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¥ 5.0,NaCl 5.0,K,HPO, 3.0, A[¥EMEIENR 5.0, 3%
JI§ 20.0,pH 7.2~7.4,

TSR 5 7R 5L (/L) R 5.0, MgS0,+
7H,0 2.0,K,HPO, 1.0,NH,Cl 0.4,FeSO, 0.01, 3
JI§ 15.0,pH 7.2~7.4,

2T 2 O 0 1 77 3 (/L) < R W L 2F 4 0
2.0, (NH,),S0, 2.0,MgS0,-7H,0 0.5,KH,PO, 1.0,
NaCl 0.5,305 15,pH 7.0,

FER R WNER 1 s,

x1 HKBRAAAETE

Table 1 Indicator strains of experiments
A5 R XS AMeT R R
1 3P4 G L6 A& 4% I (Listeria monocytogenes ) CICC 21635 TOE Tk A 4 B AP AR
2 K Wy 3% 7 KA (Escherichia coli) CICC 23657 b N
3 43k & H H A (Staphylococcus aureus) CICC 23656
4 4R AR B A (Pseudomonas aeruginosa) CICC 21636
5 £ 3 H (Enterococcus faecalis) CICC 23658
6 1 1T KA (Salmonella typhi) CICC 10871
7 #b K &R KA (Shigella flexneri) CICC 10865
1.2 i{H 1.4 REHZE

AR B T B A YRR AT BR S B Tris 2R
F i K SOXTAE ZZ #l i .RNase A (10 mg/mL) . TE
2% v Tris TR VA VR, A2 T AR AR (I ) I
1y A WS w5 Taq B, FE 50 0 MERE A2 W) B IR A
/2 E] ;DL 2000 Marker, 5642 4 T2 (K& ) A R
YNEIS
1.3 NFE5EE

Jeof WAEE, kR ;DNA W B 2 A, Ther-
mo; PCR 1%, 38 EA SR A Al 5 K SF LUk AL, b st s
— AW RHEA BRI R AL, L .51 DNR
OS]4 H Sl R TS VS T ECEY 1R [ Interscience
YNEI IS

14.1 MR ME S FEmE 1 s, i)
5¢ RKEFEME TREET, A 45 mL KFEK,
PR LR 40 4TIR ) . R 5% B ¥ 1 D0UE 10
min J& BT L bV W aEA TR AR RS W R
10,105,107, Ht 200 wL s B T LB MRS Al
M17 [EAEE SR A 5 37 CHE 9% 24 h, £
PRV B R 30~300 AT A, ki B — BV, 04k
B TEE IR — @ W RS R P | - R L 2liAk
HEMF B —aifw %, FE% T 200 r/min,37
CH MRS I3 | B FR W M B R T s e, TR
BB 20% 1 HM ), YRAFET-80 C&H .

s mEax  SEEAEK
1-0 = (D
-©
@

1 @ESETE

Fig.1 Bacterial isolation process
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HR[18]~[21], i i PCR J7 ¥ A I Bt b 42 okt A A G
G A XFAT R 25 2 D (Bacillomycin D) | 5 5
% (Fengycin) | #f £ 2 1 (Flagellin) A B R R A
(Tturin A) | 2F £ B % & (Bacilysin) | A 5 B g Ik
(Surfactin ) FTEE 19 B¢ TasA %530 B 40 I A A O
GEE BT 9 X B RS TWF, 51 W) B
AT A TR (i) I A PR W B
1452 R2AMRMIIEIEHE MY E  PCR ¥ 3
24 .95 CHIAE M 3 min;95 CAEME 15 5,50 CiE
k15,72 CHEAH 1 min, 3 35 MEH ;&5 4 C
15 min, [F] 1.4.4 95 K935 L 8 R Betk AT 1935
FOREEE I R VK, R DU 1 45 20 A0 58 I R B Ok
¥ o
1.4.6 R2 WHRIEYE 22 SCHk[21], [22]/0 3K
5655 vk il 4 R2 1 (29 1x10° CFU/mL) , 78 & 47
5% 15t R 27 4 T TR 2 1 1) RS LA BRI T
37 CHEF% 24 h, W53 B B 1 00, 1 3 UCTAT
1.4.7 R2 WHEMdLAE R BUEYE A0 P8k
BT R2 WL AR 2R UM AT A
1.4.8 R2 WRAY = EEE ML IR R 45 o of e Fh i
M 2% (RF %) B R2 #8750 mL LB A
1,37 °C,200 r/min 15 3% 24 h, #.0> (8 000 r/min,
10 min, 4 °C) U4 3G W,

SR A AR VA PG TIE 23 B 1 A0 B R A R
JitL ANt 37 CCHE 24 b, WEEK ik P 0

PITIRE

KIGHFi

AR S B
eIk I I

B A I A R B

HEBICE

S E PR
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1.5 HEHWAZE

Fr A A 3 U AR DL B bR i 227
R ] SPSS 20.0 BAFHEAT HCHE 3 b, T
Origin 8.5 A2l K14 . SR UM ST FEAS ¢ 462 50 ok
W Gt 43 X, P<0.05 HA G5 L,
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21 FIEXEREDWEEENNE

FH VR AT A X 8 A il v 43 2 A Tt A 4
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Fig.2 Bacterial inhibition profile of isolated strains



55024 % 7 FRAAERKE T Z A DR ARG LR 2 ARR 103

22 EHRESFERE PR AR A5 AR A LU RV, B AT T A 5 2
PAA AL 8 D st R IR 0 R BT ROE A 1R 3 AR B AR 1Y
PEEOW R ARGV, 20> B B 44 BRANTE . X2 SEAREIA R A A A
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Fig.3 Morphology and bacterial microscopy (40x) observation of some isolates
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B 4 4 EE# 16S rDNA PCR =B ikE
Fig.4 Electrophoresis of 16S rDNA PCR products of isolated strains
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FI I BLAST 43 Hr B Bk 9 00 7 45 SR an ¢ 2 i
TN LA BRI R T AR AT R R . o, R E) 16
R U1 ST 2E AT B (Bacillus velezensis) , 15 B EHY
36.36% , 72 AR UK ¥ 43 1 B dee 22 (9 R R 5 LU
fi#t VE B3 ZE FHTF 18 (Bacillus amyloliquefaciens ) A 13
B, o SR 29.54% s 4 B ZEFLAT IR (Bacillus sp.)
A9 Bk, b SR 20.45% ;38 2 2 AT B (Bacillus
siamensis ) 3 8k, 5 BB 6.82% ; i J5 & /N EF
FOAF B (Bacillus pumilus ) V>4 ZE 0 FF B (Bacillus

safensis ) 15 M ZF ML FF 5 (Bacillus zhangzhouensis )
A1k

A E R RE P R R AN, R
it ) ) 4 381 DR A T e R v B 2 5 A A
TR, X DR Y il Jo RS A 22 OC T S A A P, BFoE R
B, ZERAT R A 2D 20 RO FIZEE PR Y,
Horp FEOE R A BB Y o R, AR
e 38 04 7 BT TR ) IO ) TR R A 2 LA R

F2 SEEH 16S (DNAFIIER
Table 2 16S rDNA sequence results of isolated strains

B 5 KR ER BRREALA) Genbank

R1 W 3 # 3 384 B (Bacillus velezensis) 99 MT271915.1
R2 W 3% H7 3F 384T H (Bacillus velezensis) 99 MK367782.1
R3 A5 3 3 5047 B (Bacillus subtilis) 99 KU159190.1
R8 fif 5 #y 3 84T B (Bacillus amyloliquefaciens) 98 MT611666.1
R9 N 3 A 5 847 A (Bacillus velezensis) 100 KY887762.1
R10 fif 5€ # 5F 24T B (Bacillus amyloliquefaciens) 94 KF803274.1

R11 5y o 34 H (Bacillus amyloliquefaciens) 99 AB813716.1
R12 3 F 3047 8 (Bacillus subtilis) 98 MN726441.1
R13 5y o 34 H (Bacillus amyloliquefaciens) 99 AB813716.1
R14 W 3% H7 3F 384T H (Bacillus velezensis) 99 KY887762.1
R15 5y o 34 H (Bacillus amyloliquefaciens) 98 MT950335.1
R16 A 33 F0AF B (Bacillus subtilis ) 99 MT950335.1
R17 N 3 A 5 384T A (Bacillus velezensis) 99 MT103089.1
R19 B ¥ F 384T W (Bacillus siamensis ) 99 MN371812.1
R21 5y o 34 H (Bacillus amyloliquefaciens) 98 MK521053.1
R22 B ¥ F 384T W (Bacillus siamensis ) 97 MN371812.1
R23 A5 33 5047 B (Bacillus subtilis) 99 KU230011.1
R24 42/ 3 J8AF B (Bacillus pumilus) 97 KM265461.1
R25 % M 3 34 ¥ (Bacillus zhangzhouensis) 98 MG937684.1
R26 A 33 F0AF B (Bacillus subtilis ) 98 KU904297.1
R27 5y o 34 H (Bacillus amyloliquefaciens) 99 AB813716.1
R28 fift 5€ # 5F 24 B (Bacillus amyloliquefaciens) 99 IN661699.1

R30 Bacillus safensis 98 KX023225.1
R31 A 33 F0AF B (Bacillus subtilis ) 98 KU230011.1
R32 £ ¥ F A H (Bacillus siamensis) 98 KX129844.1
R33 W % H7 3F 384T W (Bacillus velezensis) 99 MT611650.1
R34 N 3 A 5 84T A (Bacillus velezensis) 98 MW314755.1
R35 8 5 By o 34 (Bacillus amyloliquefaciens) 98 JX475120.1

R36 3 F J0A4F A (Bacillus subtilis) 99 CP053102.1
R38 & M 3 384 1 (Bacillus zhangzhouensis) 99 MG937684.1
R39 5y o 34 H (Bacillus amyloliquefaciens) 99 AB813716.1
R40 W % B7 3F 384T 8 (Bacillus velezensis) 99 MW363359.1
R41 N 3 A 5 84T A (Bacillus velezensis) 97 MT626060.1
R42 8 5 By o 384 W (Bacillus amyloliquefaciens) 99 GU568203.1
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R44 W 3 27 3F 384 ¥ (Bacillus velezensis) 99 MW363359.1
R45 N B 5 047 B (Bacillus velezensis) 99 MK367782.1
R46 W 3 27 3F 384 ¥ (Bacillus velezensis) 100 MK130897.1
R47 N B 5 5047 B (Bacillus velezensis) 97 MN100588.1
R48 W 3 27 3F 384 ¥ (Bacillus velezensis) 99 MTO081105.1
R49 3 04T 1 (Bacillus subtilis) 98 EU883786.1
R51 % 5 Ay o AT (Bacillus amyloliquefaciens ) 98 ABg813716.1
R52 N B 5 047 B (Bacillus velezensis) 100 MG996871.1
R53 % 5 Ay o A4 (Bacillus amyloliquefaciens ) MN176421.1
R54 N B 5 5047 B (Bacillus velezensis) MK367782.1
R56 A 33 304F B (Bacillus subtilis) MN704472.1

W 45 5 NCBI HE X 25 2 il ] A 3t 4 AF
Mega 11.0,iz ] N-J ik &7 R LW, 45 8-
K 5 Fron ,R2 5 DU SEH 2 FF B (B. velezensis)
NRRL B-41580 KY694464 %) —3, FHIHE bk
R2 Jy VUSEHT 2R AEAT 1T 5 BRI BR R85 M 9 o 2 AT
W (Bacillus amyloliquefaciens ) 1€ [f] — 7 32, & ¥
P BRI B B, TR R8 A UE K 27 AT 14
FPE R24 5 %5/ 2E 0 FF 1 (Bacillus pumilus )1.19
=3 b, ST 8EdR—8, RYEHK
R24 g /N ZEAUAT B W BR R18 595 = AT 1
(Bacillus thuringiensis )Y4 b—3, K HE# R18
R R AR R22 5 U4 2F f T 18 (Bacil-
lus siamensis ) AMB-y1 & —3, FIHE K R22
VDR ZE AT B 5 TR RR R25 5 TR M 2 14T 14 (Bacil-
lus zhangzhouensis )SML-M151 b —37, FWHE
Bk R25 gt M 25 MUAT
24 NEHFHAERNBERNEEER

N T BB RS DSR2 f AT w0 R2 iy
VRS PR BT B Fh 2 X DL ST 2 AT 18 R2 A 40
AT BE AT DG BT TS PR BT Y G B DR AT M E
g5 RME 6 Frox, DLW ZF AT I R2 KRR 4
DNA Syt , al kg S 738 1 7 A9, RIAE &
WEARNR IR ZEY AP MR R D B R MEBHEA
PG RETE R A PSRV R G T R IR A g i i
bmyD fenA .hag .ituA bacA Srf, FoA 34 ;=¥ K
/N3 51 1200,1 400, 1 000,650,500,350 bp; &
FII 2L TasA B2 %2 ] rasA 3738 H B9 25 K
/N4 800 bp , 25 SCHR 4 GE A — 20 BT
PCR 7136 I 7 J5 430k B9 39 1R . AF 5% s, DL

REFRIEA mwa
RRETHTRITE wtrmin ICR-1

98

98

99
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l—

RERFRAR

R24
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r30
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Fig.5 Phylogenetic tree of 16S rDNA sequences

of isolated strain isolates
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Fig.6  PCR amplification electrophoresis of genes
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Ji JUR 2K 0y T PR 2R i 2K A 5 1 R0, AT T 5 e B DL
FTZF AT E LN A 10 MENES S T R
2 i ORI 200 B 2R B I A AR 5 B, 5 AR F S 4G
B, WA AT ) S5 A 2 B sl 4 A D A
PCR §" 3345 R, ASHIETE B 208 1) DL SR dr 25 4t
FFE R2 A 0T LU A 7 Rl 4 5 DL ST 25 4
FFER R2 7 A X BB bR ) o, 76 AR I8 K v ]
LA 3] — S B0 T B T ) 2B
2.5 NEHZFAIE R2 AFMmETFMNER

HI TR0 2 AT o 0] BESE AR TR L I LI

() DUSEHT 25 AT 1 R2

(b) & A PR A ATCC 25923

200 J6 B A 3 R B, AR AR 9 X 40 S ) B AR R AT &
SRV . HERRVE I T T R A R PR Y 1
B0 oM IR 2 SR AN R 7 BT X A R A 4
A A ERE ATCC 25923 Bon H B I, % HR 14
KRR FF B Nissle 1917 78 o= 1L, T AN 56
B bk DL SR 0 25 A FT B R2 76 37 CHY & 5% F 1L 1Y
HHE HC P A R FR 0, A B R I (y—3 10 )
I, DUSET 2E AT B R2 V0 W 7 V5 1 XU, |, A
SR A AT LA B Z B b

(e) KIFE# Nissle 1917

B7 NEHFATE R2FMERK

Fig.7 Hemolysis picture of Bacillus velezensis R2

26 NEHFAHER2MERTHLER

1 TR RR 11 22 2 PR T 3 T 0K R 2 7 L
AP R 25, I g5 R A3k 3 Fin , D3 4
FAF B R2 X5 10 FhdiA: S f bk 218 % KK
BR IR KRR ZREAR BEEE T
HE KGR EMEER G WEUR, 5NEE kB
RS b TP A3 1 DL SR ZE AT R R
WMRER LAHR KKER FIFER AR
T3l R R BURMT I — 20, R, DU 28 fAT 18
R2 7 £ i 2 T L FH rh et A B KRS
2.7 NEHFMITE R2 ~EHFHEER

SEONE 8 T LAE Y, DS 2R F AT 8 R2 B
7= Az R TR . VE R . R RN 4T 4k 2 K
Rl A5 W58 A Sk 1 K BB 1 R v il 2R 19O K
2 TR R Y R AT B, 2R AT B K
W AR R O SR — X K G XU 5
T B I, BIFSE & BK 3 v £ Fh 25 T 1
A VE R IS AR B RE T, WA R 2R SR T
A ZEAHT T VDA 28 AR B 5 28 LT T AR
2= JEVRR TN AR b K3 v i 6 1Y) DL 3 3 2 0 AT 1R

R 3 NEEHFRATE R ERHEN
Table 3 Antibiotic susceptibility of Bacillus velezensis R2

"AEFE k) B A 12 /mm R LA R
Sk Fa vk ok 36.0 = 1.50° S
aF & 26.7 + 1.36" S
EXEE 23.1 + 1.36* S
v R A 24.5 +0.76 S
MR E 21.4 +1.42° S
EFE 14.5 + 1.04¢ I
T EEE 18.7 +2.71f I
RERE 28.1 +2.39" S
KIAF 35.0 +0.38* S
HEEC 23.5 + 1.35¢ S

TE AR B b br 5 B R B e it 2 22 5 (P<0.05) s BUfE Rom 2k
I EAREZE” (n=3) ;S AU, T P BUEL R 2y,

DPUL-J1 H A7 5 (9 38 1l FOE B i 06 4, A
IF 5 G 2 1) DL S 38 25 AT B R2 AN ALR A PLIA
P H A A R TR LRI A
2T Y 3% il 1) e
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(b) JE ¥ il

() 2R i Al

(d) £ 4t £ ity

8 WHMFATE R2H~EHERK

Fig.8 Pictures of enzyme production of B. velezensis R2
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ARBEFE AR AL K AL B 5 44 bR EAT I
G PR AT, 2 500 E RN ZFRAT IS . o,
UL SEE 2E AT 18 (Bacillus velezensis ) 16 £, il
VERY ZE AT IR (Bacillus amyloliquefaciens) 4 13
Bk, A B ZERUAT B (Bacillus sp )43 9 18 % 2 1
T (Bacillus siamensis) A 3 ¥, 565 /N 2F {0 FF
(Bacillus pumilus) V48 ZF fAF 5 (Bacillus safen-
sis ) M ZE AT B (Bacillus zhangzhouensis ) %5 A
1Ak AR 44 BRTA PR D0 TR 1 | 30 D13 2 1
P R2 40 6 Fib £ PR PR B0 8 A= 1K 3E 3 0 D13
W ZF AT B R2 4T AP PCR 47 14 &5 SR 4fi ) H.
RE e ARG IR R Y B R R D, £J5
R MBED PHMERER A FREER MR
JIR KRR (1 2R BU R P I TasA ., BLAM , BF5E 34 & 31
VUSRI 27 AP I R2 B R4tk LA H
ity | VE oy Tl | 2T 2 2R I SR 0 Bl 0% 1 PR O RS
B VUSRI 2F F AT A R2 2 A AR 7 1) v B & IR
R VA R A

AW B M ARIERE SR Y
FRE R AR, I X5 H AT Be P AR BT ) o 2 Ak
BEATHIER , e 28 A e A W o I i 2 4 S A 2
% XA Z AR TR A R T RARER I K
% 71) 25 5 D AR S A R R AR i R R
VRN, 4 e 28 AR 7 TRl s R T B e &
AU i, HESH AR AU b X A 77l e i 31 AR
WeAEH

2 % X #
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Abstract The objective of this study was to isolate and identify microorganisms capable of producing antimicrobial com-
pounds from Northeast China soybean paste and to analyse their antimicrobial capacity. The results showed that a total of
44 strains with antibacterial activity were isolated, mainly Bacillus spp. Of these, Bacillus velezensis R2 was identified
as capable of inhibiting the growth of six foodborne pathogenic bacteria, with a broad spectrum of bacterial inhibition.
Additionally, non-ribosomal lipopeptides encoding bacillomycin D, fengycin, flagellin, iturin A, bacilysin, surfactin, and
the protein class TasA were amplified from B. velezensis R2. The functional, phenotypic and safety—related characteriza-
tion of B. wvelezensis R2 revealed that it was non-hemolytic, sensitive to 10 antibiotics, and possessed protease, amy-
lase, cellulase, and pectinase activities. This study aims to provide a reference for the high—value utilization of low—salt
fermentation microbial resources of sauces.

Keywords northeast soybean paste; antibacterial microorganism; Bacillus; antibacterial substance; safety



