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W EAHRAAMARBRLE P HBHLE —HBEARFWAMEAGE %, 24 16SIDNA EHEAR
GIAMFIWE T ENEARER . Ak, AACRUEERES L S mA ZHTHR, £RHRBERK
Sephadex-G50 #= & & ik 48 €.3% (HPLC) H# Kt — % 44k, 44 SDS-PAGE #eig 48 &% -5 A (LC-MS/MS)
BR#TER. REAIRDKREFREARDPHGESHTOHEZSEZERHRAGIPHAR, A HELTw
BHEA i, Bl Eamaaek, XL, HEFRMFE (Bacillus subtilis) HHk S1-2 3t &% & # H KA A=
BB RANAZR KA, ZAKRST LN R EE S B AL E A subtilosin A, 5 FE4% 3kDa, HE&&E
NERAFEEEINRFRAAVAROHHAR, X EH HEAGRDIPHKEN 0.625 mg/mL, ZMH E £
20~80 C I H FEMALR, LA 100~120 C BRI E 40 E e, BB T HES, 2id pH H 1. 10 69788 %%
WRBVE B IHE M, £ pH6.0~8.0 BERA A AN E RS WIWHA N, RS EZFEHK., FXaik. REaik
Ko 2 b, WEFBIFA SI-2 HH~ A 69mE % subtilosin A R A£G ¥ LA BIRF AR A .
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S1-2 from Soybean Paste and Its Stability Study
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Abstract: In this study, a strain with good antibacterial effect was screened and identified from traditional soybean paste in
Northeast China. The strain was identified using methods such as 16S rDNA and housekeeping gene gyr4 sequencing
analysis. Its bacteriocins were crude extracted using ethyl acetate extraction, further purified using dextran gel Sephadex-
G50 and high performance liquid chromatography (HPLC) techniques, combined with SDS-PAGE and liquid chrom-
atography-mass spectrometry (LC-MS/MS) for identification. The antibacterial effect of the bacteriocin on Staphylococcus
aureus was analyzed by determining the minimum concentration and growth inhibition curve. Additionally, the stability of

the bacteriocins was investigated by exploring its thermal stability, pH tolerance, and resistance to proteases. Results
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showed that the Bacillus subtilis S1-2 strain had the best antibacterial effect on Staphylococcus aureus and Listeria

monocytogenes. The bacteriocin produced by the strain was identified as subtilosin A, with molecular weight of approx-

imately 3 kDa, and demonstrated a significant inhibitory effect on Staphylococcus aureus and Listeria monocytogenes. The

minimum inhibitory concentration against Staphylococcus aureus was 0.625 mg/mL. Furthermore, the bacteriocin exhibited

stable antibacterial activity between 20~80 “C and even between 100~120 C. It showed the highest antibacterial activity in

the pH range of 6.0~8.0, as well as good acid and alkali tolerance with pH values of 1 and 10. Furthermore, it could be

hydrolyzed by proteinase K, pepsin, and trypsin. In conclusion, Bacillus subtilis S1-2 and its bacteriocin subtilosin A have

great potential in food preservation due to their strong antibacterial activities.
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LRI B (Bacillus ) RI 5 SR 564181 B A2 1]
WA RENE, AEEh . B2y Ak Mol FHOILAF T
ML)z 2T RAE R 2 AR TR A RS 531
B FIBGEE AT, 0T LSRR . 405 22 S5 )
BT, TERRYY . S N AR SR R RV E T A
KA DT P, B B, s i R 3
T AT IR RE S W 2 Fh BT RS R B, A4S AR K
e TR R DA SCHA/ NrF ) )53, eI AT . BB
PR

2 A 2R S0 T5 1 R SR BT 50, 0 B RS e A AEL X
IEZBUREA £ XM, 5 T R ST R TS
gelol, AR, U R 0 T 2R FAT B 40 5 3R iy 41
B, ZFIEFFRHEIE e R 2 IS TA 3, f1+E subtilin,
mersacidin. subtilosin A 2", 4 2 subtilosin A
P L R O A B EA ISR, 20 a7 550 it 4
BRI ZH I 7 255 A AR 53 AT 424 Hh — Rl 5 2 AT I
Y 4l & 2% subtilosin A B 583 & I H 7% . 1Lk,
subtilosin A CLHATA A Z AR, (HIL =9 4544) i R i
FE , Ishida 55 PV (i F 7 2O HE L WI R IE T sub-
tilosin A "' AIbEF 25BNl dtkr] WL, H
AT AR RO CA — W, (AR R R 4,
1) SRR Ay TR 2R, ZEAOAT R 4l B 22 AR
PERFIE BEAE S 21T TR A TR 3R I S5 A T o 4R 4R
S

R I R R AR B AAT R = S
KSR IS A, ST RSN AT
PNARA D X AL e e I W2 A it v 7 08 D265 HH — Bk
PO BR T PR R B A B 2R AT (Bacillus subtilis)S1-
2 BB AR, TR IG X AN R i T alifb e . 2
RE PRI LA AN B AL 7 T SR ST, B a2 AR
FAGE AT S1-2 M H AN RAE A v
AN S 1R
1 #RERFE
1.1 MRI5LER

TR RE LR AL i AR S SR R I R,
KR ECH 49 d; il B EZF AT T (Bacillus subtilis)
S1-2. 4 ¥ 4 5 75 BR B ( Staphylococcus aureus)
ATCC 25923, KW ¥F & ( Escherichia coli) ATCC
25922 A 382 W 4 [ B ( Listeria monocytogenes)
ATCC 19115, A% FE VD ] QB (Salmonella typhi-

murium) ATCC14028 M7k BHAR ML A4 6 hh 2
AR IR LB B33t b Ry
RABRANF]; LBRAME. Fhig . SN, 0. =5
g iR AREHCR RS W 28 1 K (40
U/mg) . B&EENF(250 U/mg) . JEE ARF(250 U/mg)
I B ERHA R AH

YT-PCR Y  INAR =R GeRH A BRI A

Eon B#FR{Y 32 [E Biotek 23 Fl; Dionex P680 -ifil £

SAH B RO AR 3 32 Dionex A w]; DYY-6C Hi,
VKA db oS —ZE PR H A BR 4 Fl 5 Regeulus

8100 ¥ A s  HAH ST mBHYE A
RN

1.2 XFEE

1.2.1 SHEPIFMITFREA S EIHLEMEE =%
Arbulu 55" [, BUZ RS TS, 48 85 € /K
WImE 20 min JEFEE, AT T LB BUAEE SR 555 3%
JEPRHC AR B 5%, [RIA A 7o 2 Qe (o S L A 4k
Ju a5, BEHCAH PR BRI 3IR FTFLIL, FT4L
EAR S mm, DL A EREE . KIGFFIE . Sy
ZEWRR QA . YPT T IQ BRI FE s BRI T B 50,
SXHNEA B I E PO R B AR . SNBSS 19y
125, KT B TR AR i 3 B A 1 TR AR 15 Ak O i
DNA, 5 #%F 27F(5'-AGAGTTTGATCCTGGCT
CAG-3") /1492R( 5'-GGTTACCTTGTTACGACTT-
3)F 42F(5'-CAGTCAGGAAATGCGTACGTCCTT-
3') /1066R( 5'-CAAGGTAATGCTCCAGGCATTGC
T-3) 43 50%F 16S rDNA 5355 A gyrd #E4T PCR
P38, PCR W FEF: 94 °C 5 min; 94 °C 30 s, 50 °C
1 min, 72 °C 2 min, 30 P~f&¥; 72 °C #EAH 10 min,
% SN AR R 2R A BRA B TIT . A
NCBI %82 (https:/www.ncbi.nlm.nih.gov/datasets/)
1 35 ) R R v Y 19 AR =X B R 1 1 2 o
MEGA 11.0 @R ARG R TR

1.2.2 ZEAUAFREAEE Rt 2O is 2|
YW, SR LR SR FE WA A 43 25 A5 B AED ),
P L A S SO AT B P, 38 32 T s
IEE A S E, T 4 C RAFAH. SEA RS
J5& Sephadex-G50 #4744k, 7 280 nm &b xE A7 :1
T R iy 538 F HPLC 4ifk . R Tricine-SDS-
PAGE XN R 15T, # B i FRam 23t i
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JESRAE YIRS Al LC-MS/MS B T4E5E .
1.2.3 ZFfEFTET S1-2 4HE R IR TE SR IRSK)E
ZEEUST Py Dy 9 ) R A B 28 X5 N B ) e /N TR T R
(MIC) . W4 5 (i 2 BR B 6 78 BT 1R 2% $EFh i
BRI LB 35gadtrh, I ARG 2=, [k Bk 3
10.000.5.000.2.500.1.250.,0.625,0.313 F10.156 mg/
mL, BB A IR, B 9% 24 h EEFE R B A KR
Ol JMAYHEE AU BE IR F] 0.8xMIC, 5 B LR 2
Pl X HE 40 AN 5 25 (0P BB 2, 7 24 h N4 2 h K
600 nm AL SGIE, 2o A Kl g,
1.2.4 ZFEAIFTIA S1-2 B X B2 | B, 25 Y
FaEEFIT B HPLC alifb)s ik S T i T
BEREL (PBS)ZZ 0PIk, 4324 T 1.5 mL B0, 145
A 1 mL, BEATIREE . pH. 25 15 B PPN 2 5256
TR A R FeE s TR PR D B SR B A AN B R
4351 E T 20, 40, 60, 80, 100, 120 °C 4514 F AL 3
20 min; pH A [K 22 9206 B B oA R 40 T 22 RE L
NaOH 5% HCL¥ pH P32 1~10 B ER S E
1 h JEEAZE 7.0, ZJ5 ISR K E %55 2 AR 2R
S E S d ] 20 me/mL (9 1 K WK . AR
FABER . S B AR SRS 1:20 IREIFE T 37 C
AbEE 2 h J&, B F 70 °C AbFE 10 min {HEFAKHGE . —4H
PAPR 2 P D 4 0 ORI A ER AR R AN L SR ERAR
FTFLEEIEA DB TG PRI a2 , I A0 B B A o
1.3 HUEAIE

TRIG I B AS I RS = 4P AT . SR
PriE T Excel 2021 483, 251 P HAAR M 2E 3=
7, 2’ FH SPSS 17.0 B4 % B ¥ vk 47 4 2 Pk 4 17,
P<0.05 &8 22 5% W3, FJH Graphpad Prism 9.0 i
1T
2 HBRESH
2.1 FHEZFREAE S1-2 Y BIHEFMEE

AT S P SRR, AR A
et SR IS ML, ARG ik s 2 6 £k
AR BERLZF AT IR, 43 A 454 SP. S1. S1-2. S1-

Piscinibacter defluviilGCF 004011805.1
Bacillus tropicus|GCF 001884035.1

A

3. 82, S2-3 FFHEAT T I ER LS FE X EAT T A B 2K
R EARGERANER 1 R

1 AT RO AR R A P B AR (mm)

Table 1 Diameter of the antibacterial zone of Bacillus against
indicator bacteria (mm)

Wk SEEEARRE  AMSNRE RBE WK
SP 9.23+0.25 10.7+0.16 6.01+£0.02  6.09+0.03
S1 8.03+£0.12 10.13+0.14 6.44+0.02  6.41+0.07

S1-2 12.31+0.42 14.06+0.23 7.23+0.03 7.1840.06

S1-3 6.88+0.20 6.324+0.25 6.72+0.08  6.76+0.05
S2 7.21+0.14 7.41+£0.21 - -

S2-3 5.23+0.17 6.74+0.32 - -

TE: =" R THECR .

3 1 nTLIAE 1, 6 BRIEEA — & I TR ROR,
X 2% P B PR 000 R A SRz v T o % EG R R B
FAERIRR S1-2 FNERRCEREEANZE L, Tk S2-3 TIZREL
s R BORRE S1-2 4T PCR WA 4 52 J5 %
FEFEFT 16S rDNA )T, MFL5 R B AsERE S1-2 5
A ZEFUAT R RN 100%, 5 HA— 26 2F AT
AR EIR R T 99% LU b ot iERhE %
FELESHERA Y, MOTRRFE I gyrd $EATI0F 5
X2 4 AT R TR AR S1-2 54l R ZE AU AT R [R]
PEPE N 100%, B2 AR S1-2 G B 2R AT R . &%
2T 16S rDNA 5 gyrd I3 7E NCBI ¥4 22 %k
PEAEFNE K- BAEIT R 20 #ii=NE (K 1),

22 HERRENEE

2.2.1 MEEREMEERLS S HENEFTFLES, XTalifb/am
SN TR R FEAT IR Y IS T I, L A R A 2
TR

ZE bk, A0 PR N A P ORI A BR TR . KBTI
PAMGZSHTRE G . VDT EQ BRI B B AR S S 5
14.06+0.48 . 8.61+0.10. 19.97+0.54. 9.23+0.08 mm_,
RIS A R R I, Rl 2R AAT B S1-2 P2 AR n Al
T RGBTV T ] B RR P PRI AN 2, Xoh 47
(00T 25 R DRI AL 2 B R CC PR O I PR B i, 12
ZSBRXT DU AP S0e B Y Je I I AEH, HEBR T 2% 2 lR

Bacillus subtilis| GCF 000009045.1
Bacillus inaquosorum/GCA 000332645.1
I Bacillus licheniformis|GCF 001939535.1
Mg Bacillus marinus|GCA 001274925.1
7| Bacillus tequilensis| GCF 000507145.1

99 Bacillus halotolerans|GCF 001517105.1

91

99

Bacillus mojavensis| GCF 000245335.1
87— Bacillus paralicheniformis| GCF 001042485.2

L Bacillus swezeyi| GCF 001969815.1
99— Bacillus timonensis| GCF 000285535.1

I Bacillusonubensis| GCF 002734215.1

Bacillus sp002551815|GCF 002551815.1
Bacillus pseudomycoides| GCF 000161455.1

2

Bacillus cereus|GCF 002577405.1
Bacillus proteolyticus| GCF 001884065.1
0.010

Anaerobacillus macyae| GCF 001039475.1

50
4‘— FJAT-27916 sp001183965|GCF 001183965.1
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B [ Bacillus licheniformis| GCF 001939535.1
100 Bacillus subtilis| GCF 000009045.1

I s1-2

~ Bacillus halotolerans|GCF 001517105.1

100

Aerococcus sp002252085|GCF 002252085.1

Streptococcus oralis| GCF 001579175.1

on: Bacillus sp900116295|/GCF 900116295.1
Bacillus paranthracis| GCF 001883995.1
Bacillus nakamurailGCF 0015843251
Bacillus amyloliquefaciens|GCF 000196735.1
o3 Bacillus siamensis|GCF 000262045.1
Bacillus velezensis|GCF 001461825.1
r Bacillus subtilis| GCF 002153395.1
L Bacillus vallismortis| GCF 004116955.1

0.10

B 1

Fig.1

2 R RIARE W ORI (a) . KIBFFE (b) | Y
TR IR (o) IV T T IRTA (d) ST I
Fig.2 Bacteriocin against Staphylococcus aureus (a),
Escherichia coli (b), Listeria monocytogenes (c)
and Salmonella (d)

AR AN A FE PN PR T P B R i R BB H e RT
WIEAEWT, XA 2R n) G 22 FBHMHE R A 58 HE B LR
HE T, X8 =% [Q PR TR A R ROCR AN B i, A it —
TR . AN, ASURIR I P P ARSI R T B T
FF AR B 0 235 R, 9 P00 BRI A IO e B Wl =5 gt v, DD
53] T alifl.

2.2.2 SDS-PAGE &5 R 4r#r o+ — M ¥ SDS-
PAGE TE{IRSrF X N AHP 25 5 R EUH A3 HERAIR, i
AN E A TR E B 128405 20 Tl w0
T 5 kDa, ASIKIGRH T Tricine-SDS-PAGE, Hi, k45
R 3 Fras.

66 kDa

35kDa

14.4 kDa

4.1 kDa

P13 HPLC ZifbJi5 /) Tricine-SDS-PAGE £
Fig.3 Results of Tricine-SDS-PAGE after purification by HPLC

\
L Listeria aquatica| GCF 000525795.1

Aguibacillus sp005870085|GCF 005870085.1

Bacillus akibai|GCF 000513135.1
100 Geobacillus zalihae| GCF 001544135.1

Hi lostridium str isolvens|GCF 000521465.1

HLT 16S IDNA(A) | gyrd (B)MIEERURN 2P FUAT IR S1-2 RGER T
Phylogenetic trees of Bacillus subtilis S1-2 based on 16S rDNA (A) and gyr4 (B)

H, Pk 45 5 o, &8id HPLC 4k 985 JAE T,
TE 4.1 kDa Ny —4B0 W 2&417, i en] 20, 1245007
5 FHE/NT 4.1 kDao Xt UG 7E Zead 2 4lifh
J& , AHPE R AL EEEE T, DA ] LA SRS VHE 1 2 A 41 B
-9 e £ I A
223 LC-MS/MS 45 /- B ¥ 4 Tricine-SDS-
PAGE Gk, gifbife4i)5 A 7E 4.1 kDa LU B—
ZEF U, PEFT LC-MS/MS %58 . iR 4G <
14 %A% MaxQuant1.5.5.1 A6 2245 25 27 704 12 i %K
e, 1938 S e 45 RNk 2 o,

# 2 LC-MS/MS faBor i 4 e 45 2R
Table 2 Partial protein identification results of LC-MS/MS

HARAK W FIVE (%) 43Tt (kDa)
Single-stranded DNA-binding protein 323.31 53 18.63
Thioredoxin 323.31 11.5 11.393
Uncharacterized protein YjfA ~ 269.95 16.4 16.202
Uncharacterized protein YjdB 171.94 12.394 18.3
Tautomerase 114.18 14.5 7.1451
Subtilosin A 72.102 17.8 3.314
Subtilisin E 49.614 11.9 8.6586
Acyl carrier protein 41.417 19.5 8.5914

HRAE LC-MS/MS K 45 5L, B %0 8RR
5 Score {H. FFANAITE TR . X F IR E A TLE S
A3, HEDIZHTE 5 A 1 a ZE4HEE 25 subtilosin A,
SCHRFE HY, subtilosin A U5 FHE 2924 3 kDal*, i1,
EMIET Tricine-SDS-PAGE Y45
23 HERAHIEIEE
2.3.1 SR ERNT 4 B €0 7 A 3K B P S/ N TR R R
B/ M RIS S5 R AN 3 iR, I E W E N
0.625 mg/mL BFE WA TR S 8, DRI B 2= X

3 UG EON B O BRI R T
Table 3 Minimum inhibitory concentrations of bacteriocin
against Staphylococcus aureus

RS (mg/mL) 10 5 25 125 0625 0312 0.156
S AR - - - - + i ++

T HRR A R T S R IR IR
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£ o AR A ER P 1 B MR 28 0.625 mg/mL .
2.3.2 e EOMABRIE A KMGI It RlAE
600 nm 4Lz G (OD600 nm) 7] DL SRFRAEIT - Lt
BT AN P EL E AR A, DT TR]1422 S B PR 22 6 PR A
SmiE A, SEERANE 4 B

1.5
12F
£ 091
S 06 —— S1-23M Y
.l —— JHK
. - LRI
0.0 I A TR N NN NN B |

1 1 1 1
0 2 4 6 810121416 182022 24
TS ()

B4 G 4 BRI AR KA ith 2k
Fig.4 Growth inhibition curves of Staphylococcus aureus
& 4 AT LUE Y, 18 BEAL P ZH 45 0 (2 5 20
EREA A 4k 55 TC /KA FRZH AR HETTHH i A8 1k, 2R
FEHEAFRD A w4 BRI A T2, X -5 1R
TG LR LR X I95 S48 7 T T TR R AR XS Y o
AN TR 2R s 20 -5 6 BRZHAR L, AN 4 h JT4R,
A [EI s E] BE B OD600 nm B I ARG, 26 W 40 1 25
X 4 e (00 A 2 TR AT B A g A A e R
2.4 WERRTBEMR
2.4.1 REEXFAEE R BEIE VERGEZ I L 20 °C AR
SRR AL IRZH 25 R R, S5 R ANIE 5 S o

b
20
C

2.1 d
£
&
~ 12
e
= 3

4

0 1 1 1

L L I
0 20 40 60 80 100 120
AL (C)
PS5 Sl X A BT 2R 410 P P 2
Fig.5 Effects of temperature on antibacterial activity of
bacteriocin

H: AFENG PR B E 2T (P<0.05), B 6~ 7 [,

FHIE 5 AT LG H, 4 23 X ORURR . 78 20~
60 °C R EEVE I PN, I EARIEAS R REA AR, ZAH4H
PRI 2R A 00 B 330 1A 2 TR B S M 8/, TR B R PR A
MR FTFE 80 °C B, MMEE NE Mk B R B A, 5
Xt REZHAH LE, IR TR TE TS T 15%; FEALFE 100 °C
5 120 °C B}, BARIEE B/ N R R, (Hi SR
FAERELE 15 mm ZEA7 97K, IR TG PEAT S SRATAE o
2.4.2 pH XTHEEME TGRS L pH 2k 7.0
A AT PR 22 AL B ZH AR SR a8 6T R, AR Al B R &k AN

[F] pH A S X 4 25 A 2 BR B 1Ml 5OR, &5 58 an
Kl 6 fis.

0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.010.0
pH

Bl 6 pH X4 M G PR R

Fig.6 Effects of pH on antibacterial activity of bacterioncin

HHIE 6 A] LLFE Y, 41T 2 % 1 M Al #R 2L A
RArmteoeEtE. S5XE4 (pH7.0) A Lk, pH 7E 6.0~
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Fig.7 Effects of proteases on antibacterial activity of
bacterioncin
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