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B, 2RRAAY FAERLREE. 2K, RO, LT R, Fgith. B8, Rk, F
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X IR A B I Bz (macrolactin) H. & & 7 1 % (surfactin). #F i & #% (bacillomycin) D. /£ ¥ % (fengycin).
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Abstract: [Background] Food-borne pathogens are easy to grow and reproduce in food and
have high pathogenicity, posing critical threats to food safety and public health. [Objective] To
analyze the antimicrobial stability of Bacillus velezensis PJP10 from multiple perspectives,
discover the genes encoding antimicrobial enzymes and involved in the biosynthesis of
antimicrobial substances by genome sequencing, and measure the in vitro activities of enzymes
and active metabolites, so as to provide data for the application of this strain in industry and
agriculture. [Methods] The microbial inhibition tests were carried out to examine the effects of
pH, temperature, protease, metal ions, ultraviolet (UV), and salt concentration on the
antimicrobial stability of the strain. The potential genes encoding antimicrobial enzymes of
PJP10 were investigated by whole genome sequencing and the enzyme-producing abilities
assessed by enzyme activity assays. The secondary metabolites of PJP10 were predicted by
antiSMASH. HPLC and microbial inhibition tests were employed to analyze the components of
the crude extract obtained by the acid precipitation and ethyl acetate extraction. [Results] The
cell-free fermentation supernatant exhibited excellent stability at high temperatures, strong acid,
strong alkali, high salt and UV, and was sensitive to trypsin and metal ions, but not proteinase K
or pepsin. The genome of PJP10 carried abundant genes encoding amylase, aminopeptidase,
protease, chitinase, cellulase, esterase, pectinase, glucanase, and amidase, and the strain could
produce protease, amylase, cellulase, and esterase. The antiSMASH predicted that strain PJP10
had a variety of gene clusters for the synthesis of secondary metabolites, including bacillaene,
difficidin, macrolactin H, surfactin, bacillomycin D, fengycin, bacilysin, bacillibactin,
amylocyclicin, and plantazolicin. In addition, the extract obtained by acidification exhibited
strong inhibitory activities against Salmonella enteritidis and Escherichia coli but no activity
against Ralstonia solanacearum. The ethyl acetate extract showed strong inhibitory effects on
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Staphylococcus aureus and R. solanacearum and weak inhibitory effects on S enteritidis and E.
coli. According to HPLC results, we hypothesized that the antimicrobial substances in the
cell-free supernatant of PJP10 were iturin, fengycin, and surfactin. [Conclusion] The strain
PJP10 shows high antimicrobial stability and carries rich genes encoding active enzyme and
abundant gene clusters for the synthesis of antimicrobial substances, demonstrating a promising
prospect of application in industry and agriculture.

Keywords: Bacillus velezensis; antimicrobial activity; stability; whole genome sequencing;

antimicrobial metabolites
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ZWBE A DUAE R W YR SRS
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Pulk, YERAERRFITFAEAE R, dg b w
W5 57 D3I 2R f AT o 2 IR v Bom i B
R HIAMHIVE R, Zhang ZEMM K P11 FEv4 X 3]
o3 A 2N DS B 2 A 14 (B, velezensis) CB6

XTE IR T R B TSI RAVE A BB g A
—FPHUR A T ATP-1, HO2— e B Alhe A
W25, I Bz e S TE YRGS ™ W & it
R AR . Nam 28U+ 3ERE S 0 s
IRAG DL ST 2E #0FT 1 (B. velezensis ) NST6 Xif
TR TR 4 00 g R TR H AR TR 2L S PLTE I OF
U E F] Cl5-bacillomycin D S 1% H 45 P14 75 (04
EERE R FEAAY . RTERFEDN AR K
Vi 3 £ vl b A A 3 1Y DL SR T 2 AR AT 1 (B
velezensis) SW5 X 4 B (0,55 %) PR 1A 55 Z FP & b
b H UL I TR A A RE ), RAT IR A] BT i
(time of flight mass spectrometry, TOF-MS)Z#7 %
B, R R D S A I TR A B R S
PER . IIREH A, 2RI RRRER
MMk A, USESHERREIAERBEE T .
ARSI 5 i AR R v g3 B M E Y — Bk
DI SEW 25 #14F 4 (B. velezensis) PIP10, {EAE 1S
I A, % P R 4 B B A AT ER TR (S aureus)
ATCC 25923 . M % U0 I'] IC & (Salmonella
enteritidis) ATCC BAA708 &7 i 9k i (Mibrio
parahaemolyticus) ATCC 17802 5 5 M B
T T W PR AR AT AR B SR
k2L DL S TR DL SENT ZEJ AT R (B, velezensis)
PIJP10 SABFEXT G, A3 0 Y 300 T 45
A EERE (S aureus) IR TE MERSE M, FFXT
HHEAT A B 55 43, F000 7 il B 5
FRRHE YA TS UE . SR antiSMASH 7R
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PG R T O 90 2 R DR,
L T N 2 TR 2 RS 26 4 RS (L
MR ISE bR PIP1O 72k H ML e 1
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P

1.1 #8
1.1.1 Ek

D1 S 2F 04T i (Bacillus velezensis) PJP10
NAS R = Sy B AR

K #F i (Escherichia coli) ATCC 35218, i
& ¥ 17 K B (Salmonella enteritidis) ATCC
BAA708 . 4 #t {8 % % K I (Saphylococcus
aureus) ATCC 25923 13 #l 7 # 7 (Ralstonia
solanacearum) QK2013 A SE46 28 R A7 KR o
1.1.2 EHHE

LB} d(g/L): HEEH 10.0, BEEEE 5.0,
NaCl10.0, [{AEEFREEST N 20.0 Bk

B B 2 B 3R 3 (g/L) . AR WM 5.0, B
B85 20.0, pH 7.0,

VER BN A B SR (g/L) . BEREE 5.0,
 10.0, NaCl10.0, Byifg# 20.0, pH 7.0, fimA
20.0 ATIAEMETERS o

R E TR A (g/L): PR 2.0, R
5.0, K,HPO, 0.5, MgS0,-7H,0 0.3, Fifig ks 20.0,
pH 7.2,

LR UER TN E R SR (/L) HAMK 1.00,
R B MEZR AN 1.00, BEREE 0.50, NaCl1.00,
MgSO,-7H,0 0.02, KH,PO, 0.10, BiIEHr 20.00,
pH HR,

JUT Joa g ) o 8% 57 KR (g/L) . AR LT
15.00, EEEERY 3.00, (NH4),SO4 1.00, KH,PO,
1.36, MgS0,-7H,0 0.30, EifE#; 20.00, pH 7.0,

AR 2 15 7R 2 g/L) . AR 20.0,
NaNO; 3.0, K,HPO, 1.0, MgS0,-7H,0 0.5, FeSO,

0.1, FUIEHF 20.0, pH 7.0,

fi Bt ) 5 B 37 HEU%e/L) . NHNO; 1.0,
KH,PO, 0.5, K,HPO, 1.5, MgSO,-7H,0 0.2, NaCl
1.0, BUIEHY 20.0, pH 7.0, i FHRETUSINZWE K
0.5 mmol/L f2FZK —H IR T < g .
1.1.3  FERFIFNEE

B, BEREE . RAUR IR 4E R,
A TAY TR R A RAF; SR HR T
RERAVERGE, B TR A BRAE]; B
MR TR, RHEH A KA R A

B RV, BlEEEEERA A 70Uk
NZERK R, PRS0 A RA W Y74
I ek R kAR, R AEAER T AR
TSI, Waters BHEARAH .

1.2 7%
1.2.1 EFINEE MR E

RRE A . 5597 5 O R B A R S B
—80 °C Uk AT 1y D1 35 Hi 2F 74 ¥ 5 (B.  velezensis)
PIP10, PRIk ZE LB BEARFEHL, 37 °CHi3%
LR . BUS LIPS RV R 2 50 mL
LB AR5, 37 °C, 180 r/min 5535 36 h, T
4°C .10 000 r/min &5.0> 10 min, i 0.22 pm
VB L URAE R T K BRI, 4 °CIRAFTF .

FTFLIEME MR TEYE . IS o A ER N
FE/RH, 37°C, 180 v/min B354, 1ENTERE
PTG 7R B AT IRRG B S 1x10° CFU/mL,
B S0 uL #5704 LB [ERRE SR, BT 5 4T4L
(L2 9.00 mm), AL HIIMA 100 uL £
ANFE LA PR R AR PIP10 AOJCTH K IR, LA
100 pL REAFATEE PIP10 A JC TR & W R
FAPEXTRE, 403 3 kEES, 37 °CHESE 24 h
e D 40 R P 1 DR DN SRS [ SR A A P TR R
PIP10 JC I & IR F AR XTI R %

AH G T 28 (%) =4k B ZH 100 1 JBl B AR/ %) B2
PR P B A2 %100,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Eimsh F | DGR REATE PIP10 BNE YRR E 1 R OE MRS =121 939

1.2.2 HIEYIREE N E

memska e e, B 10 mL Hkk PIP10 AT
B R, 1 1 mol/L HC1 Fl NaOH ¥ JC I & 8%
T pH {EA4 82 3.0, 5.0, 9.0 FIl 11.0, 4b#
1h 5 pHAERIEZE 7.0, LIRS BR CHE K
TRV R R B, 05 AN ] pHL (AR 3RS T T R TR
SOE IR

PR EPEIS, % 10 mL BEkE PIP10 (G
REEW ST AE T 30, 50, 65, 85 Fil 100 °C/K¥%
FAbFE 30 min, S S5 G E T koK % H)
5 min, PAARZIANIEE TCH A TR X R,
S 22N TR) ek Ak B I TR R TR P 4T R T 12

FE AR EE: B 1 mL Rk PIP10 19
TR TRV 3 i I 18 8 1 VS VR TR 8, 11 Tl I VA
I B K AW, B2l 2 pg/mL, BT
37 °CKIEHALFE 6 h, SRJGTE 80 °CoKAH AbHE
30 min, PKIGRFA, DAATINER ARG JC T K T
Ry Xof B 0 28 AN [ 2 1 il A PR I TR R TRV 1)
PUGEIE M

4@ s RaEYE : B 1 mL Rk PIP10 FOTCHE
KRR HIMA Cu® (CuSOy). K™ (KCl). Mn*
(MnCL)&: J&@ B T35, ZREH S umol/L, AbFR
2 h, DIARINSE S FRTCRE & B XTI, e
ANTR) 4 I B A PR JC P R A i TE AR 1

SEOMRIREE : 3 M 10 mL T4k PJP10
M R BERET 9 cm MOBRIFILN, B
30 W 25T 30 em &b, 4300 BRES 30, 60, 120
1240 s, DAARZERAMR BGTI TO TR & A W
HE W 2 58 AN BRUSREAS (] B ] Ak BB TG 1 T
TR O TR

R ERRENE : 43 BII 5 mL Ak PIP10 (1Y
TCHE KR, AL IE ] 2% . 4%, 6%. 8%
1 10%M9 NaCl, 5 H LB i 35 52 5 4h 2 10 mL,
[ i 441 45 A [7) 5 v J32 14 LB YRR 5 35 A B P o)
B, AbBE 3.5 h, DIRZALFR M) JCTE & TR A B

PR R, 0 7 e 8 XoF JIC TR A IR AR T ¥ A
S
1.2.3  Etk PIP10 2 EF BN F

MALB [ AEs I PRI PIP10 AR 75 5%
FE2 100 mL LB #3726, T 37 °C 180 r/min
B3R %, 4°C. 10 000 r/min B.L> 10 min J5 77
i AR 2 A B A YRR A BR A wl
#7 3 f{ NanoPore i i Il |7

K Prodial v2.6.3 #AFFIN GG BEL, R
FH tRNAscan-SE v2.0 # {41l tRNA K, >k H
RNAmmer v1.2 #PFHU RNA &K, R
Infernal v1.1.3 Z {44 % Rfam (http:/rfam.xfam.
org/)ECHE X oAl neRNA AT HN, 4351 FH
Minced v0.3.0 2K {4F 1 Islander v 1.2 /47 1L 14
¥ 7% 8] B 6 (|1 SC & ¥ 4 (clustered  regularly
interspaced short palindromic repeats, CRISPR)Fl
LN, R Circos v0.69 B2 i 1L K 4H FE A
1.2.4 FEEETUNSIEIE

PRI AL H w25 11, H InterProScan
v5.25-64.0 BPFREATIHERE, $2H TIGRFAMS 15.0
(http://tigrfams.jcvi.org/cgi-bin/index.cgi) . Pfam
31.0 (https://pfam.xfam.org/)A1 GO (gene ontolog,
http://geneontology.org/) & e i IE 5 2. 5 FIH
KEGG (Kyoto encyclopedia of genes and
RefSeq

COG

(clusters of orthologous groups of proteins,
https://www.ncbi.nlm.nih.gov/COG/) 5 #i& /& X} 4w

AR BEA T DI RE TR, TN BT bR PIP10 LA I
ARG, 2NN, EANE. JLT R,
LPYERNE . WG . ARG | RO B e 1Y
FNEEN

PRHBUEALAF ) PIP1O B4 530 s 45 3 8K 1
Wity VEMIEG . RMCHE . LFAERW . LT G
HRWHME FINRREN E B 770k |, 37 °CHEJR 48 h,

genomes, https:// www.kegg.jp/kegg/) .

(https://www.ncbi.nlm.nih.gov/refseq/) I
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A 3 WK, BRI E R R TR R R R e
A 7 W R 7 2R 5 TR Hh TR B 1Y) 3 A Tl I %
FREE IO, WS VR R R A A 3
Rl E R M TR BRE A £F 2 R AL T 5l I K
FRILPEA 0.5%M IR Y RE, Yett 50 min J5
B GLRE, TA 5% NaClVEW , 3523 1 h 513
WS EE TR A TCiE R
1.2.5 SEMAE 70N & HPLC #1#R

F ] antiSMASH v6.1.1 (https://antismash.
secondarymetabolites.org)#F 47 JL K 7243 #7
IR TR PIP10 A5 PEAC S =40 & L %

MR UTTE AR BUN Y 0 . 22 X% P
SO IR Sl . B 200 mL JGR &
6 mol/L Eh R pHIE % 2.0, # & 1%, T4 °C.
10 000 r/min 20> 10 min J5 &2 FIEHK, BU0E
FH I B i, SR

LR R ZEBUGL RGN R W) it : 75 22 525
PR I PR Bl . DL/ 2R A JE
2R 2. FigHs 200 mL JCHR K TR 2 IR A I, 4
BURA HUAIREE R, T 40 CCRYTER 8 AP BR
OB, FIATIVEH B, IR,

PGS 3T < SR AT FLIEAI 2 FioA [R] 42
BT AR B T 4 FhASTR] 6 7R 18 (4 B
RAERE . VTIIREE . R R ISR Al )
AR, FEAALNZT A 100 pL HEER %
Y1, UL 100 pL FEERSHCABAPERT R, B 4ab 3
3RHESL, 37 °CHiFE 24 h 5 IR HAZ .

R AE SR K 2 Rk
ERFN M A AR 43 0.22 pum BB 2 B 2
JoT, 38 A SRR L SR I R T, R RO
AT SO . A5 Alltima C18, 5 pum,
250 mmx4.6 mm, JishHH A: 1%L, fishH B:
N, K 230 nm, i 1 mL/min, PEAE
i 10 uL, A 30 °C.
1.2.6 BB

RIGKR ] SPSS 25.0 #AFHEI TS

Mr, REEE SRR EREE RN, BAR
B3 AT, IR EE 3 K. [ SigmaPlot 14.0
F1 Origin 2022 FAFAEE 73 H7 -

2 BER54

2.1 ik PIP10 B A B RHIEIRAIFRE
2.1.1 ERWFREM

WK 1A Fin, pH 9.0 BRI X1 R 2 55 Ky
101.23%. pH 5.0 B, FIXHIEZER 92.59%,
TETERG AR SRR AR B A M R T
a3, pH 3.0 Fl pH 11.0 B, FIXHIERE N
81.48%, {HATHSRIEFRAE 80%L) L, BERH A BER Ay
PUBR IO i B AR B ELAT A B 32 o
2.1.2 HRIBEM

30, 50. 65 Fl 85 cCHLLHEX IRk PIP10 G
PRI R TRV P AT AT 36 1 TG S s i LR T e
100 °CHY, MIEEWEHEE TEZE 72% (& 1B),
ULEH B BE PIP10 TG A & I Y 1 9100 18 90 ok 7
30-85 °CHA RAFmy AR E M, BEIETT 52 100 °C
i, 100 °C I A B S R G4 B T PR RR AR
70%LA .o
213 EAMREMN

ik PIP10 JCH AR A I K b3S
BRI BRT 6 R A2 52 , 20 B 2R (AL FLUS P B
TEPTERSAE TR, AHXHIE R 96.70%, L&
1 il Ak FER 400 R T R I S AR X R 3 R
73.63% (& 1C), Ut JC A & B 30 i 4 i
Xof JREE I ARURR , XTI KA B A
S HEM R PR PIP1O A4 B ) o0 M3 57 A7 AE i
A BHEIRIX, AT REAL & R 2RSS T
214 HIMNKFEEM

WK 1D iR, Htk PIP10 JOH kK B 4%
SN IR AN BRIS , FLPITR R M2 B, Zead
30 W AR 30 s, HAHXIIEEFEE
92.75%, {H & HE - RE G psf [ ok A1 B 6 1 O G
WE, BREF 60, 120 F1 240 s )5 I AT
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P IL- A & A AR, ARSI 2R 551 91.30% .
92.75%F1 91.30%, FHXTHN A R IILREFLE 90% L)
b, IR DL RE PIPLO T A HA R Ig-HY

AR PIPLO JOEA & IR Ao 10 B U6 M 38 kI
L AR R A 89.77% . 82.95% Al
69.32%, For M X B 5 1 A 30 3 4 FH s

Lh et 2.1.6 EIKERREM
215 SEEFAEH El1F Bon T 48 SR vk B X R Bk PIP10 JCTA

B IE BR&EEF Cu® KH M® X T RFRRIMEE A B, HhikiEite s

= Inhibition zone diameters
—e— Relative inhibition rate

A B
= A E\ AN
~_§ 207 :g =S 2.0 60 %
2 15: 2 g 15 2
N 40 = N 40 E
s 107 i g 10 >
S 20 = -2 20 2
£ 0.5} = = 0.5 =
o S =] o
£ 0.0 0o 2 < 0.0 0
= CK 3.0 50 9.0 110 = CK 30 50 65 85 10

pH Temperature (°C)

C_ D __
E 3.5 —~ £ 35 ~
87 a3 a s & 771 o ['100 £
) [ ) Q =]
§ 1.5 40 = § 1.5 40 ,:E
= 1.0F © g 10 g
S 20 .z 2 20 2
£ 05¢ = £ 05 g
2 0 = 'E 0 ©
< 0.0 0.0 e
E RS % = CK 30 60 120 240

0,&5 27 y® )
?‘0& Protease UV time (s)

E F
E 3.5 ~ E 35 -
S 2 ° S S
% 30F b 100 & = a0l T 100 £
g 19 40 £ £ 19 a0 E
= 10 ; = 10 [5)
S 20 .2 2 20 2
£ 05 £ 205 E
< 0.0 0 < 0.0 0
S CK Cu* K' Mn* =

Concentration of NaCl (%)

M A: pH.B: . C: HHM. D:

Metal ion

1 AEIFH T IGRHTZFETE PIP10 TE % ERHVINERE

BHMLLE: BRET.F: FRE. AR/NEFEERIRTE P<0.05 K V-5 8%
Figure 1 Antimicrobial stability of Bacillus velezensis PJP10 cell-free fermentation supernatant under

different conditions. A: pH. B: Temperature. C: Protease. D: UV light. E: Metal ion. F: NaCl. Different
lowercase letters indicate significant difference at P<0.05 level.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



942 A

FIER

Microbiol. China

2% 4%, AHXTHI R 2531 93.67%F11 86.08%.
{HRAREAR R R 6% 8% 10%, AN
EIETETC R E AR, H1h 78.48% . 77.22%F
74.68%, XKUY TR IR PIP10 RS MY
JEANZ AR R, AT B AR B R I o
2.2 E#k PIP10 £ EFE B SR

Sy e — A B AR PIP10 B HLE, ASHT
SO HA SR A TIE, PoIE FfE % NCBI
(GenBank &5t 54 CP117059), il FE45 1 /s
¥k PIP10 &5 —24% 4 108 273 bp K/NRIZL A,
ANGRRL, Hp GHC FEH 46.21%. Ykt
% 4 026 4wt F 4 (coding sequence, CDS), &
KB LK Y 88.63%. A 87 1 tRNA,

27 4~ rRNA(G:H 9 4~ 58 rRNA. 9 4™ 16S rRNA
19 4~ 23S rRNA). &Z¥ 2 4~ CRISPRs, &
3058 bp (&l 2)
2.3 FEERERTUNSEIESER

D1 SRS 25 A T A) 7 A Z2 0 EA BT T
HYE MY BT, PN JLT 5 R R
WERESE , P LARE AR o LT A 20 A RE DA T i 44
FEPUWR IR B A ME P B RSP
KA B A B Y DL 28 A 1 (B, velezensis)
DHS2, &P b3 Wi 2o i R B UL Ve ARAHHH AR
FERI) , X4 v (075 2 BR TR 55 2 P Dt T L
B S ARV A o A RR PIP10 &R 21 40 2 JE Wy
Bty . ZAIKEE . . JLT . F4ERE . e

Bacillus velezensis PIJP10

4108 273 bp

TIG00001

&2 Btk PIP10 EEEBE AN NRKIK GRS (I SCA%E) . gt LR (7 CA%) . tRNA (F% () Fl
rRNA (%8), CRISPR (#5t0) ML (&), G+C . G+C-skew FIMFIRE

Figure 2 Circular genome map of strain PJP10. From outer to inner: Forward strand gene, reverse strand gene,
tRNA (orange) and rRNA (purple), CRISPR (blue) and gene island (green), G+C content, G+C-skew,

sequencing depth, respectively.
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Tifg . SRR . A SR AR TR M il 4 L IR (R
1), BPUHEAFE ARG RN, B
A ST ILHEBUEE I B BTV T o Sk
R R R PIPLO 19 7™ & P, 45 S 7R 1A Ak
PIJP10 BERSFE 26 FIBE(E 3A) ., JEREE(E 3B). £F
YK MH(E 3C)MARAK IR T-FAEREE (R 3D)
ERFRIE PARKIF A B, EILT B R
JI52 T 7R ] R M A 10 000 2 s 3R R | e A AEUARN 7
AR, R ERR PIP10 fEGE T A= K G . T
Wil . SFAEREGAEREG, (DRI R . A5
RVEREAULT SRSk o bl 2P AR B+
53 B3 DS 2F fAT 1 (B. velezensis) SF327,

KN GO At six b B E A & A LT i
g AT 4 R W i S N, (R AR AT JLT e fl A
£ Y RGP o RV 3 DR 2 Y0 R S e B 4

=1 Ek PIP10 EFEEH D LB R EEH

TAFAEZESE, (HEPE PIP10 BEGE =2k 5 RIBESS
PEISL, ORI AT RS RSO 2 T
2.4 SEMKEATNS HPLC M E /L%
Roth
2.4.1 SEMRBEHTUN

1) antiSMASH 7EZ il #1 NCBI BLAST
FEXF AT, & BB R PIP10 48 K20 A4 5 R
A Bl B. velezensis FZB42! G #4141
PR B R IR SR R B AR 8 AR AZ b
WA BRI G, b 3 Fh R B A
Y1, 450k FF B & (bacillaene) . H1AE7H T
(difficidin) I KIF A BEHE H (macrolactin H),
3 R E IR SEAL S, 43 0 ok 3RS R
(surfactin), FF 5% & (bacillomycin) D FlyZ #i 2
(fengycin), 1 F ZBRIEAT I & (bacilysin) Fil 1 Fif

Table 1 Several enzymes gene of the strain PJP10

Gene ID Gene name Gene size (bp) Enzyme Enzyme activity
BAM2021_00322 AmyA 1980 Alpha-amylase +
BAM2021 00511 MenH 804 Aminopeptidase /
BAM2021_03877 FlgD 2412 Serine protease +
BAM2021_ 03327 csn 837 Chitosanase -
BAM2021 01880 BglC 1500 Endoglucanase +
BAM2021 03442 yvaK 741 Carboxylesterase +
BAM2021 03977 PelB 1 065 Pectate lyase -
BAM2021 03960 BglS 732 Glucanase -
BAM2021_00187 cwiD 714 Amidase /

+r BHPE; - B /0 RAGI

+: Positive; —: Negative; /: No detection.

3 EFRPIP10 BEIEMERTRE A HOAM B: WEME. C: 46K D: Bl
Figure 3 Enzyme activity results of strain PJP10. A: Protease. B: Amylase. C: Cellulase. D: Esterase.
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ILZS Rk ER A (bacillibactin) ; #8545 2 Rz
WA BN AT, 500 R B AR VE R 2 fl AT
T4 % (amylocyclicin) FIAH ¥4 55 % (plantazolicin) .

b, 8435 5 Bacillus subtilis F1 Paenibacillus sp.
IERH N1 AW plipastatin, mycosubtilin
iturin, bacillibactin, paenilarvins, paenibacterin F/l
paenibactin 5 [FJIEA& LA, LA EAEL S
Yyl surfactin Fl plantazolicin FY & i¥ 3 K % 5
Bacillus velezensis FZB42 [ AH LI Ky 78%F1 91%,

iturin M4 BIE RS Bacillus subtilis BOARALITE R
88%, paenibacterin & il FEK 7% 5 Paenibacillus sp.
OSY-SE (KA K 60%5h , HA ML &4
BIE DR 5 HO) S DR 2 AR R 100% (8
2). WEHEAE A AR BN, Rtk PIP10
FERA P E KENMEA G Y6 BEER R, X
YR FNIT B EAA ) IS RIS, SETEhZ Rk
IS LS A —2L, T4 Ui RfR PIP10
P RESE L) X LA AL A ) A A A P BE

*2 DURHTEFaAMTE PIP10 EEEh TN EREE L E S A EMR

Table 2 Gene clusters predicted in the genome of strain PJP10 and the biosynthetic antimicrobial substance

MIBiG Gene cluster Strain Similarity Substance Structure
accession (%)
number
BGC0000433 ®SHO«« e e (DMBc | us velezensis 78 Surfactin
FZB42
BGC0000569 ~EOCEDESED(  EDEEEEESCOCOED 91 Plantazolicin  —
BGC000018] I S S D D 100 Macrolactin H
BGC0001089 MO bH S 0 (D S—"— 100 Bacillaene
BGC0001095 — ¢HeERCEEmEEDEmmEIId 100 Fengycin
BGCO001090 ~EEmETEEEmam——ul 100 Bacillomycin
D
BGC0000176 < S S S S 100 Difficidin
BGC0000616 &34 100 Amylocyclicin —
BGC0001185 — NG EES 100 Bacillibactin
BGCO0001134 ~ESEEmecoes 100 Bacilysin
BGC0000407 ‘OERCEEmEEmEmmcI«e Bacillus subtilis subsp. 100 Plipastatin
subtilis
BGC0001103 &G Bacillus subtilis subsp. 100 Mycosubtilin
spizizenii ATCC 6633
BGC000109g NG G—"C Bacillus subtilis 88 Tturin
BGC0000309 ~—SrEEEESCESET Bacillus subtilis subsp. 100 Bacillibactin
subtilis str. 168
BGC0000402 ~ s cTmmmmemmmmm Paenibacilluslarvae 100 Pacnilarvins -
subsp. larvae DSM
25430
BGC0000400 —XEEmEEmmmmmmmEmm———  paenibacillus sp. 60 Paenibacterin
OSY-SE
BGC000040] RGOS Paenibacillus elgii 100 Paenibactin  —
B69

- RHEEMFEE
—: No structure information available.
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2.4.2 SEMAE~HY HPLC SR 0
ZEAUFT TR REAS P Ak Z AP P W BN AR

b B b AU, e g RS B LA 4 s St 2
WA B S 2 RGN, 2 B IR R,
AR, BRULTERLIZE Y KIGFF B (E. coli)
ATCC 35218, I TIK® (S enteritidis) ATCC
BAA708 Fi14: ¥ {4, 74 % BR i (S aureus) ATCC
25923 BA AP MFEHUBCR | HA s KIG AT (E.
coliy ATCC 35218 FV> 1K E (S enteritidis)
ATCC BAA708 IR RCR i i, TR AR
i #i (R solanacearum) QK2013 L E R, Z
iz CBEAHARPIXT 4 B8R A TR RCR , Hrp
%o} 4x v, A BRI (S, aureus) ATCC 25923 (141
AR o B, X 5P as R 2
Mg BRHE I X 4 v (0 R 49 3K I (S, aureus) PJ-1
HA AT 0BG A — 8 XS R (R
solanacearum) QK2013 (14 B &5 A 55 T & 7
JE, TR (E. coli ) ATCC 35218 FIvb
[T (S enteritidis) ATCC BAA708 41 B 250
HE 55 (% 3). MLt Ui IR PE PIP10 BERS ™
= Z RN P, X 4 RS s A RSB
JEFEAHAIRD, B T % IR S0 A 5 1 1 T
ROR AL, 38 X BB AL T (R solanacearum)
QK2013 Jr B T AR 4 vy 410 7 3 M, 130 B 7
PIP10 eV AR By B 3510 14 FF & 7 Tt 2 AR K
BT o

*®3 MR ERSR X LR

R SO T A I T PR By, R
2 FhAR IRy vk I A R B VR A B N A
FE22 5 . Yang SFEPMLIRRES M S, RA
RP-HPLC 73 HrRUTIEMEEYI P i K, LNE
VESRUah AR, FEab ORI A 23 3 &85, H
6-10. 10-16 Fl 16-25 min, X 1649535
4 iturin, fengycin Fl surfactin ZEEMI G, FF
55| MALDI-TOF-MS/MS 52 . 2 18 Yang 252¢)
AIRRUTE LR PIBAR (L1 250, itk PIP10 ROTR
TUVE A2 B F 20 TR TR 2% HROREL 4 BUH ot 107 /)
EIEIEIRE A 7 a3 Ry, RIPREASE] 5-13
13-23 1 23 min L5 (151 4), HEDHLERY) 00 3%
B4 AT BEN iturin, fengycin A surfactin 2§ 5%
LAY, X —HEMZ5 5 S Lin %38 1 Il
AEFRESD iturin, fengycin A1 surfactin JR &4
35 R 23 A — 2 AN R B IBOT ARG 1 41 T )
JoT 2 AL R i AN (), DR T 8 B HE A R PR A
6], &2 53 (0 03§ SR A R it — 20 2 A i

3 WwE5&E#

ARWFFEN ERE PIP1O 01 1% 1k 4 o A o e
ST RN, BRER PIP10 JC R A& O R A . 15 i
MEHSPR TN Z VRS, JFEXTE AN K AE
EAMARUR, BARMMERE . b,
AT X ER e B AR MEEA T AT, B RE PIP1O
FEAE BB TE P AR 10%0 R PR T 8%

Table 3 Comparison of the antibacterial effect of crude extracts by two different methods

Indicator strains Acid precipitation Ethyl acetate extraction
Saphylococcus aureus ATCC 25923 ++ +++

Salmonella enteritidis ATCC BAA708 +++ +

Ral stonia solanacearum QK2013 - ++

Escherichia coli ATCC 35218 +++ +

+++: MABEE>2.5 cm; ++: MEBEER 1.5-25cm; +: MEEER 0.8-1.5cm; — A
+++: Inhibition zone diameter>2.5 ¢cm; ++: Inhibition zone diameter 1.5—2.5 c¢cm; +: Inhibition zone diameter 0.8—1.5 cm; —: No

inhibition.
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0.09

n N
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B 010

0.09 E l
nne

—-0.01 r I [ 1 [ 1 I I 1 1
5 10 15 20 25 30 35 40 45 50
Time (min)

4 AHAERNAERGHEEDNSIREEER A RUUE B: JROFRIRY
Figure 4 HPLC results of the crude extracts by two different methods. A: Acid precipitation. B: Ethyl acetate

extraction.

HA RSB, B8 T 87 m & i
75 65 F A IO P8 o 2 7k T 45 ) B s 2 AR
R T v 43 25 15 B /Y P9 A2 TR DL 3R 2 960 FF 7 (B
velezensis) Pm9 4] 4 J4 i T 400 B 1 MEAE
HICTR K B IR R T 52 BRI R, X 52 /b N R
I K AR, H 80 °CLAP ELAT #esi i s &
PEo S5EAMER SR, R T DU 20T T4
AN AL B R 2 EAM B M i B B AR
P, LEE AR U AN E RO AR T R
TEXTRIPE PIP10 (4 AL 3 R 3, TR
Pk PIP10 BER 40 iR AL & Bk FIJE R 5, (H2 5
£ 21~ CRISPR J¥ 41 Bl I i B B iE 1 T P
PIP10 REE ™ A FE (I . JERI G . £F 4k R WA NG
Tt S5 T 28] 7y Z2 B 1 I L RO B 1 S B o
& o antiSMASH 7EZ LY #r R, 5 B.
velezensis FZB42 3G A G =40 & B L DK 7R AH
L, IR PIP10 LEXT 3 T AR 1 MAC ™ P iy
B BRI, To0 3 B Qi M 2 2 R AR G
P, eGP . BT R . B Tk A
PRSI Y R A A E AR DS 2R
FF1#(B. velezensis) LM2303 JEHHIZHRHE R T

HIER AP 13 N EYG B 7 R it
PRI 0 B , X B0 PR LR R T TR A A
WIR i Y, AP R PIP1O RSN AL
PEATIZ IR, antiSMASH 7E4E Fuxt#] 13 44
Y& RN 3 R A PR PIP10 AR,
KT A5 R 5 Chen %P2 H X255 — 3, HPLC
ST IR PIP10 AHAEY) Bon , H 25l e
iturin, fengycin A1 surfactin iX 3 A~ A A% 51 o
Hirp surfactin B IE S & —Ffam KA R0 2 1H1 15
PEF 01, X 22 B It 40 o 2L A 5 BUIE 1,
fengycin X 224K BB HA T 1% 1045 B Tk B3],
iturin JUJXF 22 ke s i 40 D P L BT 240 26 LA 47
UG PERY DS ZE AT B e AR A B 45 T Y
AF 5 0, AR BG 0, DA 0ok X 1) FH (1] B 47 447
A KGRI St 5 ], (R TE B Al i AR g
GBI BFFEARXS D, HIPk PIP10 X 2 Fh il
FOR BRI 2 RS HOE R, O BB e
BEUF , AT SE AT Ay HAE B i RN LR ff 40 ) o
R RN FH At o R A R, S0 B A A A=
B 15 PR A A 7= Wt S BT 2% TR AR AR Y A R 4
B ERE R 7.
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