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natto Bna05 and to assess antifungal activity of the identified lipopeptides. [Methods] Primers
specific for lipopeptide synthetases were used to amplify DNA fragments from strain Bna05 by PCR.
The amplified DNA fragments were sequenced and analyzed using BLAST against GenBank
database. The antifungal metabolites were obtained from the inhibition zone formed between Bna05
and Aspergillus niger on modified PDA plate and separated by RP-HPLC. Antifungal activity of
fractions separated by RP-HPLC was determined by micro-dilution method and the active molecules
were identified by mass spectrum analysis. [Results] Genes for srf44 and sfp were identified in
strain Bna05. However, genes encoding for ituC, ituD, fenD, fenACE, bymB and bymC were not
detected. Three active fractions F,, F; and F4 were isolated by RP-HPLC. Lipopeptide was not
detected in F,. Two kinds of surfactin variants were identified from F5 and F4: V;-surfactin variants
in F3 and I/L;-surfactin variants in F4. Synergistic effect against Aspergillus niger was observed
when F, was used together with either V;-surfactins or I/L;-surfactins. The best antifungal activity
was obtained when all three fractions were used together. [Conclusion] V;-surfactins and
I/Ls-surfactins were the main lipopeptides secreted by B. subtilis natto Bna05. Synergistic antifungal
effect was found against Aspergillus niger when surfactins were used together with other active
compounds such as F,. The greatest synergistic effect was obtained when both V;-surfactins and
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I/Ls-surfactins were used together with F,.

Keywords: Bacillus subtilis natto, Lipopeptide, Antifungal, Surfactin
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Pringe 1 Fizn . PCR A B 414 I Mora 26
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Table 1 The primers for biosynthetic genes of several antibiotic lipopeptides synthetases

k2R FEH GlkY B4 51975 T 225 3k
Lipopeptide Gene Primer name Primer sequence (5'—3") Product length (bp)  References
Tturin A ituC ITUCF GGCTGCTGCAGATGCTTTAT 423 [23-24]
1TUCR TCGCAGATAATCGCAGTGAG
ituD ITUDF ATGAACAATCTTGCCTTTTTA 1203 [25-26]
ITUDR TTATTTTAAAATCCGCAATT
Fengycin fenD FENDIF TTTGGCAGCAGGAGAAGTTT 964 [27]
FENDIR GCTGTCCGTTCTGCTTTTTC
fenACE FENACEF CCCATCCGACYGTAGAAG 820 [28]
FENACER GTGTAAGCRGCAAGYAGCAC
Surfactin sfp Stp-f ATGAAGATTTACGGAATTTA 675 [28-29]
Sfp-r TTATAAAAGCTCTTCGTACG
srfAA SRFAF TCGGGACAGGAAGACATCAT 201 [23-24]
SRFAR CCACTCAAACGGATAATCCTGA
Bacillomycin bymB BYMBF GAATCCCGTTGTTCTCCAAA 370 [23]
BYMBR GCGGGTATTGAATGCTTGTT
bymC BACCIF GAAGGACACGGCAGAGAGTC 875 [27]
BACCIR CGCTGATGACTGTTCATGCT
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1 Bna05 FEHK7EX R PDA R x4 2 gh B A AIHI
B X3

Figure 1 The inhibition zone formed between strain
Bna05 and A. niger on modified PDA plate
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JRIEREMAZE R, KA Fy AAEE AT
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HREINE] M/Z 2 1 008.65 [Pl Vo-surfactins, 43771
M Ci4-V7-surfactin I Cy3-E;(CH3)-V-surfactin ([ 2).
FE Fa HRHNE] T m/z 535124 1 008.65, 1 022.65 Al
1 036.68 11 3 fill I/L;-surfactin [ ZR&%) (K] 3). FriEE
1) Surfactin [A] RPIAIFNE S 2 BRIP4 LK 3
2.4 LC-MS/MS #&ill4E R

KH LC-MS/MS X HEd Fy 47 T E— 20 ik
. MASCOT w4 REN: F, PEAY
Nattokinase, Subtilisin, Fibrinolytic enzyme %5 ZFl
R S g S 16 UG s e = 0 ST £ RS SR ]
KIYWIIIF 40 3K 4 FralistEYsed, Subtilisin
T H O AT R A — PR A, AT RS
HAE R B A B8 15 7EPY, Serine alkaline
protease X 2l S EL B AT BRI/ T,
Fibrinolytic enzyme L #{IIESE Al BB S HTENGVEA
P, ISR R I INAEAE, P REERRAD Fy KB
BORPUETETER RN o F, RitaE E p o s sl
PUERTETEE . A Fr Tt — B RIBEIE.

2 FRBAEAEEEERE R ERFFRIES4 PCR 1871 F 58 BLAST 4R

Table 2 Blast results of the sequenced products obtained from PCR amplification using specific primers for biosynthetic

genes of lipopeptides synthetases

519 PR E NS NCBI % 5%5 — &k EfH
Primer Product length (bp) Obtained match Accession No. Identities (%) E-value
Sfp-f 675 Sfp [Bacillus subtilis] AEK64474.1 97 le-144
Sfp-r Stp [Bacillus subtilis] ACN67521.1 99 8e—140
Stp [Bacillus subtilis] ACN67523.1 97 2e-134
Stp [Bacillus subtilis] ACN67522.1 98 4e-128
SRFAF 201 Surfactin synthase subunitl [Bacillus] WP _010886402.1 100 3e-25
SRFAR Surfactin synthetase BAA02522.1 100 3e-25
[Bacillus subtilis]
stfAl [Bacillus subtilis) CAA49816.1 100 3e-25
Surfactin family lipopeptide synthetase A SEN92599.1 96 Te-24

[Bacillus subtilis]
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Figure 3 MS? spectrum of I/L;-su
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. A: Ci-l/Lo-surfactin (9 Z 5% E; B: Ci3-Ei(CHa)-I/Ls-surfactin [ Z 5% K ; C: Cy4-Ei(CHs)-I/Lo-surfactin [ —- 2% JFi A
Note: A: MS? spectrum of C,3-1/Ls-surfactin; B: MS? spectrum of C3-E;(CHzs)-1/Ls-surfactin; C: MS? spectrum of C4-E;(CHs)-1/Ls-surfactin.

% 3 Bna05 FE k= Surfactin [E1 &%)

Table 3 The identified surfactin variants se

creted by strain Bna05

e b 4ty RIETEMER
[M+H]" (m/z) Structure Surfactins

1 008.65 CH;-(CHy),¢-CH-CH,-CO-E; -I/Ly-1/L3-V,-Ds-I/L¢ 'Y7 C14-V7-surfactin
O

1 008.65 CH3'(CH2)9'?H'CH2'CO'E1(CH3)'I/ Ly-I/L3-V4-Ds-I/Lg 'Y7 Ci3-E(CHj3)-V7-surfactin
O

1 008.65 CH3-(CH,)o-GH-CH,-CO-E-I/L5-I/L3-V,-Ds-I/Lg 'I|/L7 C3-1/L;-surfactin
O

1 022.65 CH;~(CH,)g-GH-CH,-CO-E (CH;)-I/L,-1/L3-V,-Ds-ULg -IL; C13-E1(CH3)-I/L-surfactin
(0]

1 036.68 C14-E(CHj3)-I/L;-surfactin

CH3~(CHy)19-GH-CHy-CO-E, (CHs)-UL,-ULs-V,-Ds-ULg -IL
0
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&4 LC-MS/MS il B g9#Em F, PRI g SMBEMA XHNEAR

Table 4 The antifungal activity related proteins identified by LC-MS/MS in sample F,

HAAK oy T

Uniprot %535

Mascot 4){H 5 55 R IR EY)

Protein name Uniprot accession No. Mass (Da)  Mascot score Sequence coverage (%) Origin organism
Subtilisin Q7WVA6 39 547 271 29 Bacillus subtilis
Fibrinolytic enzyme A4USBI1 37 115 220 32 Bacillus subtilis
Thermostable serine L8AEF2 39 479 258 26 Bacillus subtilis
alkaline protease BEST7613

25 FEMERS ERMEHEER

¥ Fa. Fy. BaSIRENTEPARBUE XS i &
HZAEFETEMNETEREL 3:1:1), #1774
4, FuFs. FoF BT IR 3:1, FyFy BT H
M 1:1e N T HEHAE Surfactins M ANTHIHIL T,
PiZE Surfactins A2 PR RIBTE & A LR L,
Bl FoFaFy BILLIIE S 3:0.5:0.5, Frilifs
A MICso [N 5 PR, W 5 AL, FuFs,
F2:Fy. FoF3:Fy =AW MICs (S EN4 HRY
MICso #EE, FEARIREEITE 50% L b J5 250
Hi(P<0.05)2], FyFs 5 FyFy 9 MICs {EL27 ]2 5
AR, FoFyFy ) MICso (795 Fa:F3 A1 FyFy 19
MICso ARG, ¥ BEMFEIL. ¥l Vo-surfactins
Y Fy. VLg-surfactins 15 Fy ZIAI#8A —E HIPE
[FVEF, M2 Surfactins H:[RIFEAERS REA REIMR
HBr & UrEIE ] o F:F4 205 1Y MICso fEICH 22 1k,
BB Surfactins 2 [RITCHRMFAIFE
3

AT TR DU B K 2 A0 O3 B R R LUK
B S WOR JEORE, SRR DS E  AR

=5

FEESBEMEST BHEN MICs &
Table 5 The MICs, of different combinations of the
active fractions against 4. niger

MICs

HE 1

Com])ﬁinii;tions Ratil;tgijl/m) c( (tlng (ig];;zitt(i)ézrlll)
F,:F; 3:1 10.242.1
Fy:F4 3:1 11.1£3.5
F3:F4 1:1 >100
Fy:F3:F4 3:0.5:0.5 8.9+2.7

[DEAISR R {UR S R4 R 7 U N e - A R E-~L 7))
Mo, IR RITEY th KRR 2k
Yimz, AFITFRERRAY 73 B alifl. . AHSE R IR R
DB, BRORIE 7 FE G & A R BT e
L7/} D AR i S ST 11 Y o o N e R AW
PRI T, AR TR AL S B B RSO S E

FFEEMEEREN], Bna05 WHRSH srfdA
1 sfp FEA, PEHRSE Surfactin & B TAS AT HDAY
Forh srfdA 2 srfd BT PSS IEIN Z — . srf4
PR\ 7l W TR N A KO B e 8K T
ComA-ComP & & Wt 1ER R I, coma R
2% B —Fh S AN 5 S & SR AT SR SRR DY, 3
7 ) ComA T M52 25 F1HE ComP 1E T BUBEIR
FEVETT . BERRILJG ) ComA i8S ComP JE W E &4
FEAE R IE T K455 3 srfd #RF F, il
Hs R s s BT R RI A 2 1 g sk
R WG FEE AN SRRV B g R4 070 S
AR R, s BT S — A
AT ComP ¥y KA, WikEFRIH R S WA
s, Sxb R HIER s RO T s
B F T 4 kb Ab5 Surfactin & A1 55— 3%
BTV B G A W 1R 92 T B L 2 e L s RS il
(Phosphopantetheinyl transferase), %M G2 5
Surfactin & MM ZHEE S A, FW%T Surfactin
A& A B R L

£ Uniprot 1 NCBI ${t4f 2 Hox 40 & 24T A 1Y
ZANWIbk, U0 BEST195 MRS Y2 1115 e B 5L S
P TR R 5 R R T X BB AR L H 5 Surfactin
AR KA DCHE ], Ak 2R F| Tturin, Fengycin
BB XU RS Surfactin TANRES L
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Iturin A1 Fengycin F-A~J& Bna05 BRI A F50E, 1R
A e 2 BN S 2 HOAT T A R B R [RTRAAE

5HTHNRIK Tturin F1 Fengycin AHE, Surfactin 7%
S IUTRE 38 3055 , (0B BB Tturin , Enrofloxacin
5 Z PR 6 PR T — R B R 1 B [R) AR
M X GARTS R Fy. Fo 395 B (1D
PHFIVERI A 2 —207) . Surfactin IS4
TE, REZ S5EA. BREZFMY LS.
Maget-Dana 252 7ERF5Y. Surfactin 5 Tturin PHEIVE T
KB, Tturin GE45E %) Surfactin FE AR TR I,
FHAE B Surfactin MGRAGFRATE M, I LI ZE 54
i BRI AR . A Surfactin
Fy PHEWE AL SR IR AN, {2 Surfactin A4F:
IE T ERES F PTG 45 S, NI sRET
FEVER N SE WA AR, s S i
AN, X A]RER: Surfactin 5 F, Z[A]HHERN
B— N EZEER , &F Vo-surfactin A1 I/L,-surfactin |7
AR AT 35 Surfacin HUaEMRIERIIRIA, 7THE
5 Vi-surfactin AHXF R SR KM KA FAEAK A H 1)
YR, FURIRRA RetE— 2 R AT

Surfactin 5 HEHUR L A B RIVE R REREAL 2
YIRS PRV B, SR I R AT I e 24P )
L, BABKMRME. BT, T Surfactin 3
[T 5T 202 LAH WA 1/Ls-surfactin At
FEXTS, TMHT Vo-surfactin K2 Surfactin FL[F7F
TEN 5 BT 25 Y P FE ] B ER A WA SCHk
Wi, ARUFFEEM Vo-surfactin B4 5 1/L;-surfactin
AR P RIPTRR S 1, ELZE Surfacting H:[EAEAERT
AEMGSR Surfactin AYPHRIHTEAEH] . XXFT Surfactin
TEPTE 25 A B e s

2 % x #
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