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RS Ak "RAT R [E] BT % ( MALDI-TOF-MS ) FHVR AR 135 BT ( LC-MS) 43047, & BUIZ R R RE /™~ A R MG PEER Surfactin 12
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Antibacterial activity analysis of lipopeptide and polyketide compounds produced
by endophytic bacteria Bacillus amyloliquefaciens BEB17 SANG Jian-wei'?, YANG
Yang®, CHEN Yi-peng”, CAI Ji-miao®, LU Cui-mei*, HUANG Gui-xiu>*  ('Institute of Tropical Agriculture and
Forestry, Hainan University, Haikou 570228, China; *China Environment and Plant Protection Institute, CATAS/Key Labora-
tory of Integrated Pest Management on Tropical Crops, Ministry of Agriculture/Hainan Key Laboratory for Monitoring and
Control of Tropical Agricultural Pests, Haikou 571101, China)

Abstract: The strain BEB17 is an endophytic Bacillus amyloliquefaciens isolated from the roots of healthy
banana plants in our laboratory, which can produce volatile gases with inhibitory activity against many
pathogenic fungi. In this study, we found this strain contained the genes encoding the synthesis of multiple
lipopeptide and polyketide compounds via PCR amplification. In agreement, this strain did produce several
known bioactive compounds, including Surfactin, Sufengycin, Iturin, Bacillibactin, Difficidin and Bacillaene,
identified by using MALDI-TOF-MS and LC-MS. By comparing the two fermentation medium (M9 and Landy
medium) and two extraction methods (acid precipitation and macroporous resin extraction), we show that the
acid precipitation method is more efficient, and Landy medium is more prone for fermentation of lipopeptide and

polyketide by the strain BEB17. The activity tests showed that the crude extracts from two extraction methods
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described above had a good inhibitory effect on banana fusarium wilt ( Fusarium oxysporum f. sp. cubense race

4., Foc4). Furthermore, the crude extracts from macroporous resin extraction method display the best inhibitory

effect compared to other treatments. When the concentration is 300 pg-mL™, the inhibition rate can reach

80.75%. This shows that this method of crude extract prepared by the active substance content is relatively

higher. The further research shows that it can cause the mycelium of Foc4 swelling and deformity, and inhibit its

spore germination. In addition, the Foc4 cell membrane were damaged by trypan blue staining.
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F RS SRR AR S, —
R 2 FhigAe o3 BITEAR A A IR G B (NRPS)
FEREA 5 W (PKS) A ZUR & iy, Hodr stk
ARG U IR IR ot A G R TG P R
Surfactin JH A5 #5 & % Tturin F1{Z 5 % Fengycin —
R0 IR WA B ST A R R RS A )
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BT Y LE B I R B R AR
Koumoutsi 25* F1 Chen %' B 5% & IR 1 TE 53 2 40
FFIE FZBA2 715 1 g RSy Jo v 4100 4 it TR 114
AR 7 A 1 R A A X BR SC R B ( Erwinia
amylovora) 5|2 (1 B K B AT BB BOR . Zhao
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1100 RGO (35X Agilent 6410 = & #E Y
AT AN ; F5 ST I B e e R 2 7 k- AT R
[a] 3% ( MALDI-TOF-MS)
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Table 1

The genes and primer sequences used in the study

Lipopeptides Gene Primer

and polyketides

Sequence (5'-3")

PCR program

BacillomycinD bmyA BmyA-F

BmyA-R CGATTCAGCTCATCGACCAGGTAGGC
Fengycin fenA  FenA-F  AAGAGATTCAGTAAGTGGCCCATCCAG
FenA-R  CGCCCTTTGGGAAGAGGTGC
Iturin ituC  ItuC-F AGGATCCAAGCGTGCCTTTTACGGGAAA
IuC-R AAAAAGCTTAATGACGCCAGCTTTCTCTT
Surfactin sifA  SrfAA-F  AAAGGATCCAGCCGAAGGGTGTCATGGT
SrfAA-R
Bacilysin bacA BacA-F  GTGAAGGCCGTACTTTTGTCTGGC
Bac-R GGGGGGAAATACAGCTTCAGGGC
Bacillaene beaS BeaS-F CGCAAAAGCTCTTCGACCGCCGTC
BeaS-R  CTCTCGTGCCGTCGGAATATCCGC
Difficidin dfmA DfnA-F  GGTGCGGCATGAAGATTTGAGATCACCG
DfnA-R  GGAGAGCACTTCAATTCCGACGTTGACC
Bacillibactin dhbA DhbA-F  CGCCTAAAGTAGCGCCGCCATCAACGC
DhbA-R CCGCGATGGAGCGGGATTATCCG

AAAGCGGCTCAAGAAGCGAAACCC

94C 10 min;94TC 45 5,62TC 45 s,
72C 2 min, 34 cycles;72C 10 min
94C 10 min;94C 45 5,62TC 45 s,
72C 2 min, 34 cycles;72C 10 min
94C 10 min;94C 45 5,60C 45 s,
72C 2 min, 34 cycles;72C 10 min
94°C 10 min;94°C 45 5,60°C 45 s,

AAAAAGCTTGTTTTTCTCAAAGAACCAGCG 72 2 min,34 cycles;72C 10 min

94°C 10 min;94C 45 5,62C 45 s,
72C 2 min, 34 cycles;72C 10 min
94°C 10 min;94C 45 5,66°C 45 s,
72C 2 min, 34 cycles;72C 10 min
94°C 10 min;94C 45 5,65 45 s,
72C 2 min, 34 cycles;72C 10 min
04 10 min;94C 45 5,66°C 45 s,
72C 2 min, 34 cycles;72C 10 min

G YE U DG A 1 R S PE 5 1 9 (514 5 51 Fl
SRRy WL 1) X5 P9 AR 4 B BEB17 19 3k [H 41
DNA #4743, sy kil BEB17 JE PR 24 i AH g
FRISFN R WAL B4 A R

1.2.2 AZAMH BEB17 fs k£ A= R BA K AL 4 0
FEEC iR R 0T 25 AR LA Bl i B2 72 2 B
BEB17 KBAE T HIARIKE AR B A, O
% Yang 5 (R UTVE L. 200 mL M9 Al
Landy 35555 & A PT N 24E 4 7 BEB17,30C, 180
r-min” #E K55 FE 48 h,8 000 r-min™ B0 U L
KB 35 6 mol- L™ HCI # pH & 2.0,4°C 1t
TS COMSCEETTTE 5 [l UTTE TR AV, A FR 0 HH it 97
pH & 7.0, o 55 D BT B % R g
LR VRT3 4, PR 5 FHH e R i o ok
10 mg-mL LY & &% Feng K FL
FEAGHhA  dFH 200 mL M9 Fl Landy £ 573
KN A 40T BEB17,30°C, 180 r-min™ #% K 1% 53
48 h,8 000 r-min" B.OUEE B, 10 kK B L E
JIA 10 mL AbPREF1Y XAD-16 RALK G , 7E8E J14
PR DR, DB AR PR, (R 4tk Pk
WHTIE 2 IR, PR JCK BRI A . W I vk
IR B2 V8 VR T I AILA VR T 05, BRI FH Y s
TRV B 10 mg - mL F 2R A&

1.2.3 A% E BEBI7 gk X Ao R EA RS Y
AP 5AT FI T U B O AR W R 2 - 1k-’AT
5 18] 5 3% ( MALDI-TOF-MS ) 1WA €8, 3% - 5 33 B¢
FH(LC-MS) , 73 i itk BEB17 % = A4 i g ik 2k
MEREIZEAL A PFIZE ., MALDI-TOF-MS HEAKJ;
%Z M Ongena 257 fifi ] 337 nm ZUISOG I8 fi
BFf AN E B, R a-F-4-3%2 N RE R (a-cyano-4-
hydroxycinnamic acid) “h & it , 5 £ B A 52 4
W5 oK HEE 50 £ BETR &), B T AR 2 IR
ATIE , BT EAREE A 900~2 000 Da, #AHE
A A% H o Agilent ZORBAX Extend-C, i
4 (150 mmx2.1 mm, 2.7 pm), Wi # K 0.3
mL-min™ ; FEIHH A 5 0.1% H R 2 E-H 7K (30
70) ;WA B R B EAE & 20 pL; VEMERR T
0 min,60% B;60 min, 100% B;65min, 60% B,
Fi 25 AF ESI (+/-) AR 350C | TS
M 8 L-min” 25 LS K 1 30 psig, Fragmentor
175 v, Collision Energy 100 v Skimmer 65 v 414
755 auto MS/MS; B ¥ 41 3 7 . 100 ~ 2 000
mez '8 .

1.2.4 WA HE BEB17 fig Ak K A= AR 4042 4 4F
Focd B 2 A ¥ g4 /E R 985 7] Focd 4
EHEALS , 75 PDA Al L 28CHEFE 3 d, -HATAL
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PEEVE NG ITEUE A 5 mm WEEE I, 17F
LS5 ) 50 mL PDA H 3 Bl A BEAR BRI 118 H 4
P2 BE 4390 R 10,50,100,200,300 g -
mL ™" R A RS SR (90 mm ) Ho il Bl 754
B HISEAR 5 B2 Rl Focd BWE, LITGHE PDA AR
Focd B BHE M 25 FORE, DL R JG /K B BEAE A %
FIXFRE, FAL 3 W, 7 d U R A KA O, I
K P38 SO i KT v AR TFRIE LL T A5
THEMG] A M 3 (%) = Oof B 7% AR -4k 2
Wk ER) /(W ERETE R -RUFER) X100,
1.2.5 A% E BEB17 fig Ak 3 Fo I8 AR K AL42 4 2
Foc4 70 8 & a9 4 #1468 Ff Focd 1F PDA ik
R geddh 28,180 remin ' YR K535 7 d ) A
UEARIT B PR L T 22, Wil Bk B 107 CFU - mL™ (1)
61 F-BR IR, IK LA B A B AL 10° CFU - mL™ fiff
o s AR & 0 1.2.3, e 8 Ak
URAT 100 wL Focd 1B IZ W, L JCE PDA ~“F4it
WA Focd 820 WAE 2 oo B DL EUinJe K
F A s AR IR, AT 3 IREE R ,28°CHE R 3 d,
ST T A B, S DL A S B AT i A T
B IME R (%) = (X BB 8 & B -4k # 9 7
W R H0) /% BEIEL T K $x 100

1.2.6 A AEZmE BEB17 fig Ak 3 Fo I8 AR K AL42 4 2
Focd B £ 8% S8 1.2.3 W7k, (i A E
JE (71 5 B AL BE Focd Hitk 7 d Jm , PRBUA VS 4
G2z, DR BRI IE H TR 22 0 25 U6 IR DL
FITCAK Y A 3 % TR 22 A v R IR 0.04% 15 W ik
Yufd, 10 min J5, 8 0B 2B 8 M et

T,
2 ZERE5HH

2.1 WAEYE BEB17 IEMMEMBMELEM A
FI AR 55 2 R A i)

wE 1 s, DA 40T BEBL7 R UE # 2
FIFF B FZB42 HYFEK 4] DNA Syt , n] LAY 38 51
BacillomycinD & {3 K bmyA Fengycin & ¥ 3k Kl
fenA Tturin & 83 ituC | Surfactin & L sfA |
Bacilysin & i %t [H bacA . Bacillaene & A &
[Klbeas | Difficidin 5 % F& A dfnA 1 Bacillibactin
B HEER dhbA , 25 R F W, W Ak BEBL7T 5 A 40
DNA H1 &7 Bk 8 FhAR IR AR B4k &9 & 1k
FEHA

2.2 MAEZHE BEB17 R FNERERZR AR Y AUIREN

53 R FHBR DT UE 12 F0 LA Jig b 44 12 0F i 1
M9 H1 Landy 3% 77 3 & W 09 N AE il 0 b 28 FL A TR
BEBI17 &AM #4742 BUIR IR AR R 2616 & 9,
ATV VR T AR ARAS HORLER W) CRLEZ P 1 25 2 DL
2% 2) , FH W B W R R 10 mg - mL R R W B
W o N 2 WA R R FR S R 2R A T
SR HBRTTE 42 BN A= 4 7 BEBL7 fiig JIk 2 F1 2R i
FEHLPEW 10 5 0 22 T R I R SLA IR ( XAD-16 ) il
PR PRI 1 5 >R [R5 12 i BRI JOR S R SR 28
FLERY) , 1 ] Landy 3557 3 Je T4 HUAY 222 LG M9
BE IR R BRI £

Fig. 1

The PCR detection of lipopeptide and polyketide compounds synthesis gene
M :Marker Il ;1-8.51fAA, ituC, bmyA, bacA, fenA, dfnA, beas and dhbA of the strain
FZB42;1’° -8’ :srfAA, ituC, bmyA, bacA, fenA, dfnA, beas and dhbA of the strain BEB17.
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Table 2 The amount of lipopeptide and polyketide compounds by different methods and

mediums by endogenous bacteria BEB17

Endogenous Medium Extraction amount of acid Extraction amount of macroporous
bacteria precipitation method/mg resin extraction method/mg
BEB17 M9 92A 62C

Landy 245B 141D

Note.: Values followed by different letters mean significant at 0.01 level.

A 100

1065.42346(R9314,S1000)

1093.45410(R9448,5823)
1079.43591(R9539,572f1)

60 1080.44116(R9705,538D)

1081.42273(RB966

)

7854.6

40 - 1067.43103(R9662,$43p)

1044.51160(RB409,S144) 1082.4
1030.53308(R10605, 1058 51644R4/%,571) o

1054J4F 706(R522:
sty slgmesth ) "

os20re37d $ o) 1109.42725(R9646,5202)

77RO ) 1147|46436(R9861,593)
) 1, 1099384771234 1514) L NB3I7BBRIEBN S21)

1020 1048 1076

1104 1132 1160

Mass/m-z

1481.57214(R10983,5229) 15106

1495.59070(R9439 S1P7)

1467 54492(R10999 135)

1497 5830]1 (RI25p}d66)

1493 $1996(R141BY,S54
b 57507 @{p7 1541 $0327[7 14303

,i. ii " 1449 E34sRALDE <1

1453 53113(R16112
1441.50684(R1348

1409.60718(R8629,5173)

sy 1505 §877(R1202| 559)

1450(R12437,5143) 570.0

1518 60229(R7944,567)

1532.61096(R11403,563)

1SBEITOTRISIBASTY) 4546 61770R12628,561)

ST 154 $ R3PYBIS32) 1538.5045pR21147 S42)  1559.B4868(R15734,522)
' I kel eoar . e 1573 B9BBB(R14324 515

W
1440 1472 1564

1536 1568 1600

Mass/m-z

1071.38538(R11428,5211)
1065.35449(R9254,4184)

1079.37817(R7729,5155)
1081.33997 (R7874,598)

1072.39087 (R8390, S8

1082.32410(R9906,557)

1093,39429(R8645,5260)
253.0

1094.39880(R7688,5158)

1109.36230(R10374,5174)

1095,37061(R7604,5110)

1110.35522(R10140,584)

1096.36243(RB457 561)

1111,36206(R6453,539)
1113.37793(R14118,517)

1060 1074 ’ 1088

1102 1116 1130
Mass/m-z

Fig. 2 MALDI-TOF-MS analysis of lipopeptide compounds by strain BEB17

A:Surfactin; B

2.3 WAEZHE BEB17 BEMAEFMBIE UL SWH

TR

53 SRR B R I R 2R R 25 40 Jo AH 2 ik
1T MALDI-TOF-MS Jii 5317 il LC-MS 437 (] 2
M 3), 45 R WK, W ¥k BEBL7 £ m/z {H R
1 030.53 .1 044.51 A1 1 058.51 AbAE B T U6 (#2) H
PR, IX 3 AN B ARG I T 1 T 1 i ([
2-A);7E m/z {H M 1 453.53 .1 467.54 1 481.57
1 495.59.1 510.61 .1 523.61 il 1 538.58 kb4 &+

:Fengycin ; C: Iturin.

g () HR B, 3 B - W 0 N Tz R Y o
(Kl 2-B); £ m/z fH N 1 065.35,1 070.38 i
1 079. 37404 & U (F%) th B, 31X 3 N8 F I 4 %)
N TR S 2 A R (| 2-C) , iRk BEB17 7£
m/z {60 881.44 LbA B F U (7%) B, X B+
WX 1 T Bacillibactin A5 (] 3-A) ;78 m/z {H
h 583.40 AbA S T () HBR, 3K B T
T Bacillaene A9 i & (K 3-B) 7 m/z {H }559.19
559.47f1560.21 kb F B Tk (7% ) H B, X345
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A 20170910 179 (2998)Cm(153:200)

MS2 ES+4.38¢3 B 100

20170910 317 (5 309)Cm(308:328)

MS2 ES+8.04c3

881.44
90t 90| 583.40
80 80+
70+ 70+
60+ 60}
s0F 50t
40+ 40r-
30+ 30t
201 20f
10L 10}
047858 879 880 88T 862 883 884 V2 0580 58T 582 583 584 585 586 587 58377
20170910 249 (4 170)Cm(133:259) MS2 ES+4.38¢3
559.47
1001
90}
80}
70+
601 560.21
sl 559.19
40
30|
20+
10-
0 1 1 1 | m/z
559 560 561 562

Fig. 3 LC-MS analysis of polyketide compounds by strain BEB17
A ;Bacillibactin ; B ; Bacillaene ; C ; Difficidin.

T XF % T+ Difficidin 79 i &+ (& 3-C) , @ 1t
MALDI-TOF-MS Jit i [#] Fll LC-MS J5iii [5] 53 #r %
W], Bk BEB17 & W & A e R AL & Wiz &+
R ORIMEER MO R R DR &Y
Bacillibactin  Bacillaene # Difficidin,,

2.4 WAELE BEB17 BB AR KN BENRIHIZY
3t Focd B2 &K ayiM& /£ R

PN AR GE R 2F AT B BEB17 I IS FH BB i 2k
RIS B 2299000 JRL R Focd HLAT #5119 - Al
THIAE T, et b 22 400 A A Ak 22 0 e T 1A T 22 1Y)
AR (R 3 MIE 4), S5 RFRW], MRS FR Ak
P Rl B R SRR B ik R N 2R
HTH BEB17 FE K AR BSR4 % Focd 11
TSR ¥5 T BR TTVE 125 5 SR FHAH [R] 7 12 B4 U A 4
Y E [ —WREE5MF T B Landy 53738 & BEaiAs
B D0 Focd B4 i 24 R 2200 T MO K77 3
FoA R FH R AL IR B2 75 BRI Landy 1557 it & %
BEB17 FASHLEEYIXT Focd ROHNTHIME iR , R HBR
DOVER LI MO 1597 5L & ¥ BEB17 Hr i R 4 4 %t
Focd Al 3500 55 55 5 ML $2 M 2Rl 10 pg -
mL™" B X} Focd AR 22 A K FF A M dI/E AT, i 4k

PR N 300 pg - mL B JLF 7] 58 2403l Focd
T 22 MR AT 3k 80.75% 3 75 71 H X Focd
Jo g ZHIER (P>0.05) .

2.5 HNEHE BEB17 BAERKEFn BB E K FHIR Y
3t Focd T HE & By &I1E A

KA R I 5 BEBL7 7= A= (g kS
RIS LY XS Focd M0 & IIHITER . 45
T (K 5 T3 4) , 4 BEB17 5 K 3E i BR BR 2
FLERYIALHL S |, P] 8 25 30H] Foc 117 PDA V-4
YR K& AS R (2,72 10%) i 7 % g
(2.64x10°) TEA T A s Lo & 27 (P>
0.05) , Ui B 7 07K H B XS Focd (451 & G i
FER PR — W AT A R b 5 O
T, 2R HIR LA B il B2 15 S IO A 42 0 % Foed
- A BRI B ok 5 >R ) — 32 8O 1 B O
89, i F Landy 3% 3% 5& A& W% £ B AL 42 9 XF
Focd {881 & MR H B, Bl LA P 1 ¢
W B AU T, X Focd -8 2 B 3041 46 FH A,
TEANWT D 0 5% | JHE HoRL 42 ) B 299K Bl 300 g -
mL SR FH R AL AR A e 12 325 44 S KL 2 4 T At
Focd 1A%
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Table 3 The inhibitory rate of different concentrations of lipopeptide and
polyketide compounds extracts by BEB17 against Foc4

. . . Inhibitory rate/ %
Fermentation medium and extraction method

10 pg-mL™” 50 wgemL" 100 pg-mL" 200 pg-mL" 300 pg-mL™”

Acid precipitation method (M9 medium ) 2.45x+0.61b 5.14%0.61b 12.27£0.61b  17.79+1.22c  41.72+0.61d
Acid precipitation method (Landy medium) 3.25+0.62b 6.38+1.23b 15.43+£0.62b  38.89+0.62b 61.73+1.24c
XAD-16 extraction method (M9 medium) 13.50+£0.61a  25.77+0.6la 40.49+3.07a  65.03£0.61la  74.23+0.01b
XAD-16 extraction method( Landy medium) 17.39£1.86a  28.57+0.62a 39.51+0.62a  67.08+0.62a  80.75%0.62a

Note: Values followed by different letters mean significant at 0.05 level.

CK CK.Z 10 ug-mL’l 50 pg-mL"' 100 ug-mL‘l 200 ug-mL‘l 300 p‘g-mL’l

/’\/’

Acid

//a J 2\
precipitation o
method 3
M9 medium 4
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Fig. 4 The antimicrobial activity of different concentrations of lipopeptide and

polyketide compounds extracts by BEB17 against Foc4
CK, :Blank control (PDA) ;CK, :Solvent control (PDA+ Anhydrous methanol ).
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Fig. 5 The antimicrobial inhibition of different concentrations of lipopeptide and
polyketide compounds extracts by BEB17 on the spore germination counts of Foc4
CK, :Blank control (PDA) ;CK, :Solvent control (PDA+ Anhydrous methanol).
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Table 4 The inhibitory rate of different concentrations of lipopeptide and
polyketide compounds extracts by BEB17 on the spore germination of Foc4

Inhibitory rate/%

Fermentation medium and extraction method

10 pg-mL" 50 wg-mL' 100 pg-mL” 200 pg-mL" 300 wg-mL"
Acid precipitation method (M9 medium) 68.49+3.58d  76.47+2.53d  86.88+4.61d  88.86%1.22d 90.92+4.51c¢
Acid precipitation method ( Landy medium) 84.08x1.62c  88.53x1.23¢c  96.64+2.32c  97.13%x1.57c 97.60x1.24b
XAD-16 extraction method (M9 medium) 88.13+2.57b  96.37+9.54b  97.18+1.07b  98.33+2.23b  100.00+0.00a
XAD-16 extraction method( Landy medium)  88.71x£1.86a 97.27+1.37a  98.32+2.54a  99.17+1.26a  100.00+0.00a

Note: Values followed by different letters mean significant at 0.05 level.
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Fig. 6 The trypan blue staining after the different concentrations of

lipopeptide and polyketide compounds extracts by BEB17 against Foc4
CK, :Blank control (PDA) ;CK, :Solvent control (PDA+ Anhydrous methanol ).
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