), AFF
PRI AE I BR R BAS—HE . Tendulkar 2557 M 1A
ZEHEAT TR BCIS Ff 73 H R R I pel HAT i)
TR IR KD 4E & surfactin (43 F-1& 1035 Da);
Pecci S5 A ZE AT B VOT 14 FR 54 s il 1)
ZMIRIREL A, 346 C15—Cs surfactin [[] R4
Cy; fengycin A, C;; fengycin B )2 C4—C,4 fengycin
[ 2, HTZ A0 AN SSBOR w2 A BRI P
Joshi SEPSIFIR UM ACZF AT W16 AR
AR A JRIKRERE S g IrGlRMOR . ASHESE 4G
FE WA ZF AT T8 FIAT-4 43307 A= A4 300 581 1R Ak ke

2 M Ay TR S R T I TR S A 2 A A A Ak
W, HEWBEERRGEM:, 208 JEf Cyy fengycin A
C,;fengycin B, Cj;fengycin B,, C¢fengycin A fif
. Cisfengycin B fiTA%) . Ci13—Cis surfactin 2
C3—C,s surfactin fiiAEZH K, Hr C;3—C,s surfactin
(m/z [M+Na]=1048.6/1062.6/1076.6) 17 4= ¥ N
G, R UL AR SCERARE

25 WU T AR AR R IR 2 5 1 R L o3
FIREFR 444 5%, Nihorimbere 2524 % BHIE 5 R Eh
(InFr iR ER AN IR IR ) A AT surfactin G, 1
W2 W) o (L g 0 L SROE RN 22 2R A AT
iturin I fengycin B2 ; B AR S5 1% A AFEA
Fl ¥ fengycin [ 7= A=, T H 0 A BY EE X
bacillomycin D & A MEHEVE; Yang 5%
R ERAEA R A IR A IR AN [F] - BRE
AR R4 fengycin, TEFR 504 K A&
AR U A 2k AR rp ™ A K surfacting, 76 5T /05
S5 Bt E BE N 77 2E Tturin, Ohno 25Vl 5% & I
FAFAUFT A RB14 AERIRIRIE N 25 °C B, iturin
F = s iR, T 30 °C J&/” A4 surfactin A9 s i
& o AT v TR 5 5% B 55 5% 1 A 2 FL A R
FIAT-4 A ™ 4 19 5 BR ¥ DL fengycin i F
(55%-70%); X RAEMRIHR T (20-25 °C)AREALIH
FeAERR R, 30 °C A 35 °C B Rk FIAT-4 {4
FEHE R surfactin FL] 73512 37.9%F0 40.7%,, 1115 24
BRI &40 °C) A AU B KA surfactin Hb
BRI 80%, Tl B I S i S S 0 4 A2 D
FFIA FIAT-4 R IR AR ™4z, IF Hosl A A T4
w IR K surfactin () L A1)

Fengycin & 2 MUAT I& 7 A (1) — 2 XHAE P00 Dt
FLEA BRI IR Ik, #F5E R AR
R Z [ A AE U R G RFAE A, surfactin 1 fengycin
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DL iturin F1 fengycin BTR A5 FH#S AT LIR KRR BE
AR — AR R A T PN AR ST R B 40 °C
Ra 387 A: BB K surfactin 2 /5 Jg K2 B9 80%,
T L Ath 35 B2 g K A surfactin 24 /5 I8 JIK B & 11
30%-45%, I T 7 A IR KR & Y A &R
s A, ULBH T surfactin fE A5 A A R
fengycin M1 GRS, #F—PHIESE T surfactin
Y5 fengycin Z [AIR PR EISERCAERT, i AR L [H) 26 0
FEHRIE

Fengycin HFI TR AL FT 8 /2 028 5 i 727 4t g
K368 35 (P Ve B ) B AR FH 3 A 0 M8 LA e R T 4
R 25 (o v )PV o 2 2 BV 9 B R
ZEMIFF P ge25 F7ERY fengycin ZRPIRAK(F Cie
fengycin A Fll C;5—C g fengycin B [7] R 574 9)
23 W AN 2 PR R RN N 2 45 T TR 0 G AR
K, oI I TR A TR 22 4540, A TR 22 2
WM, ASCERG R B EWEB A, #RIK
] B S AR D TR R 22 W BT, TR IR e
ENH TR, RIIHACGE AT E FIAT-4
7 A A TR I TR 2 55 £l S 6 Bl 0 TR TR 22 A K T R
B, ARG W IR ALK AR T
AR ZF AT TR & A ™ i Rig RO 22 Bl I Fa Hfk 0 TR
FIFI IR, 33X TR AR Y IS et oY ARG ZE e B
B RHET B BEE T R AL
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Characterization of lipopeptides produced by Bacillus
licheniformis FJAT-4 and their effect on Fusarium oxysporum
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Abstract: [Objective] Lipopeptides produced by Bacillus licheniformis FIAT-4 can strongly inhibit the mycelia
growth of Fusarium oxysporum. The aim of this study was to identify the structure of antifungal lipopeptide,
analyze the effect of culture medium and temperature on the antifungal lipopeptide production, and explain
antifungal effect of lipopeptide against F. oxysporum. This study is helpful to understand the mechanisms of
Bacillus licheniformis FIAT-4 in controlling F. oxysporum. [Methods] Crude lipopeptides were extracted by acid
precipitation and resolved in methanol. Their structures were identified using liquid chromatography coupled with
quadrupole time-of-flight tandem mass spectrometry. Their antifungal activities were determined through the assay
of inhibition zone experiment. Their effects against F. oxysporum were observed using scanning electron
microscopy. [Results] Lipopeptides produced by B. licheniformis FIAT-4 were identified as C;; fengycin A, Cy;
fengycin B, Cy; fengycin B,, Cy6 fengycin A variant, C;¢ fengycin B variant, C3—C;s surfactin and C,3—C;s surfactin
variants. Among them, C;3—C,s surfactin variants with m/z 1048.6/1062.6/1076.6 were new compounds. Results
showed that the culture mediums have relatively little influence on the composition of lipopeptides produced by
FJAT-4. However, the culture temperature presented obviously impact on the production of antifungal lipopeptides,
which can only be produced by strain FJAT-4 growing at higher temperature (30—40 °C) in comparison to
temperature between 20-25 °C. The higher culture temperature was in favour of increasing the proportion of
surfactins in lipopeptide mixture. The lipopeptides exhibited strong antifungal activity against several plant
pathogenic F. oxysporum strains in a dosage-dependent mode. Observation under scanning electron microscopy
showed that the antagonistic lipopeptides secreted by B. licheniformis FIAT-4 significantly led to abnormal mycelia
and spore growth of F. oxysporum. [Conclusion] The lipopeptides produced by FJAT-4 was composed of fengycins
and surfactins. These lipopeptides display strong antifungal activity against several strains of plant pathogenic F.
oxysporum, and destroyed the mycelial structure of the pathogenic F. oxysporum.

Keywords: Bacillus licheniformis, Fusarium oxysporum, lipopeptides, liquid chromatography coupled to

quadrupole time-of-flight tandem mass spectrometry
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