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i E: RAMFIERFRE AEELE TS B2 8 RS EABEEA AR, RS ARG HE
bk, PR M, ARIES ARG KA R A E & & (Surfactin)f AR B A (Iturin A)seE 49 sfp.
ituD = Ipa-14 A R &t 3140, 44 PCR 897 ik f i 2] — R B i#30 # 4 B4H sfp.ituD #= Ipa-14
IAN KA E ey m i XZ-173. it 4 32 A fLiXIE N A= 16S IDNA 57| A %K F F o4, HiE%
T4 R 8y 3F 74T # (Bacillus amyloliquefaciens). i it 21 4h &8 (FT-IR) 5 47 % 8 A XS = 4, A0
KE AHREREM R, FE3F IR Z 2ORA &% (HPLC) 5 AR st 3t 45 %, #8244 Surfactin #= Iturin
A 5. ZBMRE A IR RS AR K R B TR AR E 26.6 mN/m, 15 Ak &K E (CMC)
A 500 mg/L, BARIFeILALIEEE, T2 A AT E RN ERGHIBRER. B, F
FREnE XZ-173 2 —HM L A A% ) 6 heH .
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Screening a surfactin and iturin A producing strain and
characterization of its lipopeptide products

ZHU Zhen LUOYi ZHANG Peng YANG Xing-Ming RAN Wei~ SHEN Qi-Rong

(College of Resources and Environmental Sciences, Jiangsu Key Laboratory for Soild Organic Waste Utilization,
Nanjing Agricultural University, Nanjing, Jiangsu 210095, China)

Abstract: After preliminarily isolated from soil of vegetable gardens by using blood-agar method, eight
strains were further examined by oil-spreading test and inhibitory test. Primers were designed according
to genes (sfp, ituD, Ipa-14) related to surfactin and iturinA synthesis, and one bacterial strain XZ-173
with a broad spectrum of phytopathogens was screened out by PCR of the sfp, ituD, Ipa-14 gene. Based
on the physiological and biochemical properties and 16S rDNA sequence analysis, it was identified as
Bacillus amyloliquefaciens. The FT-IR and HPLC results indicated that the biosurfactnat produced by
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strain XZ-173 was lipopeptides that contained surfactin and iturin A. The prepared crude lipopeptides
reduced the surface tension of water to 26.6 mN/m with a critical micelle concentration (CMC) of 500
mg/L and showed stable emulsification capability and strong inhibition against Rhizoctonia solani and
Ralstonia solanacearum. Lipopeptide-producing stain XZ-173 had potential to be used in biological

control of soil-borne plant diseases.

Keywords: Bacillus spp., Lipopeptide, Surfactin, IturinA, Phytopathogen

ZEHIFT T (Bacillus spp.) B & 2% it A= 32
ZREVERRY) Z R0, RRAE 7™ A= i T P 28 96 F0 45 Fh
R L 2 IRZEFPE IR A A R EPiAER, 2
HAEU A A7 T4 P A B B R Nl AR A
WG M RE IR G W & H B W —2%, &
AU 4F Surfactins, Iturins 1 Fengycins 3 %24,
H TG K2 A SR SR K PSR 1, R e
WORARRREE R, B S A B2 PR A
ERNB— R R, BLM N Y SHIETF K1Y
AEBY, Surfactin & T8 05 A A% Y A 1 2 T 4 k) 2
—, A REAOK R T (N 72 mN/m L E]
27 mN/m), IHIARE L G RE . BCR . SRR AR,
BRI E, FEE 2R ATl A
B R FAE Y tturin ZEE LA 1turin A BT ELBE
TR, 5 R R AR AR 2 R A REAR L), AT
T AT T 1 9 FLARBE 2 4 i A i A 2510 i
Fengycin X 224k 3 BA BRI, A
1 R, Surfactin 5 Iturin A H:[F4E g8 B 35 1 0m
VAT PR SR, B K K i K 40 T AR AR A
A A A A S ) I AT AL I R DG il A
Rt EE,

IR 28 2 T 0 P ) A A 1 T e ot 2 R R AR
it TR AE I BN AR b 7= A i i B ) R R R AT A3
Y, B AR R Z R IR D AR e 4 & 2
e, LARAS IR KA B AR TR (1) i -
MWD, HE 0 T P R B A A T vE A A 4y
BB — 4 IR KR AR, (2) HR4E Surfactin it & rp
(1) sfp FE (IR IKZE ) A b T 5 2 36, gty
SFP W& T 4" BEFRIZ Whan 3k & W S5 R W R ),
PLEKE 1turin A JE BGE 24 IR ituD 28 (b
TERAHEG A BEEEES, TR lturin A BOFEE) AN Ipa-14
LR (G ABEIRLZ Bk a5k O WL AL B, 8715 1turin

A BAREEE G PRI B BT 14, X i 158 3] 1) P Ak
it — AT A SRR, 454 FT-IR Al HPLC
ST IACHE Y, B BR IR 2R R, (3) X
A B R IR W B M) B FLALMERE R TS PRI
il 5 UL A AE W96 D B AR A R RE IR R AT T AR N Y A
G, AR A JOR TR AR A AR ol 45 358 ) 1z ] 9 o A
R 2 R R B DG A ) B R P HE e AR A

1 ME5HE

1.1 ##

111 3 AT arsEbiEm A5 - 5,
K AT IR H 2T A

112 #BiXFEEE: K% I HF A 25005
(Fusarium oxysporum f. sp. cubense, FOC) . #ii {6 # 25
959 JEL 14 (Verticillium dahliae, Vd) . %I S7 A i J
T (Rhizoctonia solani, Rhs) . HH %% 5 12 55 95 J5L 4
(Phytophthora parasitica, Php)F1Z it w5 A I 9 i i
(Ralstonia solanacearum, Rs)4=#f i1 VI 754 [ 44 HL
V2 350 VR AR v R AR AT 9 s S0 2

1.1.3 55 #E(g/L): PDA: L% 200, #iZjHH 20,
g 2%; LB: #HH M 10, BEfEAy 5, NaCl 10, pH
7.0; NA: %8 10, AW 5 4 WHF 3, pH
7.0-7.2; Landy: Fi%3H# 20, L-B EREN 5, KH,S0, 1,
MgSO, 0.5, KCI 0.5, BRERS 1, LRI 2x107°,
MnSO, 5x10°%, CuSO, 0.16x103, FeSO, 0.15x10°%,
pH 7.0, IMIHEAE A2 A 1R 5 R o H AR A PR
N o AR 3R N R R VR AR FR IR N 2% (WIV)
R HIAE

1.1.4 FRAES: Surfactin Al lturin A B H
Sigma 2~ Al .

1.2 EHREITHIEFEE

1.21 MR BCRER W FAARPR 1 10 g
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A 90 mL Jow /K Hr, #R3% 1R 21, 80 °C 7KifF 20 min,
BN E, BB 1075, 1078 BB B 5 34 A T Il B
BFH, BCA 37 °CHEFRAA TSR 1-2d, BEHU™ 4=
T 300 3% i B ) B AR R 2 T AR LB 1595 1, 37 °C
Bigk 1d, RAF&H

122 RB LiERBOEIE: B imis 2] i B bk e b
T LB iR R: 373, 30 °C 170 r/min $& R K5 3% 48 h,
10 000 r/min E5.0> 15 min EREAK, &8 Gt
0.22 um FLARJENEBR B, 4 °C fi A7 .

1.2.3  HEBGEMERN: B—EHA4 9 em HiFRIL, A
TR, BRI 0.1 mL VA4 i 22 A8 7K TP B
JiEE, SRJEFEM RO 0.01 mL &R EiEWR,
S YHH R 2 Bl A5 1) D LR i — > [ B, B A RN 5 3
GRS R 2RI, BB ER 3K,

124 MFEBEHEFERMNE: HER 5 mm BT
i VIO i BT B DF Q7 A 2 A% R UAT %) B T PDA
AR R e, A DY R ] K R A R R R, P AR
T 28 °C KM 15 3% 2-5 d, WLEL T BR T A [R5 i

FUIA AN B SCR, BB KN, TR XS Al TR
B0 T R SR R R NA B35 38 b ST e
(30 °C sk 3% 12-16 h), SRJF MWLM 10°-10" CFU/mL
P75 A TR TR, 30 CC IR FRAR NI 1-2 d, s
IR/, S Wbk S B RE 22 57

1.2.5 sfp. ituD #1 Ipa-14 EF &Y PCR # 1% &
Frlo1el: (i A 3 DNA $2 U5 & (b mt R BRI
KR A R 6] PR ICS DI e R MR . DNA, #7315 5]
YIRS L 1. PCR KA 25 uL &, LIFE# DNA
L AR, OV 254 973 sfp 240 94 °C 5 min;
94 °C 1 min, 48 °C 30's, 72 °C 1 min, 30 1§ ¥£;
72 °C 10 min; il ituD A1 Ipa-14 4: 94 °C 5 min;
94 °C 1 min, 58 °C 30 s, 72 °C 1.5 min, 30 P§¥F;
72 °C 10 min, H ) F Bt 457 & (Axyprep DNA Gel
Extraction Kit, Axygen Biosciences)4lifk )i i% 4% 3|
PMD19-T-vector (TaKaRa) I, %1k E. coli DH5a, Fifi
BLPk L FEPE FERE, $2 BO0R IT B YIS0, 7 40
P i o 4 0 i A2 )RR A PR F) 98 1

x1 HFTHEsp. ituD. lpa-14 EE Y549

Table 1  Primers for amplification of sfp, ituD and Ipa-14

FEH 51975 R SNGN
Gene Primer sequences (5'—3') PCR products size (bp)
- ATGAAGTTTACGGAATTTA 57
sip
TTATAAAAGCTCTTCGTACG
. ATGAACAATCTTGCCTTTTTA
ituD 1203
TTATTTTAAAATCCGCAATT
GAAAATTTACGGAGTATATATG GACCGC
Ipa-14 675

TTATAACAGCTCTTCATACGTTTTCATCTC

1.2.6 BHRRILTE: A FRAARME R E )5 2 0 S
Hk[18], P35I HKFH 16S rDNA il 514 (16s-f:
5-AGAGTTTGATCCTGGCTCAG-3"; 16s-I: 5-GGT
TACCTTGTTACGACTT-3") (17 &t 4 Wi A= PRl

HARA A A ). PCR R 25 pL iR &, LLTE
Pk DNA B FEATY 1S, SO A5 94 °C 5 min;
94 °C 305s,50°C30s, 72 °C 1 min, 30 MfG#R; 72 °C
10 min, PCR 7=#y %k Hik 7 & (Axyprep DNA Gel
Extraction Kit, Axygen Biosciences)4fifb )5, %
PMD19-T-vector(TaKaRa) I, ¥41k E. coli DH5a, #k
e BHPE s B, PREUER SRV RS, S H R AT

http://journals.im.ac.cn/wswxtbcn

& W AR R A B2 T S8 Y TAE . P4
1E RDP 04 A Hp b A7 b, 3o B R) Y2 2 v 1 7 31
K MEGA 3.1 8 A i bk Rl I, 483 vk 4
Wk ARG KT M.

1.3 BERKHAREM S

1.3.1 H@IEEG FT-IR 947 ¥ &tk XZ-173 #
Tl T & BERE 32 5L Landy HY, 30 °C. 170 r/min $& K 15
752 d, Bl—EH LW, 10 000 r/min &.0> 15 min
ZBRHEAR, E3EWH 6 mol/L HCI#HY pH &= 2.0,
A A ZURYTE, 4 °C #E R, FLL 10 000 r/min
#5020 min WAEDIE; H pH 2.0 1Y HCI ¥E¥% 31K,
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PO TR K, F NaOH ¥ pH £ 7.0, &k
b 15 2 T PSRBT 3 v 0L
KBr JE /i, % JH ThermoFisher 1S10 £L4MGREA 43 Hr
FE b ALY
1.3.2 HPLC EMH#: HPLC /- &4 M Agilent
HPLC 1200 series, f& i+ 5 ZORBAX Eclipse
XDB-C18 Analytical Column (5 pum, 4.6 nmx250 nm);
R MR 2 280 nm, AR A 30 °C; SR T AE A FE VR
HATRER AT, BT s A B R, Wshil B
0.1% = LR (VIV), TahAHtLfl: Surfactin 43 #H7h
A:B=70:30 (V/V); lturin A 73H7k A:B=40:60 (V/IV);
Jiik: 1.0 mL/min; #EFER: 10 pl.
1.4 BERAF@EFEMFERMEROAR
1.4.1 FABEBKIRRAYH) & MEFIFRIL 20 mg JEICHL
AT 20 mL R K, RS, BRI EE, AL
1000, 500, 200, 100, 50 #i1 20 mg/L FHLAG KV
142 MEBEKIA‘CEEMNE: FikS Bk
[19-20], M 1 D24, A 2 mL BElFn 2 mL
N ICHLER I, TR IRA) 2 min, $58 24 h, ME3F
EE ST S E s, B EmES 3 ), KT
Kt EFLLFEEC

FUALFE R (ELoa) =LAk 2 155 B2 VU 3 2 X 100%

FLALHBOCE 96 h, FEBE 24 h P FLILFREL, K
T 3 BEBEA [F] v A Bl ORI VR 7 2L Ak A e 1k

F Ak Fa 8 PE (Stability)=E1/El,x100%.,

Elo A 0 h # il I FLALIE L, El i i e
th L ILFE %L,
1.4.3 BRRRAESBEARMEREFRE R DR E: A
JURHET BE 7 09 % T vk S B 1.2.3; FMmi5K 1 (0 e
KA, ARl ZL-2 R A B A sk 4 (0 2R 3
TR L D 2 A AR T), B E I 3 1K
1.4.4 BERKAR SINEFMERYE : BORLIS MR BT
0.22 um JERERRTA, IS TR o R AR HEAR D 1
T D AN [] e R R JOR VS YA ) 40 T P K s o A A
MEH 3K,

2 HiR54W
21 EHHIDE. iFiE

e AR B - 98 28 0ok il SR 0, 3 B A Il sk
ST 8 BRTAAK, T8 A HE T A B I A A T
PR R PE R RN B Y A RE Ty, AR 2 S5
H, WMk Z-25 HAARCmOHER G, A IO B
Hkk Z-62. Z-72. Z-92, Z-101. XZ-173 HEihihtE:
BN 2-25, {3 AR 06 DR B 24 AT A B I
R, H ) Z-62 i XZ-173 Wk fe T, 25 A bR
7 2% TH T P R RN B A R RE ) R, Bk R Bk
Z-25. Z-62. XZ-173 )55k 5 .
2.2 sfp. ituD #0 Ipa-14 EF 1%

S AR IR A S R 4] DNA AR, £ PCR
Py R E AR XZ-173 BEGE[EINH 1S K

R 2 BERBTHEMEE DA E AR R E R I HI R EER

Table 2 Comparison of oil-spread capability and inhibition against common plant pathogens
among screened bacterial strains

754 ()R /) Inhibition zone (mm)

3 42
S%Zﬁ Diameter ofiﬁlif:;zone (mm) T S LESLL LESEL AR
RS Rhs FOC vd Php

Z-25 35.67+1.15a - = - = -
Z-62 15.67+0.58f = 9.11+0.13a 6.14+0.26a 5.73+0.15b 5.07+0.12a
Z-71 19.67+0.58e = 5.17+0.06d 2.47+0.15e 1.87+0.21e =
Z-72 24.33+0.58¢ 9.13+0.21b 4.33+0.29¢ 5.57+0.06b 3.27+£0.06¢ 2.03+0.06e
Z-91 16.67+1.15f - 5.88+0.10c 4.73+0.15d - 3.03+0.12d
Z-92 22.33+1.53d 5.77+0.15d 6.17+0.15¢c 5.27+0.12c 3.36+0.21c 3.53+0.12¢
Z-101 21.67+1.53d 7.27+0.06C 5.22+0.08d 5.23+0.12c 3.03+0.15d 4.17+0.06b

XZ-173 29.67+0.58b 16.53+0.25a 7.38+0.20b 6.07+0.15a 7.97£0.12a 4.93+0.17a

Note: —: No antagonism. Means followed by the same letter within a column are not significantly different (P<0.05). The same below.
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25 675, 1 203 F1 675 bp M PESH (B 1), HL
PIORS 5 BH 1 ) B R bR (FZBA2) 45 1 — 5, #1287t
INHA sfp. ituD Fl lpa-14 K, PCR F=#4lifk 5%
PR BRI, Frfs T 515 BLAST A1y sfp.
ituD Al lIpa-14 & [A R ME S ik 99% LA b, W &
XZ-173 BA5 sfp. ituD # lpa-14 3 5,
23 EHXZ-1T3 EBEUFRFELEELR

PR XZ-173 Fe 22 [RYL A BHPE, 20 A ATIR, oo
AL EBERHE . JER K MRBAPE . VPN B . HH O
ORI PH M . BAROK A B | RS RR SR B FH A L s
WIS B, RERI AT IR EY . WA R, AR,
KRR TR R, REARKE . L-BTRiasE . H
FEWE . RERE . BB E R

4 XZ-173 ) 16S rDNA F5$£55 = RDP %k
e AT XA B, SR ECRDIE MR AGE Y 20 % 16S
IDNA JFHI M R G K B (8 2). S5RERY], Wtk
XZ-173 5 B. amyloliquefaciens #r#fE# tk CR-502
(GenBank & 355 AY603658) [i] I 14 % 155 (98.5%), -
SRR, W FE R XZ-173 R vE
i ZF AT
2.4 BERKHIEED BT

PR XZ-173 By TG PEFDE S 2 3250 1.1 glL,
OGS TR S AT FT-IR 4007, 455K 3R, 7EIR

A B
bp M I 2 3 4 5 bp bp 5 4

2000

1203
1 000
750

500

200
100

675

E1

3

3 I, 3 411.37 om ™ J& A IR SV S RZ AY NH
f4RTEHF, 1649.76 cm ' il 1 551.66 cm ™ 43 il g ik i
AT T RNID, ok S RREAE W3R RS & b 35 45 IR
P F 2 960-2 860 cm ™ il 1 455—1 380 cm * F Ak
WS S W BRBE 1Y) C-H 4Pk 2h, 1 236.02 cm ™' AN
R B RFAE S, R WIRE 5L & A BRI R 43, TR
WAZRE i R iR RS Jo

XTHRBUY IS KRR Fh 22 CHZOH US4 HPLC
bR S T Rt . i 4A BT UL, Surfactin Ay i i
TELR BRI ] 3.065, 3.529. 4.098 min H BLAFAE I (2
LC-MS iz ), A5 AL 76 Of B8 B [a] 3.129 .
3.484 min FAL 1 L T W (18] 4B), 31X 2 AN T
PRUEIERET, AT AER Surfactin (R R, HkE
i A Surfactin, FL# & 5A FIE 5B B[4, Iturin A
B o i B RRAE D 7E R BE B IR] 3.260, 6.665. 8.809.
9.266 min 1B, AL 7E fr B3 15 [H] 3.252., 6.666
8.731. 9.344 min WWAH 4 M, X BEIE I FEbREI
BT, PRBCRES AR S turin Ao SR A HPLC Xt
JUCKL i Surfactin A1 lturink A 95 AT E, DU
4 XZ-173 1) Surfactin A1 lturin A A= 8505H4
158.90 A1 75.09 mg/L, H: Surfactin ;=4 & T B. sub-
tilis ATCC 21332 (109.50 mg/L)™, 7 i1 Y SCifk
TR

C
2 1 M bp bp 54 3 2 1 M bp
2 000 2 000
1000 1 000
750 675 750
500 500
200 200
100 100

sfp (A). ituD (B)#A Ipa-14 (C)E E Y PCR ¥ 18

Fig. 1 PCR product profiles of sfp (A), ituD (B) and Ipa-14 (C) gene
Note: M: Molecular weight marker (DL2000); 1: Distilled water; 2: XZ-173; 3: FZB42; 4: Z-25; 5: Z-62.
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Brevibacterium halotoleran LMG 21660 (AJ620368)
Bacillus mojavensis CR-95T (AY603656)

r Bacillus mojavensis CR-119T (AY603657)

[ — Bacillus mojavensis IFO 15718 (AB021191)

|~ Bacillus subtilis subsp._spizizenii NRRT B-23049T (AF074970)

77 Bacitius subtilis subsp.subtilis DSMIOT (AJ276351)

R =77 77 s INQAA AL
DAcCiiuy vallismortiy DSNL TTUDT

o

AAI11OR
(ABO21195)

05| 54| [Bacillus amyloliquefaciens NBRC 155357 (AB255669)
29 [XZ-173

75" Bacillus amyloliquefaciens CR-502" (AY603658)

82

Bacillus atrophaeus JCM 9070" (AB021181)
—— Bacillus sonorensis NRRLB-23154T (AF302118)
100 100| [Bacillus licheniformis DSM 137 (X68416)
98 Bacillus aerius 24K" (AJ831843)
96 [ Bacillus pumilus DSMZ 27" (AY456263)

Bacillus vrbfﬂnviv EQ-036hT (AF?'{ARﬁA)

100 Buacittus ublu[/l’tit’uo

D1 Foip o di 2 AT
DACTiius ailiiuaainis 2515

97

Bacillus vietnamensis 15-17 (AB099708)

Bacillus shackletonii LMG 184357 (AJ250318)

0.005

2 HETHEF XZ-173 16S rDNA FIIEIM AL L BEH
Fig. 2 Phylogenetic tree constructed by 16S rDNA sequence of strain XZ-173
Note: Bootstrap values(%) from 1 000 replicates are as shown. The scale bar represents 0.005 nucleotide substitutions per position. Numbers
in brackets are GenBank accession numbers for the 16S rDNA gene sequence of the type strains.

100
95

90

2 848.34
1 236.65_’
1 069.67

85

140237

80

295924 ——=
= .

75

Transittance (%)

70

1551.66 | 449 29

65

1 649.76

60

341137~

55

50 1 1 1
4000 3000 2 000 1000

Wavenumbers (¢cm™)

3 E¥E XZ-173 P4 B A5 BR¥ R 9 £ S IR UG St 1 B
Fig. 3 IR graph of crude lipopeptide from strain XZ-173
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12 | 2.662
|.3'085
0.8

0.6

04

Absorbance (mAU)

02

4.098

Il [\3.529 ||

02 ¢ 3.484

Absorbance (mAU)
(=]
fad

\13.827

5.262

¢ (min)

4 Surfactin R 54 (A)F0 Surfactin #8 5 (B)i&#H & 1L [
Fig. 4 HPLC spectra of standard surfactin (A) and crude surfactin (B)

2.5 BERKHE SR BIREEMIFE

Y HEL B POV VA R R IRk BB, 4 i) 5 i i
iR, whE, WS eiE B (E 6) Rl il i v
(B 7)o R BRI W BBk =, FL AL e B (& 6)
FELN v 5 78 7 T 500 mg/L ISF, Ely ik 70%0L |, 55
P R AL LR RE, (H2 2LAL B8 T B 2 7 e 5
AIHE AR AN 13 FEMRBEAIR T 500 mg/L B, Elp, Fifi
IR AR B2 ) BRI T B BA 5, ELMR AR 50 mg/L
(A AR IRV T . WA AT FL AR RE )y . ARG IR 7 25
SLEH, FUALWORCE 96 h, TN [EIHk RIS IR TR YL
feRae A —E R R TR, 7EMIE ST 500 mg/L
if, BE AR % 10% 247, FLbRa e M Re R s
FELIR PRV BRI, ZLABRR A Ml 2, 4 e i s )

http://journals.im.ac.cn/wswxtbcn

3N, PR 3 . ARl L, AR IRV LA
—E R TEYE, T B — 2B PR AR 5Y

VT HE R KNS Rk 2 A, H
8 TI, Fifi AL AR IR O RIS, R HE T BE
BEWRES, AR 12 T K I E B RN, YR ik
# 500 mg/L LA i, KTE5K I EFE % 26.6 mN/m J5
FEARMBRFAAS, MUEMRT 20 mo/L B, HLAE KA
THE R B A2(20.7 mm) 5 X RE(10 mm) 22 57 AN iR 3
Ferm gk JIE N 66.5 mN/m, JLF-¥A L\, &
TH T 42 BRI i R 288 2 T 0 M DR CMIC {29
500 mg/L, tb— Bk aE R m iSRG CMC A
(SDS 2 120 mg/L Fliti 20 600 mg/LPH)BAR, R
HH I AR Ay A 2 2 T R 1 O A i
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wy
b=
L=}
A o
20
2
E |j B
g ©
5 oC
g T = 8 2 @
o - —-
-
s | L
0 L L L L._A....l_l i |l L l. al L f L 1 1
0 1 2 3 4 5 6 7 8 9
¢ (min)
~
o
=
(o}
B
7 F |2
(=]
)
6 f
5 3
5r s T
g z
8 4F 7
5 o
583 g
£
fi =
2t . ' -4 2 = -
Ao *° 9 = 8 &
N H.'#“?@:
0 1 2 3 4 5 6 7 8 9
¢ (min)
5 lturin A FRAESR(A)F Iturin A 18 5 (B)i&#8 & i &
Fig. 5 HPLC spectra of standard iturin A (A) and crude iturin A (B)
9 r 120 ¢
80
—_ = . 100
S S
E 60 t z 80 f
= 50 | - —e— 1000 mg/D
<
E 2 60 F mg,
g 40 71 5 —=— 750 mg/L
= 17}
z 301 E 40 T —a—500 mg/L
£ 20 | = —A— 200 mg/L
20
10 r —— 100 mg/L
0 1 1 1 1 . 4 1 # J O 1 1 I [} 1
1000 750 500 200 100 50 20 0 24 48 72 96
Concentration of crude lipopeptide (mg/L) t (h)
B 6 AREREMBRKARFILIEL 7 ARIKEMERBKARMAKEEN
Fig. 6 Emulsifacation index of crude lipopeptide at dif- Fig. 7 Emulsion stability of crude lipopeptide at different
ferent concentrations concentrations
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80 —— Qil spread capability of crude lipopeptide 71 80

—4&— Surface tension of crude lipopeptide
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Fig. 8 Oil spread capability and surface tension of crude lipopeptide at different concentrations
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F T B R X T A TR RN ST A 22 A% TR A PR
8, SR B W o SR R AR AR R, ST T AN
VR B RH N R W I TR TG P (R 3) . R R B ARLAR
R W (1 000 mg/L)XF 7 Ak 22 4% b F 5 A B R 2 3
0 RH I BRI RCR, TR B A 16.27 mm
F1 14.43 mm, Bl R BE A REAR, FEB0IE PEZ BT,
F£ 200 mg/L B AH IR BROGF S7 A 22 4% T 8 2 AT T TR T
Pk, X E A EAD A — WM E AR, vl g
SEUI Bi K 2 0 S5k 240 TR Y BT IR SOR B T A
W, B — W IT R T, X 40 B 4 i
RN = 0 e

%3 IR AR AR RO R 1

Table 3 The antibiotic ability of crude lipopeptide at
different concentrations

T B
e Diameter of inhibition zone (mm)
Concentration (mg/L) ST AR HHR

Rhs Rs
1000 16.27+0.15a 14.43+0.31a
750 11.20+0.26b 12.97+0.32b
500 6.47+0.15¢ 10.17+0.21c
200 = 7.37+0.15d
100 = =
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